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Abstract

Background: Care policies emphasize deinstitutionalization and aging in place in response to demographic changes. Different
eHealth technologies are one way to achieve this aim. However, there is a need to better understand older adults’needs for eHealth
services, and thus, these health solutions require further exploration.

Objective: The purpose of this systematic literature review is to appraise, synthesize, and summarize the literature on older
adults’ (aged ≥60 years) eHealth learning and use in real home settings, particularly in rural and remote areas, with a focus on
the social and cultural context.

Methods: A systematic search was conducted in January 2020 using 4 academic databases. The studies by means of qualitative
thematic analysis to identify the barriers, enablers, and support practices involved in the domestication process were examined.
In addition, we identified the various meanings attached to eHealth technologies for older adults living in rural and remote areas.

Results: In total, 31 empirical studies published between 2010 and 2020 were included in this review. A total of 17 articles
included participants from rural and remote areas. The most regularly reported barriers related to older adults’ learning to use
and use of eHealth were health-related difficulties, such as cognitive impairment or impaired hearing. The most reported enabler
was the support provided for older adults in learning and use of eHealth. Support mainly comprised older adults’ own digital
competences, which were distributed with their social network. It was found that eHealth technology is needed for rural and
remote areas to facilitate access and reduce logistical barriers to health care services.

Conclusions: The literature review provided information and practical implications for designers, health care providers, and
policy makers. On the basis of these findings, eHealth technologies should be easy to use, and adequate support should be provided
to older adults for use.

(J Med Internet Res 2021;23(12):e23804)   doi:10.2196/23804
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Introduction

Background
The aim of this systematic literature review is to advance the
understanding of older adults’ (aged ≥60 years) eHealth learning
and use during its domestication. The main target is older adults
living in rural and remote environments, as they are far removed
from traditional health care services [1-4]. According to the

World Health Organization, health is understood as “a state of
complete physical, mental, and social well-being and not merely
the absence of disease of infirmity” [5]. As a general practice,
eHealth can be seen as an umbrella concept for different health
care services delivered or improved through information and
communication technologies (ICTs) [6,7].

On the basis of future demographic changes, the world will face
two challenges: a growing care burden per capita and

J Med Internet Res 2021 | vol. 23 | iss. 12 | e23804 | p.9https://www.jmir.org/2021/12/e23804
(page number not for citation purposes)

AirolaJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:ella.airola@ulapland.fi
http://dx.doi.org/10.2196/23804
http://www.w3.org/Style/XSL
http://www.renderx.com/


organizational changes to health care systems [8,9]. To achieve
its sustainable development goals, the United Nations [8] has
outlined key policy changes that deal with current and future
population dynamics. Recommendations include investing in
life-long learning, especially digital competences, and promoting
healthy aging and long-term care systems to meet the needs of
the aging population. Care policy throughout Europe has
emphasized deinstitutionalization and aging in place to reduce
paternalistic care and improve the quality of care [10,11].
Furthermore, previous research in many cultural settings has
found that older adults prefer living at home for as long as
possible [9].

Theoretical Framework
This study’s theoretical framework is built on the concept of
distributed and situated digital competence, technology
domestication, and previous research on barriers and enablers
of technology use. The European Commission’s DigComp 2.0:
The Digital Competence Framework for Citizens [12] defines
digital competence as a combination of knowledge, skills, and
attitudes related to the use of ICT tools. One competence is the
protection of health and well-being, which means, for example,
being aware of digital technologies that can be used to enhance
social well-being and social inclusion. However, the framework
can be criticized for being decontextualized and centered around
individuals. Therefore, a socially and culturally oriented
approach is followed, and digital competences are understood
as the distributed and situated competences of older adults and
their social networks [13,14].

The concept of domestication focuses on how technology users
and nonusers adopt technologies culturally and socially in their
everyday lives [15-17]. The domestication of technology
includes four dimensions: appropriation, objectification,
incorporation, and conversion. The process starts with
appropriation, which does or does not create a relationship with
the new technology, and continues to objectification, which is
when the technology is given a place at home. Incorporation
focuses on the technology’s place in and influence over the
user’s everyday routines. Finally, the technology becomes
familiar, and conversion is achieved [15-21]. Central to
domestication are the public and personal meanings attached
to the technology, which actively transform during the process
[19]. Meanings are understood as individuals’ thoughts and
feelings regarding the technology and how it is seen as part of
his or her own cultural context [22,23].

Research into health-related barriers has found that the key
reasons older adults avoid ICT adoption are the accessibility of
support, their health status, lack of need or interest, functionality,

added value, cost, and concerns regarding privacy and trust
[24,25]. In the present review, barriers were not understood as
insurmountable obstacles but rather as challenges that can be
solved. Conversely, the following key enablers influence older
adults’ use of eHealth: motivation, support, and feedback [26].
In addition, meaningful function and aesthetics are important
when older adults adopt technology [27].

Objective
Recent international literature reviews on eHealth and older
adults focus on a variety of topics: eHealth access and use from
a health equity perspective [28], the facilitators of and barriers
to eHealth use [24,26,29], and user involvement in technology
design, including eHealth technologies [30,31]. In addition,
Cheng et al [32] published a systematic review of eHealth
interventions targeted at socially disadvantaged groups,
including older adults. However, we still lack a review that
examines older adults’ eHealth learning and use in real home
settings and in a rural context from users’ perspectives. The
purpose of the present review is to fill this gap by focusing on
studies that report barriers and enablers that older adults face
when learning to use and while using eHealth technology and
how older adults are supported during the process. In addition,
what eHealth technology means to older adults in rural and
remote areas was examined. In reviewing relevant studies, this
research seeks to answer the following questions:

1. What barriers and enablers are related to the learning and
use of eHealth technologies in domestication processes
among older adults living at home?

2. How are older adults living at home supported in their
domestication of eHealth technologies?

3. What are the meanings attached to eHealth technologies
for older adults living in rural and remote areas?

Methods

Overview
The methodology follows the standard PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines for studies that evaluate health care research [33].
PRISMA includes a 27-item checklist (Multimedia Appendix
1 [33]) and a 4-phase diagram (Figure 1) to help authors ensure
clarity and transparency. A systematic literature review was
selected “to appraise, synthesize, and summarize” [34] the
literature and determine whether further primary research in the
area is needed. The entire review process was undertaken by 1
author, and there were no additional authors.
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Figure 1. Flow of information through the different phases of the systematic review.

Search Strategy
To begin the search process, the author consulted an information
specialist at her university library regarding search phrases and
relevant databases. A literature search was conducted in January
2020 and included the following international web-based
databases: ProQuest (ERIC—Education Collection, Social
Science Database, Applied Social Sciences Index and Abstracts,
Sociological Abstracts, and Sociology Database), Ebsco
(AgeLine, Academic Search Elite, and CINAHL Complete),
Web of Science (Arts and Humanities Citation Index, Social
Sciences Citation Index, Science Citation Index Expanded, and
Emerging Sources Citation Index), and Scopus (Elsevier).

Relevant articles were found using the search terms specified
in Textbox 1 and their combinations. An example search string
used to search Scopus (Elsevier) can be found in Multimedia
Appendix 2. The search was applied to the field title, abstract,
and keywords. Although the conversions around eHealth began
at the turn of the millennium [6], the review’s start date of 2010
was chosen as there has been a lot of change in health
technologies over the past decade [35]. The initial database
search yielded 3612 papers (n=393, 10.88% from ProQuest,
n=394, 10.91% from Ebsco, n=2767, 76.61% from Web of
Science, and n=58, 1.61% from Scopus). No articles were
included that were identified from sources other than the
abovementioned databases.

Textbox 1. Content and search terms of literature search. During the search, some terms were truncated using “*” so the search considers all the results
including the first part of the word. For example, by searching learn*, the search also considers terms learner and learning.

Content and search terms

• Older people: older, senior, elderly, aged people, old age user, elder

• Rural: rural, remote, sparsely populated area

• Use: education, learn*, competence, digital skill, geragogy, use, reject, active aging, adoption, acceptance, barrier, enabler, facilitator

• Digital technology: online, ICT, information, computer, internet, electronic, techolog*, digital, smart, management tool, virtual, mobile, robot,
tele*, monitoring, assist*, gerontechology, compliance, reminder, dispens*, video, application, device

• Health: health, care, wellbeing, physical, mental, social

• Home: aging in place, independent, home, everyday life, living, daily life, domestication

Study Selection
Figure 1 shows a flowchart depicting how PRISMA was used
to select the studies. All articles were exported to Refworks
(ProQuest), a reference management system that automatically
discards duplicate papers. Of the 3612 papers, the removal
reduced the number of papers to 3115 (86.24%). The remaining

articles were screened for title, abstract, and keywords to select
studies relevant to the research topic. Following the screening
of the 3115 articles, a total of 489 (15.7%) articles were
obtained. The remaining articles were exported to NVivo 12
(QSR International), a qualitative data analysis software, and
the remaining duplicates were manually discarded. Full-text
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articles were then assessed for eligibility based on the
preliminary inclusion and exclusion criteria.

Finally, full-text articles (31/489, 6.3%) that met the following
criteria (Textbox 2) were accepted: published in a peer-reviewed
scientific journal; written in English; published between January
1, 2010, and January 22, 2020; had an empirical study design
aimed at supporting older adults’ use of eHealth technology in
real home settings at the user’s home; completely or partially
focused on technology users’ perspectives; had participants
with a mean age of 60 years; and included participants who

were older adults with or without health conditions. Initially,
the aim was to select studies that included only older adults
aged >65 years, which is a common age limit for older adults
in research [36]; however, because of the low number of studies,
the age range was extended to a mean of 60 years. In addition,
living in rural or remote areas was a planned inclusion criterion;
however, it was modified to living in any area, as not enough
studies met the original criterion. However, one research
question focused only on studies conducted in rural and remote
areas.

Textbox 2. Inclusion and exclusion criteria.

Inclusion criteria

• Academic paper published in a peer-reviewed scientific journal

• Written in English

• Published between 2010 and 2020

• Had an empirical study design aimed at supporting older adults’ eHealth use

• Was located in real home settings at the user’s home

• Had participants with a mean age of 60 years

• Completely or partially focused on users’ perspectives

Exclusion criteria

• Did not include older adult participants

• Was not conducted in real home settings

• Was conducted in a laboratory or included no user experience with eHealth

• Was a review or theoretical study

• Only had a biomedical or technical perspective

Data Exclusion and Analysis
For the final set of full-text articles, a data extraction sheet was
developed (Multimedia Appendix 3 [37-65]). The gathered data
included information on article titles, authors, journals,
publication years, methods, eHealth technologies, target groups,
total number of participants, participant genders and ages,
participants’ area of residence (eg, rural or remote), and
countries of residence. The included articles were analyzed in
NVivo 12 using a qualitative thematic approach guided by the
concepts of domestication and digital competence. In addition,
previous research on the barriers to and enablers of technology
use was used. The author thoroughly read and reread the articles
and identified 154 subcategories that described significant
sentences and phrases concerning the research questions. The
obtained subcategories were clustered into 8 upper-level
categories to produce a more nuanced understanding.

Results

Study Characteristics
The selected 31 articles were published in 29 different journals
representing multidisciplinary research. Of the 31 papers, 16
(52%) were quantitative, 4 (13%) were qualitative, and 11 (35%)
were mixed methods studies. Most studies used >1 method;
only 16% (5/31) used just one method. The most common

qualitative data collection methods were surveys and
questionnaires (20/31, 65%) and technical logs (12/31, 39%).
The most common qualitative data collection methods were
interviews (9/31, 29%) and focus groups (5/31, 16%). The
studies were conducted in the following 12 countries: the United
States (9/31, 29%), Canada (2/31, 6%), Italy (2/31, 6%), Spain
(2/31, 6%), Sweden (2/31, 6%), the United Kingdom (2/31,
6%), France (1/31, 3%), Germany (1/31, 3%), Ireland (1/31,
3%), Lebanon (1/31, 3%), Norway (1/31, 3%), and Switzerland
(1/31, 3%). In 19% (6/31) of studies, the country was not
identified.

The number of participants ranged from 1 to 4380, although
not all were older adults. In all articles, either the mean or
median age and SD or the age range was defined. However, in
studies in which only the SD and mean or median age were
given, it was not possible to strictly count the age of the
youngest and oldest participants. In 90% (28/31) of articles, the
mean or median age of the technology users was ≥60 years, and
in 39% (12/31) of articles, the minimum age was >60 years.
Some articles (6/31, 19%) included technology users aged<50
years, and it was possible to separate them from the older adults
in the findings. This means that the findings were still based on
participants who were aged >60 years or whose mean or median
age was ≥60 years. In 42% (13/31) of articles, most participants
were women, and in 35% (11/31) of articles, most participants
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were men. In 6% (2/31) of papers, female and male participants
were equally represented, and in 16% (5/31) of papers, gender
was not defined.

All participants used eHealth technologies in real home settings.
The eHealth technologies that occurred most frequently were
mobile apps (18/31, 58%), monitoring systems (12/31, 39%),
web-based platforms (11/31, 35%), assistive technologies (2/31,
6%), and ambient awareness technology (1/31, 3%). No eHealth
robots were included in this study. Most technologies were
targeted at older adults with different noncommunicable
diseases. Of those, the largest target groups were cardiac disease
(5/31, 16%), diabetes (3/31, 10%), and cancer (3/31, 10%). In
total, 2 technologies were used for older adults with
polypharmacy issues and 2 for those in palliative care. In 16%
(5/31) of studies, eHealth technologies were aimed at isolated
older adults, and in 13% (4/31) of studies, the technology was
for older adults with depression, anxiety, or apathetic qualities.

In total, 1 eHealth technology was only for healthy older adults,
and 5 were for older adults or adults of any age group in general.
In some studies, the participants were veterans (4/31, 13%), and
in others, they were older family caregivers (4/31, 13%).

Barriers and Enablers in the Domestication Process

Overview
The first research question focused on the barriers and enablers
related to the learning and use of eHealth technologies in the
domestication process among older adults living at home.
Thematic analysis produced 111 subcategories related to these
barriers and enablers. The subcategories were clustered into 4
dimensions of the domestication process [15,17]: appropriation
(40/111, 36%), objectification (10/111, 9%), incorporation
(27/111, 24.3%), and conversion (34/111, 30.6%). A summary
of these findings is presented in Tables 1 and 2.
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Table 1. Summary of the findings concerning the barriers to learning and use of eHealth technologies among older adults (N=31).

Papers, n (%)Dimension of domestication and barriers

Appropriation

eHealth technology

9 (29)Lack of connectivity

8 (26)Technical problems

6 (19)Difficult to use

5 (16)Unclear instructions

4 (13)Cost

4 (13)Technical limitations

3 (10)Difficult to learn to use

2 (6)No feedback

1 (3)Lack of effectiveness

1 (3)Lack of technical device

1 (3)Technology was unexpected

Old age user

17 (55)Health-related difficulties

5 (16)Lack of previous experience

5 (16)Uncertain with the technology

4 (13)Irritation or frustration

2 (6)Lack of motivation or interest

2 (6)Personal factors

2 (6)Fatigue

1 (3)Being intimidated

1 (3)Lack of digital competence

1 (3)Skeptical

1 (3)Unwilling to use the technology

Objectification

Object at home

2 (6)Design

2 (6)Placement in the home

1 (3)Ergonomics

Data protection and security of the eHealth

4 (13)Concerns about security or privacy

2 (6)Lack of reliability

Incorporation

Everyday life

3 (10)Unsuitable for everyday life

3 (10)Time constraints or power dynamics

2 (6)Lack of utility

1 (3)Inappropriate technology

1 (3)Logistical difficulties

1 (3)Not meaningful information

1 (3)Not meaningful service
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Papers, n (%)Dimension of domestication and barriers

1 (3)Technology used only occasionally

Conversion

Social interactions

7 (23)Need for face-to-face contact

3 (10)Lack of support

2 (6)Family relationships

1 (3)Feeling like an outsider

1 (3)Lack of communication

1 (3)Lack of patient–professional communication

1 (3)Shyness

1 (3)unable to use independently

Society and culture

4 (13)Older age

3 (10)Not culturally relevant

2 (6)Living in rural area

1 (3)Lower socioeconomic status

1 (3)Being female
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Table 2. Summary of the findings concerning the enablers of learning and use of eHealth technologies among older adults (N=31).

Papers, n (%)Dimension of domestication and enablers

Appropriation

eHealth technology

18 (58)Usability

13 (42)Personalization or flexibility

9 (29)Familiarity

7 (23)Feedback

3 (10)Accessibility

1 (3)Automated service

1 (3)Novelty effect

1 (3)Offers personal challenge

1 (3)Positive experiences of others

Old age user

14 (15)Satisfaction

4 (13)Confidence or self-esteem

4 (13)Self-efficacy

3 (10)Feeling of success

3 (10)Open-minded

2 (6)Digital competence of the user

1 (3)Interest in electronic devices

1 (3)No feeling of privacy loss

1 (3)Own choice

Objectification

Object at home

2 (6)Placement in the home

1 (3)Design

Data protection and security of the eHealth

2 (6)Technology’s security or safety

2 (6)User privacy

1 (3)Reliability

Incorporation

Everyday life

10 (32)Suitable for everyday life

8 (26)Service provided educational information

7 (23)Active part of user’s own care, self-care

7 (23)Playful

7 (23)No logistical barriers

6 (19)No temporal barriers

6 (19)Improve quality of daily life

6 (19)Useful service

5 (16)Increased security

4 (13)Systematic use of the technology

3 (10)Extends one’s own habitat
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Papers, n (%)Dimension of domestication and enablers

3 (10)Healthier lifestyle

3 (10)Meaningful service

3 (10)No financial barriers

2 (6)Brings joy

2 (6)Fewer clinical visits

2 (6)Technology provides freedom

1 (3)Helpful

1 (3)Not in a hurry

Conversion

Social interactions

27 (87)Support practices

10 (32)Social connectedness and belonging

9 (29)Patient–professional communication

4 (13)Visual contact

3 (10)Shared experience

2 (6)Face-to-face meeting

2 (6)Group assignments

2 (6)Social comparison

1 (3)Feeling less lonely

1 (3)Individual attention

1 (3)Loneliness

1 (3)Relationship with technology

Society and culture

8 (26)Cost-effectiveness

4 (13)Cultural relevance

2 (6)Supports independence

2 (6)Feeling of being equal

2 (6)Being female

1 (3)User feels like an active citizen

1 (3)Being considered cool

1 (3)Educated or employed

1 (3)Older age

Appropriation
Of the 31 articles, 30 (97%) reported barriers and enablers in
the appropriation phase of the domestication process; this
dimension had more barriers than the others. Older users’
health-related difficulties was the most common barrier in the
appropriation phase and the whole domestication process (17/31,
55%). For example, difficulties included cognitive impairment
or dementia [37-39] and impaired hearing or vision [40,41].
The most common barriers related to the eHealth technologies
themselves were a lack of connectivity (eg, a lack of access to
fast enough internet connections), which was reported in 29%
(9/31) of articles [42,43] and other technical problems, which
were reported in 26% (8/31) of articles [44,45]. The usability

of eHealth technology, which included ease of use, was the
ruling enabler and was reported in 58% (18/31) of studies
[46,47]. Satisfaction was also seen as a significant enabler in
the domestication process and was reported in 45% (14/31) of
studies [53,66]. In addition, personalization or flexibility of
eHealth technology was reported as an enabler in 42% (13/31)
of studies [48,49]. That the technology offered a personal
challenge was reported as an enabler in 3% (1/31) of article
[37]; the article reported that if the tasks proposed in a mental
training system are slightly above users’ capabilities, users’
motivation is increased and training outcomes are improved.
That the technology was unexpected was reported as a barrier
in 3% (1/31) of articles [51], and this refers to users feeling they
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had received a remote monitoring system unexpectedly without
a choice and without knowing what the system was.

Objectification
Objectification was the least-coded dimension, and there was
not a big difference between the different subcategories. The
design of the eHealth technology and its placement in the home
were reported as barriers and enablers. As a barrier, design
referred to the look of a computer [50] and the weight and size
of a remote monitoring system [51]. As an enabler, it was
connected to the range of soundscapes provided to the users in
an interaction radio [52]. In 3% (1/31) of articles [50], it was
found that if a technology is placed out of the way, the placement
can be a barrier to its use; however, if it is placed where the user
spends time, it is used more often. In the Ottenberg et al [51]
study, in addition to the weight and size of the system, wiring
configurations challenged its placement. Furthermore,
ergonomic challenges, such as typing or using a mouse, were
reported as barriers in 3% (1/31) of articles [40], and this was
in the context of a web-based pain management program
designed for older adults with chronic pain. The objectification
dimension also included barriers and enablers related to data
protection and security. Here, the most common barriers were
concerns about security or privacy [39,51,53,54]. The leading
enablers were technology security or safety [38,51] and user
privacy [45,50].

Incorporation
Of the 31 articles, 24 (77%) reported barriers and enablers
during the incorporation phase. As reported in 32% (10/31) of
articles, the most common enabler was that the eHealth
technology was suitable for everyday life of older adults. For
example, this was evident in how users did not actively think
they used the technology [52], were able to use it in a
self-selected environment [38,53], and found that it matched
their needs [55,56]. A total of 2 equally common barriers, each
reported in 10% (3/31) of articles, were that the technology was
unsuitable for everyday life and that there were time constraints
or power dynamics in using it, which means, for example, that
users had scheduling conflicts [38], were busy [41,53], or
expected faster replies via the technology [53]. The reasons the
technology was not suitable for users’ daily lives were that the
users had to change or constrain their behaviors when using it
[52], were busy or on holiday [53], and had experienced a
stressful life event that caused them to disengage with the
service [56].

Conversion
The conversion dimension had more enablers than the other
dimensions. The most common enabler in the conversion phase
and the entire domestication process was support practices,
which was reported in 87% (27/31) of articles. The findings are
presented in detail in the Support Practices During
Domestication section below. Regarding social interactions,
social connectedness and belonging were mentioned as enablers
in the learning and use of eHealth technology in 32% (10/31)
of studies [44,57]. The common barriers related to social
interactions were that older adults had a need for face-to-face

contact [39,51] and felt a lack of support while using the
technology [44,51,58].

Regarding society and culture, cost-effectiveness was the most
common enabler in the conversion phase, as reported in 26%
(8/31) of articles. However, it was almost never reported from
a user’s perspective and was more society driven, providing
“huge savings in clinical costs” [59], “significant saves in the
health budgets” [60], and “suggesting a cost reduction for the
health care system” [46]. In addition, in 13% (4/31) of articles,
cultural relevance was noted as an enabler, which means, for
example, that the users could incorporate their religious or
spiritual perspectives into the service [48] or that televisions
were used as devices, as they were best integrated into the older
adults’ lives [37,59].

In addition, older age and being female were reported as
enablers and barriers in different articles. For example, 3%
(1/31) of articles [60] reported that women needed more
assistance using a mobile health app than men, and in 6% (2/31)
of articles [53,67], women were more active eHealth technology
users than men. Older age was mainly seen as a barrier in cases
where older adults needed more help using the technology [60]
or used it less than younger people [60-62,67]. However, in 3%
(1/31) of articles [60], older patients reported greater
improvements in several measures than younger patients. In
3% (1/31) of articles [62], it was reported that a lower social
class reduced the prevalence of eHealth technology use.

Support Practices During Domestication
To understand how older adults were supported while
domesticating eHealth technologies, the thematic analysis
produced 25 subcategories related to their learning to use and
the use of technology. The subcategories were clustered into
two upper-level categories: social network support (22/31, 71%)
and nonsocial support (3/31, 10%). Of the 31 articles, 27 (87%)
reported that support was provided to users during the
domestication process [15,17].

Social Network Support
Social network support was provided in 87% (27/31) of articles.
During the learning process at the beginning of domestication,
face-to-face support was more common than long-distance
support. Face-to-face support was provided to users in 45%
(14/31) of articles and long-distance support in 13% (4/31) of
articles. The most common way to teach older adults was a
training session, which was used in 42% (13/31) of articles.
Training sessions were used to introduce the users to the use of
the technology, and it could happen either at users’ homes
[45,47] or in a clinical setting [38,47]. The training was usually
given by technical staff [59], health care professionals [49,63],
or the researcher of the study [53]. Long-distance support was
more common than face-to-face support after initial training.
Long-distance support was provided to users in 39% (12/31) of
articles and face-to-face support in 10% (3/31) of articles.
Long-distance support was mostly provided via phone, and it
was mainly related to technical issues [59] or questions related
to the study [61], although it also took the form of consultation
with a health care professional [42] or communication with a
peer [38]. In some articles, it was not possible to identify
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whether social network support was face-to-face or
long-distance.

During the domestication process, eHealth technology users
distributed their digital competence [13,14] with the following
members of social networks: spouses, grandchildren, other
family members and relatives, family caregivers, peers, friends,
health care professionals, coaches, researchers, technical staff,
and proctors. Social networks expanded as the domestication
process went further. Digital competences were most commonly
distributed among health care professionals, such as nurses,
therapists, and social workers. This was reported in 48% (15/31)
of articles [42,44]. Second, technical staff was mentioned in
23% (7/31) of studies [39,63].

Nonsocial Support
Nonsocial support practices in the learning process were written
instructions [37,47,49,57,63], video instructions [53], and
diaries [52]. Users owned their diaries before engaging in the
study, and their use to support learning was not planned
beforehand. Nonsocial support practices were not defined after
users passed the introduction phase; however, in 3% (1/31) of
articles, users were encouraged to “access the video at any time
during the trial” [53]. None of the articles reported the provision
of only nonsocial support. Nonsocial support was always
connected to social network support.

Meanings of eHealth in Rural and Remote Areas

Overview
The focus of the third research question was on the meanings
attached to eHealth technologies for older adults living in rural
and remote areas. The terms rural, remote, and sparsely
populated area were used to search the databases (Textbox 1)
for this literature review. However, in only 55% (17/31) of
articles, every participant (12/17, 71%) or part of the participants
(5/17, 29%) lived in rural or remote areas. The minimum amount
of rural or remote participants per selected article was 13.29%.
The thematic analysis produced 17 subcategories of meanings
attached to eHealth technologies for older adults living in rural
and remote areas. The subcategories were clustered into 2
upper-level categories: needed for rural and remote areas (13/17,
76%) and source of inconvenience and concern (4/17, 24%).
The articles defined rural and remote areas as underserved areas
with limited access to health care.

Needed for Rural and Remote Area
Of the 17 articles, 14 (82%) reported that different eHealth
technologies, such as home telehealth monitoring and
videoconferencing for consultation, were needed in rural and
remote areas. A total of 2 meanings clearly stood out: first, 71%
(12/17) of articles [40,56] reported that eHealth technologies
facilitate access to health care services for older rural adults;
second, 65% (11/17) of articles [48,64] reported that there are
no logistical barriers to health care services when older rural
adults use eHealth technology at home. Other, less commonly
reported meanings were no temporal barriers [61], no financial
barriers [48], supports relationship with care provider [64], no
physical or physiological stress [39], ability to support rural
caregivers [42], reduces boundaries of home [50], reduces

feelings of isolation [44], ensures equal access to health care
services [41], increases feelings of security [44], no
weather-related barriers [39], and permits religious or spiritual
inclusion [48].

Source of Inconvenience and Concern
Although eHealth technology was principally seen as needed
for rural and remote areas, 24% (4/17) of articles identified
sources of inconvenience and concern. Here, the most commonly
coded meanings are related to internet connectivity and use.
Approximately 18% (3/17) of studies reported that rural areas
lack access to high-speed internet [40,42,61]. Approximately
12% (2/17) of studies [42,61] noted cultural differences
regarding internet use in rural areas compared with urban areas.
Older adults in rural areas are still uncomfortable using the
internet. Approximately 6% (1/17) of studies [45] reported that
living in rural areas required additional equipment, such as
“protectors to protect equipment,” and rural participants had to
learn how to reset the technology “to decrease the need for
providers to make a home visit specific to technical support.”
The latter was the only meaning assigned to learning to use
eHealth technology in rural areas.

Discussion

Principal Findings
To advance the understanding of older adults’ (aged ≥60 years)
eHealth learning and use during its domestication, a systematic
literature review of 31 empirical studies published between
2010 and January 2020 was conducted. The aim was to
summarize the literature on the barriers and enablers that older
adults encounter when learning to use and using eHealth
technology and how they are supported in real home settings.
The main targets were rural and remote older adults. The key
findings of this review confirmed that social networks
supporting older adults are important enablers for learning how
to use and using eHealth technology. In addition, this review
revealed that health-related difficulties often prevent older adults
from domesticating eHealth technologies. Various eHealth
technologies have been reported as necessary for older adults
in rural and remote areas, although some sources of
inconvenience and concern related to internet connectivity and
use were found.

One of the goals of this review was to find out which barriers
and enablers are related to learning how to use and using eHealth
technologies in the domestication processes among older adults
living at home. The findings were divided into 4 dimensions
(appropriation, objectification, incorporation, and conversion)
of the domestication process [15,17]. The barriers and enablers
are in line with previous similar systematic reviews [24,26].
The accessibility of support and training, usability of the
technology, and its suitability for daily life were also stressed
in the present review. However, for example, concerns regarding
the cost or importance of motivation to use eHealth technologies
were not key factors in this review. There was a significant
difference between the number of reported barriers (n=48) and
enablers (n=63), with enablers being more common. This may
be because of a desire to highlight the benefits of eHealth
technology in a study, even if unintentionally. The appropriation
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dimension had the most barriers, which suggests that the first
phase of domestication is critical. Previous research [68,69] has
expressed that access and support for older adults using
technology, especially in the early weeks of its domestication,
may be the most important factor in successful technology
adoption. Overall, the studies focused less on the learning
process than on the use of technology.

In addition, this systematic review asked how older adults living
at home are supported during the domestication of eHealth
technology. In most cases, older adults distributed their digital
competences with their social networks, which supported the
domestication of eHealth technology. The social network
included warm experts who are “nonprofessional persons who
help inexperienced users come to terms with digital devices”
[70], such as family members and peers. The network also
included formal personnel, such as health care professionals
and technical staff. Previous qualitative research related to
eHealth learning and use [71] has underlined that there is a need
to clarify the role of peer-to-peer support in the domestication
of technology. This study revealed that peer-to-peer support has
its place in the digital health technology context [38,44,52] as
well as in other settings [14]. However, health care professionals
were found to be the ones with whom digital competences were
most often distributed; therefore, this review argues that digital
competences related to eHealth learning and use are not only
technical skills but also knowledge and skills related to health
care, which is why health care professionals are also needed to
support eHealth technology users.

This review’s final aim was to better understand the meanings
attached to eHealth technologies for older adults living in rural
and remote areas. Although the literature includes few studies
set in rural and remote areas, this review confirms that eHealth
technologies are needed in rural and remote areas for several
reasons. eHealth technology is seen as solving many problems
related to limited access to health care services, such as
logistical, temporal, financial, and weather-related barriers. In
addition, eHealth technologies can foster a sense of belonging
in older rural residents by reducing feelings of isolation and by
connecting them with peers or care providers. Previous research
has also shown that ICT services can reduce social isolation
and promote social connectivity in older adults experiencing
physical and cognitive decline or living in remote areas
[3,72,73]. However, the use of eHealth technology in rural and
remote areas is hampered by the lack of high-speed internet
connections and older adults’ lack of comfort in using ICTs.
These issues are targets for future development. The findings
of this systematic review confirm that the use and nonuse of
eHealth technology are related to its fit in older adults’
technology-related cultural understanding and the context in
which people act and live [13,14].

This review reveals several gaps that suggest directions for
future research. First, a stronger focus on older adults’ learning
processes is required in research on the domestication of eHealth
technology. In the literature search, numerous articles focused
only on older adults and the use of eHealth technology from a
biomedical [74] or technical perspective [75]. They were
excluded from the review as they did not focus on the user’s
point of view. Burholt and Dobbs [2] also found that research

on rural aging is dominated by a biomedical perspective. Second,
as this review confirmed, eHealth technology is needed in rural
and remote areas. Therefore, more studies in these settings are
required to better understand the processes of domesticating
eHealth technology among older rural residents. Third, research
efforts in eHealth technology studies in real home settings are
limited. Several studies were excluded from this review as they
focused on a communal dwelling [76] or nursing home [77],
although the aim of the care policies is aging in place [10],
which may be because it is easier to reach older adults and
conduct research in organized environments. Finally,
methodologically, studies on the domestication of technology
were mostly qualitative, and mixed methods studies were most
common [18,78]. However, the studies reviewed here were
mainly quantitative. Therefore, future qualitative studies on this
topic should include the voices of older adults. Furthermore,
by the time this review is published, new papers relevant to this
topic will have also been published. Therefore, new systematic
literature reviews should be regularly conducted on the topic
of eHealth knowledge and use among older adults living at
home in rural and remote areas.

Limitations
This review has several limitations. First, as there was only 1
reviewer involved, this review’s quality and reliability were
somewhat weakened. Additional reviewers would have
challenged the decisions made by the author. Second, although
the selected studies were conducted in 12 countries, Western
countries and English-speaking countries dominated, and studies
not written in English were excluded. As noted in earlier reviews
[30], this may create a bias by, for example, basing the findings
mainly on reports from Western cultures. Furthermore, despite
this review’s intent, not all the studies were set in rural and
remote areas, and therefore, its findings cannot be directly
adopted in rural and remote contexts, with the exception of
those of the third research question. The search included a
comprehensive variation of health- and technology-related
search terms (Textbox 1). The search terms did not include
common abbreviations, such as eHealth and mHealth. However,
these absences did not likely have a significant effect on the
results. In addition, health technologies develop rapidly [35];
therefore, this review’s start date of 2010 may seem distant.
However, a 10-year period is commonly used in qualitative
reviews of eHealth technology [14,29]. As noted by Vuojärvi
[79], “although technologies change rapidly, people and the
ways technologies are used in everyday lives, and particularly
in the learning process, do not necessarily do so.”

Conclusions
This literature review provides information and practical
implications for designers, health care providers, and policy
makers. eHealth technology targeted at older adults should be
easy to use, and adequate support and training should be
provided to users [25,80]. There are plenty of barriers that
prevent older adults from ably and independently using eHealth
technologies at home. Special attention should be paid to the
most common barriers to learning how to use and using eHealth
technologies: health-related difficulties, lack of internet
connectivity, and other technical problems. We would like to
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emphasize the importance of considering older adults’ social
and cultural practices when designing and implementing eHealth
technologies. Social network support and technology integration

into everyday life in rural areas contribute to a successful
domestication process.
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Abstract

Background: Across eHealth intervention studies involving children, adolescents, and their parents, researchers have measured
user experience to assist with intervention development, refinement, and evaluation. To date, no widely accepted definitions or
measures of user experience exist to support a standardized approach for evaluation and comparison within or across interventions.

Objective: We conduct a scoping review with subsequent Delphi consultation to identify how user experience is defined and
measured in eHealth research studies, characterize the measurement tools used, and establish working definitions for domains of
user experience that could be used in future eHealth evaluations.

Methods: We systematically searched electronic databases for published and gray literature available from January 1, 2005, to
April 11, 2019. We included studies assessing an eHealth intervention that targeted any health condition and was designed for
use by children, adolescents, and their parents. eHealth interventions needed to be web-, computer-, or mobile-based, mediated
by the internet with some degree of interactivity. We required studies to report the measurement of user experience as first-person
experiences, involving cognitive and behavioral factors reported by intervention users. We appraised the quality of user experience
measures in included studies using published criteria: well-established, approaching well-established, promising, or not yet
established. We conducted a descriptive analysis of how user experience was defined and measured in each study. Review findings
subsequently informed the survey questions used in the Delphi consultations with eHealth researchers and adolescent users for
how user experience should be defined and measured.

Results: Of the 8634 articles screened for eligibility, 129 articles and 1 erratum were included in the review. A total of 30
eHealth researchers and 27 adolescents participated in the Delphi consultations. On the basis of the literature and consultations,
we proposed working definitions for 6 main user experience domains: acceptability, satisfaction, credibility, usability, user-reported
adherence, and perceived impact. Although most studies incorporated a study-specific measure, we identified 10 well-established
measures to quantify 5 of the 6 domains of user experience (all except for self-reported adherence). Our adolescent and researcher
participants ranked perceived impact as one of the most important domains of user experience and usability as one of the least
important domains. Rankings between adolescents and researchers diverged for other domains.

Conclusions: Findings highlight the various ways in which user experience has been defined and measured across studies and
what aspects are most valued by researchers and adolescent users. We propose incorporating the working definitions and available
measures of user experience to support consistent evaluation and reporting of outcomes across studies. Future studies can refine
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the definitions and measurement of user experience, explore how user experience relates to other eHealth outcomes, and inform
the design and use of human-centered eHealth interventions.

(J Med Internet Res 2021;23(12):e25012)   doi:10.2196/25012

KEYWORDS

eHealth; internet; design; development; user experience; health care; scoping review; Delphi

Introduction

Background
Over the past 15 years, the number of eHealth interventions
available for use by children, adolescents, and their parents has
grown considerably. A commonly used approach to eHealth
intervention development involves human-centered design (also
known as patient- or user-centered design) [1,2]. This approach
includes the active participation of intervention users—children,
adolescents, and parents—in the intervention design and
development process. By including user perspectives and input
into intervention design, the likelihood that an intervention will
be easy to use and be compatible with the user and their
individual context, and therefore deemed useful, is improved
[3-5]. More recently, the importance of users’ involvement in
intervention evaluation has been recognized, with measures of
user experience included in evaluations to identify whether and
how an eHealth intervention meets the preferences and needs
of the users. Understanding user experience can more or less
reflect the quality of human-centered design principles
associated with an intervention.

The term user experience initially arose in the field of
human-computer interaction and technology design and was
broadly defined as, “a person’s perception and responses that
result from the use or anticipated use of a product, system or
service” [6]. To date, across eHealth studies, a wide range of
definitions and concepts have been used to evaluate user
experience, such as satisfaction, acceptability, adherence,
engagement, and usability, with an eHealth intervention [7-14].
Similarly, user experience data collection methods have also
varied, such as with the use of self-report questionnaires,
in-person or telephone-based interview guides, or different types
of automatic data capture of users’ interactions with an
intervention [15]. These variations suggest that user experience
may be a multidimensional concept with several important
constructs to define and measure within an eHealth intervention,
and a consensus among researchers is yet to be reached. Similar
to how the need to define, standardize, and measure adherence
has been mounting in recent years [16,17], a need to converge
on a common understanding of user experience is also becoming
more apparent. A set of accepted domains, definitions, and
evaluation measures used in eHealth intervention development
and evaluation would benefit children, adolescents, and parents
by allowing them to compare user experiences between multiple
interventions and inform decisions about their own eHealth
intervention use. These accepted approaches would also provide
guidance to researchers in the eHealth field and allow for
continued advancement and improvement of the study of user
experience and other eHealth outcomes (eg, intervention
effectiveness, user safety, and user empowerment), intervention

design components (eg, content and technological features),
and factors that can influence the intervention experience of
users (eg, context of use and user expectations).

This Study
This study involves two phases: a scoping review and Delphi
consultations. Our decision to conduct a review plus consultation
reflects a hermeneutic position that user experience cannot be
fully understood without examining it in its current context
(existing literature) and the meanings attributed to it (Delphi
consultations). The scoping review includes diverse literature
to identify how user experience has been defined and measured
in eHealth research studies of children, adolescents, and parents.
These findings subsequently informed the development of
surveys used in the Delphi consultations with eHealth
researchers and adolescent users of an eHealth intervention,
which focused on establishing a working definition of user
experience (and the domains that it may encompass) and
developing recommendations for measuring user experience in
future evaluations of eHealth interventions.

Methods

Study Design
We followed the scoping review framework proposed by Arksey
and O’Malley [18] with a Delphi consultation recommended
by Levac et al [19]. Reporting of the review adheres to the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) Extension for Scoping Reviews checklist
[20]. The consultation exercise followed synthesis of findings
from the literature. Approvals from the Health Research Ethics
Board at the University of Alberta and Human Research Ethics
Committee at the University of Southern Queensland were
received for the Delphi consultation. The approved study
protocol is available upon request.

Development of the Search Strategy
The search strategy (Multimedia Appendix 1) was developed
using an iterative process. First, we developed a list of search
terms using key concepts and terms from a convenience sample
of indexed studies published in various years that examined
user experience with an eHealth intervention. A research
librarian provided input on appropriate filters, such as Medical
Subject Headings terms, and modified these terms to comply
with different databases. For this review, we were interested in
identifying both published and unpublished English language
studies of user experiences, and we sought to include studies
made available between January 1, 2005, and April 11, 2019.
We included the literature published since 2005 to focus on
contemporary studies of eHealth technologies (eg, mobile apps,
desktop-based, and multisession or single-session interventions).

J Med Internet Res 2021 | vol. 23 | iss. 12 | e25012 | p.27https://www.jmir.org/2021/12/e25012
(page number not for citation purposes)

Newton et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/25012
http://www.w3.org/Style/XSL
http://www.renderx.com/


The search terms and parameters were tested for sensitivity,
determined by whether the search strategy successfully filtered
the 63 citations that were manually selected a priori (see
Multimedia Appendix 2 for the list of test citations). We then
conducted 2 rounds of preliminary screening to further refine
the strategy. The finalized search strategy was peer-reviewed
before implementation.

Search Strategy
We identified studies from the following databases: Ovid
MEDLINE, PsycINFO, CINAHL, EBM Reviews (Cochrane
Database of Systematic Reviews, ACP Journal Club, Database
of Abstracts of Reviews of Effects, Cochrane Central Register
of Controlled Trials, Cochrane Methodology Register, Health
Technology Assessment, and NHS Economic Evaluation
Database), Cochrane Central Register of controlled trials, and
ClinicalTrials.gov. We searched Google Scholar from January
2005 to April 2019 and conference proceedings of the
International Society for Research on Internet Interventions
from January 2016 to April 2019, as there are no archives of
International Society for Research on Internet Interventions
previous to 2016. We reviewed the reference lists from reviews
(systematic, narrative, etc) to identify additional, potentially
relevant studies.

Criteria for Considering Studies for the Scoping
Review
We included studies of any design that assessed user experience
with an eHealth treatment or prevention intervention designed
for children or adolescents (aged ≤19 years). Studies with a
sample that contained young adults could be included in the
review if the mean age of participants was reported to be ≤19
years. eHealth interventions could target any health condition
but needed to be web-, computer-, or mobile-based, mediated
by the internet and include some degree of interactivity. Studies
of telehealth interventions were not included. Studies could
assess the eHealth user experience of children, adolescents, or
parents. Given the wide range of pre-existing definitions and
measurement approaches used to evaluate eHealth intervention
user experience, multiple domains could be included in the user
experience evaluation, such as cognitive factors (ie, beliefs,
attitudes, and intention; such as satisfaction and acceptability
of the intervention) or behavioral factors (ie, how the
intervention was used, such as self-reported adherence to and
engagement with the intervention) related to the use of an
eHealth intervention. To be included, studies needed to report
the measurement of user experience as first-person experiences
reported by eHealth intervention users (parents, children, and
adolescents). Studies that only reported indirect user data (ie,
proxy report by a parent whose child used a program and
intervention metadata [number of sessions completed]), which
do not reflect the user’s subjective experience, were excluded.
Studies also needed to detail the evaluation measures (eg, tool,
instrument, or interview questions) used to collect user
experience data so that we could identify how user experience
was defined and measured. Studies that did not detail evaluation
questions but referenced an original publication of the evaluation
measure were included if we could obtain the referenced
publication to extract information.

Screening for Article Eligibility
We organized and screened identified studies using EndNote
(Clarivate Analytics) bibliographic management software. In
pairs, 3 reviewers (authors NDG and AKR and review
contributor Marcus O’Neill) independently screened the title
and abstract of articles, classifying each as relevant, irrelevant,
or unclear using the predetermined inclusion and exclusion
criteria. To assess the clarity of the criteria for each reviewer
during screening, we calculated the interrater agreement for
screening outcomes for the first 100 articles using the κ statistic
[21]. The agreement was substantial (κ=0.61). We wanted
interrater agreement to be ≥0.80, indicating an almost perfect
agreement [22], so reviewers met to review the screening criteria
alongside the articles for which they disagreed and sought
consensus on the screening outcome for each article. Agreement
increased to almost perfect (κ=0.81) for the next set of 100
articles and therefore the screening progressed. At this point,
reviewers divided the remaining articles to be screened. Articles
screened as relevant or unclear underwent independent screening
and discussion by each reviewer pair to determine study
inclusion or exclusion. The reviewers contacted the primary
authors of 9 articles when additional information was needed
to determine eligibility. The reviewers documented the articles
that were excluded after full-text review to ensure transparency
and replicability.

Data Extraction

Process
Data were extracted into a standardized spreadsheet. The
spreadsheet underwent pilot testing with 3 independent
reviewers (authors NDG and AKR and review contributor MO)
who extracted data from the first 5 included studies to ensure
that the spreadsheet was adequate in scope and that consensus
was achieved on data categorization. Subsequently, each
reviewer extracted data from one-third of the remaining included
studies. Each reviewer verified the accuracy and completeness
of the other reviewers’ respective thirds. Data extraction
discrepancies were resolved through consensus and third-party
consultation (author ASN). Corresponding authors were
contacted when reporting was unclear or details were lacking
in the article.

Data Extracted for Analysis
We extracted the following information from the studies:

1. General information on participants (age [range] and
intervention [user or respondent]) and the eHealth intervention
(name, mode of delivery, target population or health condition
and duration or frequency).

2. How first-person user experience was defined in studies,
which included looking for definitions and terms of
user-reported experiences as well as extracting individual
questions used to measure user experience. We then compared
author-reported user experience definitions to a priori definitions
and the identified measures were categorized into 6 domains:
satisfaction, acceptability, credibility, impact, adherence, and
use. The domains were based on a preliminary literature review
of user experiences in eHealth studies that was conducted by
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one of the authors [23]. All tools fit into one or more of the 6
domains. The original working definitions for the 6 domains
are presented in Multimedia Appendix 3.

3. Major characteristics of the evaluation measures used to
assess user experience, including its purpose and scope, delivery
time points, type of respondent (child, adolescent, or parent),
administration approach (web-, telephone-, or paper-based or
face-to-face interview), the number of items and item-response
format (eg, Likert scale or open-ended questions), and any
notations by study authors regarding limitations of the evaluation
measures and recommendations for future measurement or
evaluation.

4. Information on the measure’s psychometrics was extracted,
if available, including information on measure validity (face,
content, construct, or criterion), reliability (internal consistency,
interrater, or test-retest), and findings from a factor analysis. In
studies where an evaluation measure was referenced, the original
reference was reviewed and psychometric data were extracted,
if available.

Quality Assessment
Two independent reviewers (NDG and AKR) assessed the
quality of the evaluation measures reported in the studies and
met to resolve discrepancies through consensus. The reviewers
used 3 criteria developed by the Society for Pediatric Psychology
Assessment Task Force [24]. The first criterion was the
availability of details on the instrument or measure to allow
evaluation and replication. This involved the reviewers
confirming whether a measure was available for review in
published or gray literature; study authors could have also
included their measure as supplementary material to their
publication. The second criterion concerned the availability of
reliability and validity data for the instrument or measure. This
could include psychometric data (eg, for surveys or rating scales)
and data from pilot testing (eg, face and content validity or
interview guide reliability for author-developed interviews).
The third criterion, use of the instrument or measure by multiple,
independent investigative teams as described in peer-reviewed
articles, necessitated the measure or tool (including a qualitative
interview guide) to have been used by more than one group.

Using the abovementioned criteria, measures were classified
into 4 categories: well-established, approaching
well-established, promising, or not yet established. We rated a
measure as well-established if we could identify 2 peer-reviewed
articles with very good detail of the measures and good to strong
or excellent published information on both validity and
reliability. We rated a measure as approaching well-established
if we could identify 2 peer-reviewed articles with very good
detail of the measure and with published information on validity
or reliability either missing or presented in vague or poor to
moderate values. We rated a measure as promising if we could
identify 1 peer-reviewed article with sufficient detail of the
measure (eg, some, but not all of the questions present) and
with published information on validity or reliability either
missing or presented in vague or poor to moderate values.
Although not included in the original task force rating scheme,
we rated a measure as not yet established if we could identify
1 peer-reviewed article with sufficient detail of the measure but

with published validity or reliability information not available.
The quality of validity and reliability data were interpreted using
a guide presented by Phillips et al [25] (Multimedia Appendix
4).

Data Analysis
Evidence tables and a bar graph were developed to aggregate
findings into descriptive and thematic summaries [5].
Descriptive summaries include information on study, participant,
and eHealth intervention characteristics, user experience
measures, and related psychometric statistics. Thematic
summaries include grouping measures according to the quality
assessment categories used to define the measures:
well-established, approaching well-established, promising, or
not yet established.

Delphi Consultation Process
The Delphi consultation phase of the scoping review was a
stepwise process involving multiple, structured rounds of
surveys to gain consensus [26-28] on how user experience
should be defined and measured.

Participants
We sought input from 2 groups of individuals: researchers of
the studies included in our review who had published eHealth
intervention user experience evaluations and adolescents (aged
16-18 years) currently using an eHealth intervention.

We identified and contacted researcher participants using the
published email contact information of lead or corresponding
authors of studies included in the scoping review. We used
snowball sampling so that contacted authors could also
recommend colleagues with relevant expertise who may be
interested in participating [26]. Each potential participant
received an email invitation to participate along with an
information sheet describing the Delphi consultation; those who
completed the survey were considered to have given implied
consent. The Delphi consultation with researchers was held over
7 months between September 2019 and March 2020.

For practical and feasibility reasons, we recruited adolescent
participants among current users of an evidence-based eHealth
intervention, the web-based BRAVE Self-Help program [12,29],
who had previously consented to be contacted for future research
studies. Recruitment involved a pop-up invitation that appeared
when users logged into the BRAVE Self-Help program
throughout a 6-month period from June 7, 2019, to December
10, 2019. Interested participants were directed to an external
site and invited to read a separate information sheet regarding
the study and provide informed consent to participate in the
Delphi consultation. After providing consent on the web,
participants completed a survey that was used for the Delphi
consultation.

Process
The process that we followed with each participant group along
with the response and participation rates is presented in Figure
1. Broadly, each survey included questions that sought
consensus on participants’ opinions on the importance of the
user experience domains and definitions used in the scoping
review (Multimedia Appendix 3), additional domains for

J Med Internet Res 2021 | vol. 23 | iss. 12 | e25012 | p.29https://www.jmir.org/2021/12/e25012
(page number not for citation purposes)

Newton et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


consideration, and the appropriateness of measures used across
eHealth studies of user experience. Consensus on responses to

each survey question was defined as having ≥80% agreement
[26].

Figure 1. Delphi consultation process. REDCap: Research Electronic Data Capture.

Survey Development and Scaling
Our team pilot-tested the surveys used in round 1 for both
participant groups. We reviewed each survey for face validity,
clarity, cohesiveness, flow, and completion time and made
changes as needed (eg, modifying the wording of questions and
changing the order of questions).

Researcher participants were first asked questions regarding
their demography (age, gender, professional position, country
of residence, and experience in developing and measuring user
experience) followed by a series of questions on their level of
agreement with the preliminary definitions of the proposed user
experience domains (satisfaction, acceptability, credibility,
impact, adherence, and use); initial definitions were based on
a preliminary literature review that informed this scoping review
as having accepted definitions or domains for measuring user
experience. In round 1, an open text box for respondents to
provide text supporting their answers was included. We
originally wanted to survey participants for their opinions
regarding the appropriateness of the user experience measures

used across eHealth as well as findings from the review itself.
We used a 6-point Likert scale ranging from strongly agree to
strongly disagree to measure participants’ level of agreement.
In round 1, we also included an open text box for suggestions
and comments regarding proposed definitions of identified
domains and for those domains not identified in the survey. For
proposed domains that could be measured at multiple time
points, we also asked participants to indicate their preferred
timing of measurement (before, during, or after the intervention).
Researcher participants were then asked to rank the importance
of the domains relative to one another using a 6-point Likert
scale ranging from most important to least important when
measuring user experience. Participants were also asked in both
rounds to indicate the importance of studies to measure user
experience; however, we realized that definitions would need
to be determined before this could occur.

Adolescent participants were asked questions regarding their
demography (age, gender, and frequency of using web-based
health interventions) followed by questions on their level of
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agreement with how important it is for researchers to ask them
about each of the 6 user experience domains when using an
eHealth intervention. Given the complexity and technical nature
of the domains presented, adolescents were provided with lay
descriptions of each of the domains and asked to rate how
important they felt each domain was rather than commenting
on the definition (as we did with the expert researcher sample).
In this way, adolescents were able to provide input into the
domains that were most important from their perspective. We
used a 6-point Likert scale ranging from extremely important
to not at all important to measure participants’ level of
agreement and also included an open text box in round 1 so that
participants could identify reasons for why they felt a particular
domain was important or not. Adolescent participants were then
asked to rank the importance of the domains relative to one
another from most important to least important. In round 1, an
open text box was available for adolescents to add any other
comments they had on the presented domains and any other
aspects of user experience they thought were important or
missing.

Consultation Rounds
We conducted independent Delphi consultations with each
participant group—2 rounds with researcher participants and 2
rounds with adolescent participants—using a survey tailored to
each group. The same participants participated in both rounds
as the intent was to gain consensus (agreement) within the 2
participant groups. Given the nature of the questions being
asked, we felt that 2 rounds were sufficient to capture
participants’ opinions. In round 2, we presented the summary
of responses for survey questions where consensus was not
achieved in round 1 or where comments and feedback for a
survey question necessitated further clarification. This approach
allowed each participant in round 2 to express their opinion
after observing and reflecting on the opinions of other
researchers or adolescents. The purpose of this approach was
to decrease the degree of dispersion or increase the degree of
consensus in participants’ answers. The consultation exercise
concluded after 2 rounds irrespective of whether consensus was
reached on all survey items.

We used REDCap (Research Electronic Data Capture), a secure
web-based platform [30], to administer the electronic surveys
to researcher participants and the University of Southern
Queensland Survey Tool based on Lime Survey and hosted on
secure University of Southern Queensland servers for adolescent
participants. Participants spent 15-30 minutes (researchers) or
10-15 minutes (adolescents) to complete the survey in each

round. To maximize the response rate for each round,
nonrespondents were sent an email reminder about the survey
after every 7 days until 3 contact attempts had been made.
Participants answered questions anonymously so that individual
opinions did not influence other participants’ opinions [26].
Adolescent participants who completed the surveys were given
the opportunity to enter a draw to win one of the 10 vouchers
valued at Aus $40 (US $28.92) to be drawn at completion of
the study. Researchers who completed the surveys were given
the opportunity to enter a draw to win a CAD $150 (US $118.14)
electronic gift card.

Data Analysis
In round 1, we calculated the response rate for researcher
participants only, as we were not able to determine the number
of adolescent invitees from the open invitation to participate.
In round 2, we calculated the participation rate for both
researchers and adolescents using the denominator from round
1. For both rounds, we generated descriptive statistics
(frequencies and percentages) to determine the level of
agreement (consensus) among participants for each survey
question. This involved grouping the responses at each end of
the Likert scales (eg, grouping strongly agree with agree and
disagree with strongly disagree). We also reviewed the
responses to middle Likert categories (eg, agree/disagree and
slightly agree/slightly disagree) to identify the range of opinions.
Among researcher participants, following round 1, we collated
the open-text answers or feedback on definitions and used this
text to revise the definitions for the domains of user experience.
We revised each domain definition using suggestions from
participants irrespective of whether consensus was reached on
the definition in round 1. The rationale was that the suggestions
added critical details and improvements to each definition. The
revised definitions were then presented for consensus in round
2 during which participants were asked to indicate their level
of agreement with the revised definitions. We used IBM SPSS
(version 26) for all analyses.

Results

Literature Search and Selection
The search strategy identified 8634 unique citations. Of these
citations, 1087 were considered potentially relevant based on
their title and abstract (Figure 2). After full-text review, 129
articles and 1 erratum met inclusion criteria and were included
in the review.
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Figure 2. Literature search flow diagram.

Description of Included Studies
A summary of the general characteristics of 129 eHealth studies
that evaluated user experience is presented in Table 1. Most
studies were published in 2018 (30/129, 23.3%), 2017 (25/129,
19.4%), and 2015 (24/129, 18.6%). The most commonly

measured user experience domains were acceptability, usability,
and satisfaction; this trend occurred across years of publication
(Figure 3). Additional details for each study are presented in
Multimedia Appendix 5 [7-14,31-152], grouped by year of
publication to examine trends in the domains measured over
time.
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Table 1. Summary of the eHealth studies that measured user experience (N=129).

Studies within scoping review, n (%)Characteristics

eHealth usera

26 (20.2)Children aged ≤9 years

118 (91.5)Adolescents aged 10-19 years

25 (19.4)Young adults up to 24 years

33 (25.6)Parents

Type of eHealth intervention

85 (65.9)Web-based

44 (34.1)Mobile-based

11 (8.5)Tablet-based

User experience domain that was measured

86 (66.7)Satisfaction

77 (59.7)Acceptability

17 (13.2)Credibility

66 (51.2)Perceived impact

11 (8.5)User-reported adherence

74 (57.4)Usability

aAge categories defined using World Health Organization definitions [153].

Figure 3. The type and frequency of user experience domains measured across eHealth studies over time. The domains named in this figure reflect the
agreed-on terminology that resulted from the Delphi consultation with researchers.

User Experience Measures
Research teams used 128 unique user experience evaluation
measures in the 129 published studies included in this review.

Details of the quality assessment outcomes using the Society
for Pediatric Psychology Assessment Task Force [24] criteria
are provided in Multimedia Appendix 6
[7-14,31-111,113-121,123-152,154,155]. Of the 128 measures,
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10 (7.8%) were assessed to be well-established measures (Table
2) and 5 (3.9%) were assessed to be approaching
well-established (Table 3). These measures were used in
research studies to primarily capture user experiences related
to satisfaction with and acceptability of eHealth interventions
and program usability and perceived impact of an intervention.
Evaluation measures used in research studies that were assessed
to be promising (13/129, 10.1%) are presented in Multimedia

Appendix 7 [75,90,97,99,107,109,132,136,139,152]. The
remaining 100 measures identified were assessed as not yet
established and primarily represented studies in which
author-developed evaluation questions were used. Information
on evaluation measures used in research studies that were
assessed to be not yet established is available upon request to
the corresponding author.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e25012 | p.34https://www.jmir.org/2021/12/e25012
(page number not for citation purposes)

Newton et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Well-established evaluation measures of user experience.

eHealth studyPsychometric propertiesFormat and administration
features

Measure name and targeted
user experience domain

ReliabilityValidity

[14,31-39]Internal consistency; 10 years of
SUS samples: α=.91 [157];

Two-factor scale [156]; usable (8
items), α=.91; learnable (2 items),
α=.70; overall α=.92

10 items; 4- and 5-point
Likert scales; administra-
tion: paper- and web-based
and telephonic

SUSa; usability

eHealth study sample: α=.86 [31],
α=.95 [32]

[40]Interrater reliability; Portuguese
validation sample [158]: intraclass

Construct validity with PSSUQb

[158]: r=0.70

10 items; 5-point Likert
scale; administration: paper-
based

SUS (Portuguese version);
usability

correlation coefficient=0.36 with
modest agreement between ratings
(76.67%)

[41-44]Internal consistency across 9 stud-
ies [159]: α=.83-.93; eHealth study
sample: α=.92 [41]

Criterion-related validity; other
measures of satisfaction [159]:
r=0.60-0.80

8 items; 4-point Likert scale;
administration: paper- and
web-based

Client Satisfaction Question-
naire 8; acceptability, satis-
faction, and usability

[41]Internal consistency; CEQ valida-
tion across 3 studies [160]: ex-

Two-factor scale [160]: expectancy
(3 items), eigenvalue=3.42; credibil-

6 items; 9-point Likert scale
and 0%-100% scale; admin-
istration: not reported

CEQc; credibility and per-
ceived impact satisfaction

pectancy, α=.79-.90; credibility,
α=.81-.86; overall, α=.84-.85; test-

ity (3 items), eigenvalue=1.53; 2
factors accounted for 82.46% of the
total variance retest reliability, CEQ validation

across 3 studies [160]: expectancy,
α=.82; credibility, α=.75

[7,10]Internal consistency; GEQ devel-
opment sample [162]: α=.81

Five-factor scale; GEQ validation
study [161]: factor 1 (5 items); fac-
tor 2 (7 items); factor 3 (4 items);

33 items; 5-point Likert
scale; administration: web-
based

GEQd; acceptability and
satisfaction

factor 4 (5 items); factor 5 (4 items);
all correlation coefficients >0.30

[45,46]Internal consistency; 5 years of
PSSUQ samples [154]: system

Three-factor scale; correlation coef-
ficients on 5 years of PSSUQ sam-

19 items; 7-point Likert
scale; administration: web-
based

PSSUQ also known as the
Computer Systems Usability

Questionnairee; acceptabili- usefulness, α=.96; informational
quality, α=.92; interface quality,
α=.83; overall, α=.96

ples [154]: system usefulness and
informational quality, r=0.70; sys-
tem usefulness and interface quality,
r=0.70; informational quality and

ty, perceived impact, satis-
faction, and usability

interface quality, r=0.60; factors
scores shared 36% to 50% of the
variance

[47]Internal consistency; SSS develop-
ment samples [163]: youth α=.86;

One-factor scale factor loadingsg

[163]: Youth version, α=.77-.90;
Parent version, α=.71-.83

5 items; 4-point Likert scale
and open ended; administra-
tion: telephonic

SSSf; satisfaction

parent α=.85; eHealth study sam-
ple across different time points
[47]: α=.77-.95

[48]Internal consistency; TEI-SF devel-
opment samples: α=.94 [165],
α=.85 [164]

2 factor scale [164]: acceptability (8
items), α=.49-.93, 57% of total item
variance; discomfort (1 item),
α=.82, 12% of total item variance

9 items; 5-point Likert scale;
administration: paper-based

TEI-SFh; acceptability and
perceived impact satisfac-
tion

[32]Internal consistency; USE develop-
ment sample [166]: α=.98; eHealth

Criterion-related validity [166];
compared with SUS (2 evaluations);

19 items (4 subscales); 7-
point Likert scale; adminis-
tration: web-based

USEi questionnaire; accept-
ability, satisfaction, and us-
ability study sample [32]: usefulness,

α=.90; ease of learning, α=.98;
usefulness: r1=0.60, r2=0.69; ease
of learning: r1=0.71, r2=0.78; ease

ease of use, α=.95; satisfaction,
α=.96

of use: r1=0.78, r2=0.81; satisfac-
tion: r1=0.66, r2=0.71

[41,49]Internal consistency; WAI-SR de-
velopment within 2 samples [167]:

Three-factor scale; correlation with
WAI-SR within 2 samples (S1 and

12 items; 5-point Likert
scale; administration: web-
based

WAI-SRj; credibility and
perceived impact

goal, α=.87 (S1), α=.85 (S2); task,
α=.85 (S1), α=.87 (S2); bond,

S2) [167]: goal (4 items), α=.89
(S1), α=.87 (S2); task (4 items),

α=.90 (S1), α=.85 (S2); overall,α=.87 (S1), α=.90 (S2); bond (4
α=.91 (S1), α=.92 (S2); eHealth
study sample [41]: α=.95

items), α=.86 (S1), α=.84 (S2);
overall, α=.95 (S1), α=.94 (S2)

aSUS: System Usability Scale.
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bPSSUQ: Poststudy System Usability Questionnaire.
cCEQ: Credibility Expectancy Questionnaire.
dGEQ: Game Experience Questionnaire.
eThe Computer Systems Usability Questionnaire and PSSUQ are the same questionnaire; the only difference is that the Computer Systems Usability
Questionnaire wording is appropriate for use in field settings or surveys rather than in a scenario-based usability evaluation [154,155].
fSSS: Satisfaction with Services Scale.
gFactor loading: correlation coefficient for the variable and factor.
hTEI-SF: Treatment Evaluation Inventory-Short Form.
iUSE: Usefulness, Satisfaction, and Ease of use.
jWAI-SR: Working Alliance Inventory: Revised Short form.

Table 3. Evaluation measures assessed to be approaching well-established.

eHealth studyPsychometric propertiesFormat and administration
features

Measure name and targeted
user experience domain

ReliabilityValidity

[50-52]Internal consistency; eHealth study
sample [50]: Child scale, α=.75;
Parent scale, α=.85

Not reported10 items; 5-point Likert
scale; administration: not
reported

Client Satisfaction Scale;
perceived impact and satis-
faction

[53]Internal consistency; SUMI devel-
opment sample [168]: global sub-
scale, α=.92; efficiency subscale,
α=.81; affect subscale, α=.85;
helpfulness subscale, α=.83; con-
trol subscale, α=.71; learnability
subscale, α=.82

Not reported55 items; 3-point Likert
scale and open ended; admin-
istration: paper-based

Standardized SUMIa; accept-
ability, satisfaction, and us-
ability

[54]Internal consistency; WAMMI
development sample [169]: α=.96

Not reported20 items; 5-point Likert
scale; administration: not
reported

WAMMIb; acceptability and
usability

[55,56]Internal consistency; eHealth study
sample [55]: Child scale, α=.82;
Parent scale, α=.81

Not reported for author adaption of
TEI-SF

11 items; 5-point Likert
scale; administration: paper-
based

Author-adapted TEI-SFc;
acceptability and satisfaction

[57]Internal consistency; eHealth study
sample [57]: α=.94

One-factor scale [57]: 69% of total
item variance

7 items; 5-point Likert scale;
administration: web-based

Author-developed question-
naire; acceptability and per-
ceived impact

[58,59]Internal consistency; eHealth study
sample [58]: perceived benefits of
intervention content, α=.92; per-
ceived benefits of the interpersonal
principles in the intervention,
α=.85; ease of use, α=.94; ease of
understanding, α=.96; ease of
reading, α=.97; internal rationale,
α=.96; identification/relevance,
α=.96

Not reported>14 items; 5- and 10-point
Likert scales; administra-
tion: not reported

Author-developed question-
naire; perceived impact and
usability

[60]Internal consistency; eHealth study
sample [60]: user friendliness,
α=.71; utility items, α=.84

Two-factor scale: utility of program
(5 items), 45% of total item vari-
ance; user friendliness of program
(2 items), 21% of total item variance

7 items; 4-point Likert scale;
administration: not reported

Author-developed question-
naire; perceived impact, sat-
isfaction, and usability

[61]Internal consistency; eHealth study
sample [61]: subscales, α=.90 or
higher

Three-factor scale; eHealth study
sample [61]: program evaluation (7
items); program benefits (7 items);
overall satisfaction (3 items); sub-
scales ranged from 1 (negative
evaluation) to 10 (positive evalua-
tion)

17 items; scale type not re-
ported; administration: not
reported

Author-developed question-
naire; acceptability, satisfac-
tion, and perceived impact

aSUMI: Software Usability Measurement Inventory.
bWAMMI: Website Analysis and Measurement Inventory.
cTEI-SF: Treatment Evaluation Inventory- Short Form.
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Delphi Consultation

Overview
In round 1, 30 researchers and 27 adolescents participated. In
round 2, the number of participants decreased to 23 researchers
(23/30, 77% participation rate) and 6 adolescents (6/27, 22%
participation rate; Figure 1). The demographic characteristics

of researcher and adolescent participants are presented in Table
4. Researcher participants were mainly women and employed
in academic positions, and all participants had used a measure
of user experience in their work. In addition, most adolescent
participants were female participants, and most had limited
experience in using eHealth interventions (despite being
currently enrolled in an eHealth intervention for anxiety).
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Table 4. Demographic information about the participants.

Round 2Round 1Characteristics

23 (77)30 (100)Researcher participants, n (%)

43.7 (1.7)42.6 (1.4)Age (years), mean (SD)

Sex, n (%)

20 (87)26 (86.7)Female

3 (13)4 (13.3)Male

Primary role or position, n (%)

13 (56.5)19 (63.3)Academic (professor and lecturer)

5 (21.7)5 (16.7)Scientist (researcher and research fellow)

4 (17.4)4 (13.3)Clinician

1 (4.3)2 (6.7)Trainee (PhD candidate and postdoctoral fellow)

Country, n (%)

3 (13)4 (12.9)Australia

2 (8.7)3 (9.7)Canada

1 (4.3)1 (3.2)Finland

1 (4.3)2 (6.5)Ireland

1 (4.3)1 (3.2)Italy

1 (4.3)1 (3.2)Korea

3 (13)4 (12.9)New Zealand

2 (8.7)2 (6.5)Sweden

1 (4.3)1 (3.2)United Kingdom

8 (34.8)11 (35.5)United States

23 (100)30 (100)Has measured user experience, n (%)

6 (26.1)7 (23.3)Has developed a user experience measure, n (%)

6 (22)27 (100)Adolescent participants, n (%)

N/Aa,b16.44 (0.6)Age (years), mean (SD)

Sex, n (%)

N/A20 (74.1)Female

N/A5 (18.5)Male

N/A2 (7.4)Other

Use of eHealth programs, n (%)

N/A14 (51.9)Never used until the day of the survey

N/A7 (25.9)<once per week

N/A4 (14.8)1-2 times per week

N/A0 (0)3-4 times per week

N/A1 (3.7)5-6 times per week

N/A1 (3.7)≥7 times per week

aN/A: not applicable.
bDemographics for adolescent participants in round 2 were not collected to ensure anonymity as per the research ethics board’s requirements.

Researcher Participants
Over 2 rounds of consultation, researcher participants made
several suggestions for refining the original definition of each
user experience domain. The revised definitions achieved by

round 2 are presented in Table 5 along with the consensus scores
for the definition (the percentage of participants who strongly
agreed or agreed with the definition). Researchers met or
surpassed the threshold for agreement on all definitions except
the definition for perceived impact. Regarding the importance
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of each of the domains to the overall assessment of user
experience in round 1, researchers achieved consensus in their
ranking of credibility as less important to measure relative to
the other 5 domains (80%; Table 6); no other rankings achieved
consensus in this round. Perceived impact was ranked in both
rounds as more important than the other domains, but consensus
(≥80% agreement) was not achieved. Regarding when
assessment of user experience should be conducted, the

responses differed across domains. By round 2, researchers
agreed that eHealth intervention acceptability (87% consensus)
and satisfaction (97% consensus) should be measured after
intervention completion. Researchers were divided on when
credibility should be measured, with equal proportions of
researchers indicating credibility should be measured at all 3
time points (before the intervention: 61%; during the
intervention: 65%; and after the intervention: 61%).

Table 5. Working definitions of user experience domains developed with researcher participants.a

Definition consensus (%)User experience definitionDomain

100Acceptability refers to whether the intervention content, features, and delivery meet user ex-
pectations (eg, relevance, convenience, accessibility, feasibility, appropriateness, appeal [fun,
interesting, and likable], value, engaging, and privacy). These aspects may be different de-
pending on the user (ie, child, adolescent, or parent).

Acceptability

96Satisfaction refers to the user’s overall impression of the intervention and whether it meets
their needs (eg, global satisfaction rating, value for money or time, helpful, whether they would
they use it again or recommend it to a friend, and ratio between expectations and results).

Satisfaction

96Credibility refers to the extent to which the user perceives the intervention to be trustworthy
and has the potential to work (eg, perceived accuracy and quality of information in the inter-
vention and/or evidence base supporting the intervention).

Credibility

87Usability refers to the user’s perceived ease of use of the intervention based on technical
factors (eg, interface/equipment/reminder features or problems) and environmental/personal
factors (eg, content, time, and competing priorities) that impact the individual’s use of the
intervention (eg, frequency).

Usabilityb

83User-reported adherence refers to how and why the user did or did not follow the intervention

or research protocol (eg, completing outcome measures and content) as recommended.d
User-reported adherencec

78Perceived impact refers to the extent to which the user perceives the effect of the intervention’s
impacts (eg, impressions of change in symptom levels and skills and perception of overall
effectiveness).

Perceived impact

aItalics represent additions or changes to the original definition. Domains are listed in descending order of consensus.
bUsability should also be measured in conjunction with objective measures of use (ie, intervention metadata).
cUser-reported adherence should also be measured in conjunction with objective measures of adherence (ie, intervention metadata) and clinician
expectations and adherence to the protocol (if relevant).
dContent removed from the definition.

Table 6. The relative rankings among researcher participants for the importance of the user experience domains across 2 rounds of consultation.

Round 2 (%)Round 1 (%)Domain

Less importantMore importantLess importantMore important

52482773Acceptability

70305743Satisfaction

——a8020Credibility

74265347Usability

74265347User-reported adherence

35653070Perceived impact

aRound 2 not conducted as consensus was achieved in round 1.

Researcher participants’ opinions varied greatly on whether a
universal measure of user experience was needed to enable
direct comparisons between studies of eHealth interventions.
By round 2, a total of 70% (16/23) stated that a universal
measure was extremely or quite important, 22% (5/23) stated
that it was slightly important, and 9% (2/23) stated it was
slightly unimportant. In round 1, a total of 37% (11/30) of the

participants also provided comments. Most stated that although
a universal measure may be impractical given variability across
users’ developmental stage, technology types, and language, a
core set of user experience items would be a valuable addition
to the eHealth field. Participants suggested that other measures
could be added to this core set to obtain intervention-specific
feedback as needed. Moreover, 1 participant pointed out that
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accepted definitions of user experience domains are also
important to ensure that the domains are not used differently
from study to study even if different measures are used to assess
them.

Adolescent Participants
Adolescents were asked to indicate which user experience
domains were important for a researcher to ask them about. In
round 1, adolescents reached consensus that acceptability was
more important for a researcher to ask about compared with
other domains (81% consensus); satisfaction and perceived
impact were indicated as important, but adolescents did not
reach consensus in round 1 (78% consensus for both). After the
second round, adolescents achieved consensus with satisfaction,
credibility, and perceived impact (100% consensus) and usability
(83% consensus) identified as important domains for researchers
to ask about when measuring adolescents’user experience. After
the 2 survey rounds, adolescents remained divided on the
importance of measuring user-reported adherence, with 50%
(3/6) of the participants rating it more important and 50% (3/6)
rating it as less important

When asked to rank the domains in order of importance to one
another (ie, which domains were more important than the other
domains), perceived impact was considered the most important
domain to measure (83% consensus) based on 2 rounds of
consultation. Credibility and acceptability were also ranked
highly and were considered more important than the other
domains, but they did not meet or surpass the 80% threshold to
achieve consensus. User-reported adherence was ranked the
least important domain relative to the others (83% consensus).
Usability (76%) and satisfaction (67%) were also ranked as less
important to measure, although consensus was not reached for
these 2 domains either.

Discussion

Summary of Principal Findings
To our knowledge, this is the first study to review how eHealth
intervention studies have defined and measured user experience,
consult with experts (researchers) as to how user experience
could be defined and measured, and consult with users
(adolescents) as to which domains they considered important
for examining their user experience. In the scoping review, we
made 2 important discoveries: several well-established measures
are available to quantify user experiences and a large proportion
of published eHealth studies did not involve the use of a
well-established measure, with authors having developed user
experience questions specific to their eHealth intervention. Key
findings from our Delphi consultation are the alignment between
researcher and adolescent relative rankings of user experience
domains and the refinement of definitions for the 6 proposed
domains of user experience.

Discussion of Principal Findings
We identified 10 well-established measures available in the
current literature to quantify 5 of the 6 proposed domains of
user experience (satisfaction, acceptability, credibility, perceived
impact, and usability). Therefore, we recommend that eHealth
researchers use an available, well-established measure instead

of developing their own measure to assess these 5 user
experience domains. This approach will allow for between-study
comparisons of user experiences, including whether and how
experiences with similar eHealth interventions are considered
the same or different among users. Not only could such
comparisons help inform parents and their children with their
decisions for which eHealth intervention to use but also findings
across studies could be used by researchers to identify and
understand the relationship between user experience and other
eHealth outcomes (ie, intervention effectiveness and program
adoption or use).

To date, no well-established measure exists for studying
user-reported adherence. This is not surprising, as adherence is
typically measured using intervention metadata, such as the
number of sessions completed and time spent per session. We
propose that in addition to such objective metrics, researchers
measure how and why a user did or did not follow the
intervention or research protocol (eg, completing outcome
measures and content) as recommended or as encouraged by
intervention design. This subjective information can expand the
understanding of metadata—for example, why did the user
complete the number of sessions or outcome measures that they
did. These data could be collected using a set of open-ended
questions designed to be used across studies and tailored, when
needed, to specific interventions, studies, or user profiles.

Definitions of the 6 domains of user experience that resulted
from our international consultation with eHealth researchers
offer a guidepost for new studies of user experience. Although
the proposed definitions may continue to be refined over time
as the eHealth field advances, we see them as an important
cornerstone to user experience measurement. A set of commonly
accepted domains, similar to the efforts to define, standardize,
and measure eHealth adherence [16,17] and engagement
[170,171], can introduce a taxonomy that can be applied across
eHealth studies even if different populations, interventions, and
measures are used. However, it remains unclear, as to whether
a universal measure of user experience would be useful for
researchers. Although 16 of the 23 of the researchers in this
study responded that it is important to use a universal measure,
several concerns were brought forward regarding the challenge
to implementing such an approach. As a follow-up to the results
we reported here, further investigation of the utility and
feasibility of a core set of items and what this core set should
be is needed. It is possible that consideration needs to be given
to how measures can be adapted for different respondents (eg,
parents, adolescents, and clinicians) or different intervention
contexts (eg, open access vs therapist supported). For example,
the findings of this study showed that perceived impact was
rated as important by both the researchers and adolescents;
however, it is entirely possible that each would describe the
desired impact of the intervention in different ways. Further
investigation is necessary to examine how these constructs can
be best assessed using different respondents and contexts.

The Delphi consultations we conducted provide insight into the
value that researchers and adolescents place on the different
domains of a user’s experience with an eHealth intervention.
Both adolescent and researcher respondents ranked perceived
impact as one of the most important aspects of a user’s eHealth
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experience, indicating that whether the user perceives the
intervention to have had an impact on their health is a central
component of user experience. There were also divergent
perspectives, with one the most divergent being researchers’
ranking of satisfaction among the most important domains
compared with adolescents’ ranking of it as less important. At
the core of the definition of satisfaction is an emphasis on
whether an intervention meets a user’s expectations and needs.
From the adolescent point of view, the definition of perceived
impact, which focuses on the impressions of change in symptom
levels and skills or the perception of overall effectiveness, may
have been a more meaningful way to identify whether their
needs would be met, as perceived impact directly links to an
observable or tangible change in their symptoms or behavior
because of the eHealth program. The ranking of credibility also
differed between researchers (lower ranking) and adolescents
(higher ranking). With the choice of eHealth interventions
increasing, as consumers, it is not surprising that adolescents
would place greater priority on credibility as an important aspect
to the selection and use of an eHealth intervention. This
prioritization should be considered by researchers when
developing and marketing their interventions for use.

Usability was considered one of the least important domains of
user experience from the perspective of both adolescent and
researcher respondents. This ranking may reflect the discrepancy
between the more commonly used definitions of usability and
the one proposed in our Delphi consultation. Originating from
the field of computer science, usability is considered a main
design component (design heuristic), similar to aesthetics, user
safety, or data privacy, meaning that a certain degree of
(technical or functional) usability is fundamental to or expected
with the use of an eHealth intervention. Although an intervention
may be usable, it does not mean that it will be used or perceived
as useful by adolescents [172]. Therefore, if usability is currently
understood as a measure of the technical ease of use or the
functionality of an intervention, then examining it may add little
richness to the understanding of what and how users describe
their user experience with eHealth intervention to be like.
However, if usability comes to be associated with the conditions
(barriers or constraints, facilitators, and context) of use and
reasons for usefulness (meets the needs and preferences of
users), then usability may be considered an important indicator
of the user experience.

Future Directions
This scoping review with Delphi consultations has provided a
broad overview of the current state of user experience
measurement in the eHealth field along with expert (researcher)
and user (adolescent) input into how user experience could be
defined and measured with an eHealth intervention. An
extension of this work may include investigating whether a core
set of items used to measure the various domains of user
experience would add value to the field and could be feasibly
applied across different interventions and user populations [23].
Future research could benefit from qualitative investigations
with adolescents to further define their understanding and
definitions of the user experience domains within different
eHealth contexts and test the feasibility of core assessment items
for these domains from their perspective. It would then be

beneficial to validate their definition of user experience (and
the associated domains) and test the feasibility of core
measurement item sets across large numbers of adolescent users
of eHealth interventions internationally. With greater awareness
and emphasis on patient-oriented research and improving
outcomes important to patients, assessment of user experience
can become an important part of patient-centered treatment
planning.

Further attention could also be directed toward the definition
and measurement of self-reported adherence. In our study,
although a definition of self-reported adherence was achieved
through consensus, its importance in measurement was not
established among researcher or adolescent participants.
Although a wealth of measurement studies exists for
understanding adherence from an objective standpoint
[16,173,174], few explanatory studies have been conducted to
explore how and why the user did or did not follow the
intervention and research protocol as recommended [23]. This
why component is critical for meaningful improvement of
eHealth interventions to increase program adherence and
therefore achieve related health benefits [175].

Future studies may also look at how to apply both objective and
subjective intervention outcomes or user experience measures
to improve the validity of eHealth evaluations. For example,
adolescents and researchers in our study reported perceived
impact to be an important aspect of the user experience.
Objective measures of intervention impact, such as changes in
diagnostic severity, global functioning, symptom checklists
[176], or self-reported minimal clinically important difference
[177], could reinforce or complement the findings generated by
more subjective measures [23]. In this way, we could better
understand how various measures converge or diverge on similar
user experience concepts, begin to develop more
psychometrically and theoretically robust assessment measures,
and establish indicators of clinically meaningful outcomes based
on users’ perspectives.

Limitations
Although this scoping review and associated Delphi
consultations were conducted according to published guidelines,
this study is not without limitations. First, our study focus was
placed on eHealth interventions that were web-, computer-, or
mobile-based and mediated by the internet; we excluded studies
that did not primarily include these features and therefore, our
results will not be representative of all technologies for which
user experience may be measured. In addition, eHealth
interventions being used and evaluated in health care systems
that have not been scientifically investigated and reported in
the published or gray literature were not included in our review.
Our scoping review focus also required studies to describe the
measure or measures used to collect user experience data. This
requirement resulted in the exclusion of 512 studies. Given that
this was a review of definition and measurement of user
experience, such details were essential to understanding the
current state of the eHealth field. This approach was systematic
in that we applied the same working definitions to each study;
however, it may have resulted in the classification of a domain
of user experience that differed from what study investigators

J Med Internet Res 2021 | vol. 23 | iss. 12 | e25012 | p.41https://www.jmir.org/2021/12/e25012
(page number not for citation purposes)

Newton et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


intended. The challenge in grouping some of the studies
confirms that agreement regarding definitions of user experience
domains would be of value to the eHealth field. The proposed
domains and definitions are not intended to be static, and we
expect that they will be refined to reflect advances in the eHealth
field. Finally, although we present the results from the first
international Delphi consultations, our sample size was limited;
particularly in representation from adolescent users.

Conclusions
eHealth interventions are now widely available for use by
children, adolescents, and parents, and positive user experiences
are generally reported across individual studies. The outcomes
of this review and Delphi process highlight the various ways in
which user experience has been defined and measured across
studies, with a large proportion of research studies using
study-specific, nonstandardized instruments. Through the
conduct of this study, we propose definitions for 6 user
experience domains: acceptability, satisfaction, credibility,
usability, user-reported adherence, and perceived impact, as

informed by empirical literature and agreed upon by eHealth
researchers and adolescent users. Findings revealed 10
well-established measures that assess 5 of the 6 user experience
domains (satisfaction, acceptability, credibility, perceived
impact, and usability), and we recommend that eHealth
researchers use an available, well-established measure over
developing their own to assess these domains. The proposed
working definitions and importance rankings from researcher
and adolescent participants can be used to inform eHealth user
experience research in the future and encourage consistency in
reporting and to guide the development of measurement tools.
Future studies should examine whether a core set of items used
to measure the various domains of user experience would add
value to the field and be feasibly applied across different
interventions and user populations. Closing these gaps has the
potential to enable comparisons across the user experience
literature and better understand how user experience relates to
other outcomes, such as effectiveness or objective measures of
adherence, in eHealth interventions.
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Abstract

Background: Health systems and providers across America are increasingly employing telehealth technologies to better serve
medically underserved low-income, minority, and rural populations at the highest risk for health disparities. The Patient-Centered
Outcomes Research Institute (PCORI) has invested US $386 million in comparative effectiveness research in telehealth, yet little
is known about the key early lessons garnered from this research regarding the best practices in using telehealth to address
disparities.

Objective: This paper describes preliminary lessons from the body of research using study findings and case studies drawn
from PCORI seminal patient-centered outcomes research (PCOR) initiatives. The primary purpose was to identify common
barriers and facilitators to implementing telehealth technologies in populations at risk for disparities.

Methods: A systematic scoping review of telehealth studies addressing disparities was performed. It was guided by the Arksey
and O’Malley Scoping Review Framework and focused on PCORI’s active portfolio of telehealth studies and key PCOR identified
by study investigators. We drew on this broad literature using illustrative examples from early PCOR experience and published
literature to assess barriers and facilitators to implementing telehealth in populations at risk for disparities, using the active
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implementation framework to extract data. Major themes regarding how telehealth interventions can overcome barriers to telehealth
adoption and implementation were identified through this review using an iterative Delphi process to achieve consensus among
the PCORI investigators participating in the study.

Results: PCORI has funded 89 comparative effectiveness studies in telehealth, of which 41 assessed the use of telehealth to
improve outcomes for populations at risk for health disparities. These 41 studies employed various overlapping modalities
including mobile devices (29/41, 71%), web-based interventions (30/41, 73%), real-time videoconferencing (15/41, 37%), remote
patient monitoring (8/41, 20%), and store-and-forward (ie, asynchronous electronic transmission) interventions (4/41, 10%). The
studies targeted one or more of PCORI’s priority populations, including racial and ethnic minorities (31/41, 41%), people living
in rural areas, and those with low income/low socioeconomic status, low health literacy, or disabilities. Major themes identified
across these studies included the importance of patient-centered design, cultural tailoring of telehealth solutions, delivering
telehealth through trusted intermediaries, partnering with payers to expand telehealth reimbursement, and ensuring confidential
sharing of private information.

Conclusions: Early PCOR evidence suggests that the most effective health system- and provider-level telehealth implementation
solutions to address disparities employ patient-centered and culturally tailored telehealth solutions whose development is actively
guided by the patients themselves to meet the needs of specific communities and populations. Further, this evidence shows that
the best practices in telehealth implementation include delivery of telehealth through trusted intermediaries, close partnership
with payers to facilitate reimbursement and sustainability, and safeguards to ensure patient-guided confidential sharing of personal
health information.

(J Med Internet Res 2021;23(12):e28503)   doi:10.2196/28503

KEYWORDS

telehealth; scoping review; disparities; implementation science

Introduction

Background
People living in medically underserved, low-income, or rural
areas; those from racial and ethnic minorities; members of the
lesbian, gay, bisexual, and transgender (LGBT) community;
and those with limited English proficiency or disabilities often
face substantial barriers to accessing needed health care and are
at high risk for health disparities [1,2]. About one-quarter of
the US population experiences geographic and/or economic
disparities. For example, 34 million Americans (10.5%) live in
poverty [3] and some 46 million Americans (15%) live in rural
areas [4]. These populations are more likely to report issues
with access to primary and specialty care, longer travel time to
providers, lower rates of insurance coverage, and higher rates
of chronic conditions than urban resident [2,5-7]. Racial and
ethnic disparities are also common and are strongly linked to
social determinants of health [1,5,8].

Other populations at particularly high risk for disparities include
low-income African Americans in medically underserved urban
and rural areas of the South [9-11], American Indian populations
in rural areas [8,12,13], the mostly Alaskan Native residents of
Alaska [14], and Latinx Americans, who face language,
insurance, and other barriers to access to care [8]. Additional
groups identified by the Patient-Centered Outcomes Research
Institute (PCORI) as priority populations include LGBT persons,
those with low health literacy/numeracy and limited English
proficiency, and those with disabilities [15-21]. All these
populations face barriers related to the social determinants of
health that prevent adequate access to care [13,19-23], resulting
in poor health outcomes across a multitude of domains.

Potential for Using Telehealth to Address Disparities
Telehealth modalities have great potential to help overcome
geographic, socioeconomic, cultural, and language barriers
related to the social determinants of health and enhance access
to essential health services for high-risk populations [24,25].
Telehealth has traditionally been a way to provide health care
access in rural communities, and its adoption has accelerated
for these populations during the COVID-19 pandemic [26,27].
While the potential for telehealth to address disparities, such as
transportation and availability of providers, is high, preliminary
data during the COVID-19 pandemic suggest that differences
in internet and telehealth access may actually compound
disparities in chronic disease outcomes [28]. Telehealth can be
used for multiple purposes, including direct delivery of care to
patients and their caregivers, remote monitoring of health
outcomes, education of patients and caregivers, support for
self-care and health behavior change, assistance with health
care decision-making, and communication of test results [29].
Likewise, telehealth can employ multiple communication
modalities, including telephone, video teleconference, text
messaging, mobile apps, and wearable monitors, that allow
providers to remotely communicate, monitor, and share
information with patients [30-32]. Previous research has
documented the effectiveness of these telehealth modalities in
reaching rural populations to provide care, prescreening
evaluations, and patient education [25,33,34], yet data on the
effectiveness of telehealth in other populations is more limited
[29-32]. Moreover, while many health care delivery systems
have implemented telehealth solutions to address barriers to
access and better serve populations at risk for disparities,
outcomes and sustainability have been variable [24,25,35].
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Study Aims
The primary purpose of this scoping review was to identify key
barriers to telehealth implementation and describe how barriers
can be addressed in populations at risk for disparities. PCORI
has invested US $386 million in comparative effectiveness
research in telehealth, yet little is known about the key early
lessons of this research for using telehealth to address disparities.
This review describes preliminary lessons from early
patient-centered outcomes research (PCOR) experience and
literature, using study findings and illustrative case studies
drawn from these seminal PCOR initiatives and literature.

Methods

Overview
A systematic scoping review of telehealth studies addressing
disparities was performed and was guided by the Arksey and
O’Malley Scoping Review Framework [36], with a focus on
PCORI’s active portfolio of telehealth studies and key
supporting PCOR identified by several of the investigators.

Identifying the Research Question
The purpose of this scoping review was to describe barriers and
facilitators to implementing telehealth or remote interventions
in populations at risk of health disparities (eg, racial and ethnic
minority groups or people living in rural areas) within
comparative effectiveness research projects funded by PCORI.
The specific question addressed was as follows: “How have
PCORI-funded investigators overcome barriers to implementing
telehealth interventions in populations at risk for disparities?”

Identifying Relevant Studies
Between December 2012 and March 2019, PCORI funded 84
comparative effective research projects, in which at least one
of the study’s comparison arms used telehealth to improve health
outcomes. PCORI defines telehealth as the delivery of health
services via remote telecommunication modalities, such as
telephonic communication, remote monitoring devices, real-time
videoconferencing, and mobile devices. For this scoping review,
PCORI staff first reviewed the telehealth portfolio to identify
studies aiming to improve health outcomes for populations at
risk of or facing disparities. Studies included those that targeted
at least one of the following PCORI priority populations at risk
for disparities: people living in medically underserved,
low-income, or rural areas; those representing racial and ethnic
minorities; members of the LGBT community; those with low
health literacy/numeracy and limited English proficiency; and
those with disabilities [37]. Other PCORI populations of interest,
including older adults, women, children, individuals with
multiple chronic diseases, individuals with rare diseases,
individuals whose genetic makeup affects their medical
outcomes, veterans, and members of the armed forces and their
families, were not specifically included in this scoping review.

Of the 84 PCORI-funded studies in this portfolio, PCORI staff
identified 41 studies focused on improving health outcomes for

populations at risk of or facing disparities by confirming the
target population for each study. Qualifying studies were further
reviewed by PCORI staff to determine if any barriers to
implementation of the planned telehealth intervention were
experienced and whether the investigators were able to mitigate
these barriers to successfully implement the study telehealth
intervention. A convenience sample of 8 studies was selected
based on their representativeness (ie, to ensure that all major
targeted populations at risk for disparities were included), study
phase (ie, studies either completed or nearing completion), and
perceived principal investigator availability to provide
illustrative examples of successful approaches for working
through obstacles in implementing telehealth interventions for
diverse populations.

Identifying Barriers and Facilitators
We drew on these 8 illustrative examples from early PCOR
experience and evidence from the literature to assess barriers
and facilitators to implementing telehealth in populations at risk
for disparities [25]. Key informant interviews of principal
investigators were conducted for the convenience sample of 8
PCORI studies to identify common challenges in the
implementation of telehealth in populations at risk for
disparities. Among the 8 studies in the convenience sample, 6
principal investigators were contacted for phone interviews and
4 interviews were completed. PCORI then hosted a webinar
attended by investigators from all 8 of the studies to facilitate
discussion about the study challenges investigators faced and
the solutions they identified and implemented. After the initial
information gathering from the interviews and webinar, PCORI
staff invited investigators to participate in this scoping review
and share the lessons learned.

Extracting the Data
Following identification of all PCORI studies meeting the
criteria for the scoping review (n=41), PCORI staff extracted
descriptive data for all these studies, including telehealth purpose
and modality, population, health condition, budget amount,
principal investigator, and institution, using published project
descriptions and study papers. PCORI staff and study
investigators then extracted additional data from these same
sources and interim progress reports (where available) in order
to categorize documented barriers and facilitators using a
published framework of identified barriers (eg, limitations) and
facilitators (eg, solutions) to telehealth [25]. We then used
prespecified data definitions from the Fixsen active
implementation framework to further categorize barriers and
facilitators to implementing telehealth within 3 major domains,
including competency drivers (ie, participant selection, training,
and supervision), organizational drivers (ie, decision support,
administrative support, and system intervention), and leadership
drivers [38,39]. The reporting process used the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) extension for scoping reviews (Figure 1)
[40,41].
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) extension for scoping reviews flow diagram of the study
selection process. PCORI: Patient-Centered Outcomes Research Institute.

Collating, Summarizing, and Reporting the Data
A table including the core descriptive data regarding all
PCORI-funded telehealth studies addressing populations at risk
for disparities was created. In addition, figures and charts were
created to summarize project details about this subset of studies.
An assessment of the quality of studies included in this review
was not performed. A table was created summarizing the barriers
and facilitators identified within each major implementation
domain. Finally, major themes regarding how telehealth
interventions can overcome barriers to telehealth adoption and
implementation were identified through review of both the
extracted data and illustrative examples using an iterative Delphi
process among the 8 PCORI principal investigators participating
in the study to achieve consensus. The Delphi process was
facilitated by PCORI staff and a lead principal investigator for
the scoping review, and was conducted through teleconference
and email communication. PCORI staff and the lead principal

investigator initially categorized extracted data and illustrative
examples by barrier and facilitator types based on previously
published categories [25]. Studies were then recategorized and
category labels were revised based on feedback from
participating investigators until consensus on the barrier and
facilitator types was achieved.

Results

Identifying Relevant Studies
As shown in Figure 2, 41 PCORI-funded studies were identified
that assessed the use of telehealth to improve outcomes for
populations at risk for health or health care disparities in this
analysis. Of note, all 41 studies employed a randomized
controlled trial methodology, and all were pragmatic or
“real-world” comparative effectiveness studies rather than
efficacy studies.
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Figure 2. Patient-Centered Outcomes Research Institute comparative effectiveness studies assessing telehealth solutions to address disparaties.

Study Characteristics
The descriptions, study goals, telehealth interventions studied,
settings, number of participants, and targeted study populations
for these 41 PCORI-funded studies are detailed in Multimedia
Appendix 1 [42-96]. The studies ranged in size from 59 to
84,828 participants; all were conducted in ambulatory settings;

and the majority (33/41, 80.5%) were conducted in primary care
and/or community settings.

As shown in Figure 3, all 41 studies targeted at least one of
PCORI’s priority populations, including racial and ethnic
minorities, people living in rural areas, people with low income
or low socioeconomic status, people with low health literacy,
members of the LGBT community, and people with disabilities.

Figure 3. Populations at risk of disparities targeted by Patient-Centered Outcomes Institute comparative effectiveness studies in telehealth.
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PCORI-funded studies employed multiple telehealth modalities.
The majority of these 41 studies used a mobile device (n=29,
71%) or were web-based (n=30, 73%). Fewer studies used
real-time videoconferencing (n=15, 37%), remote patient
monitoring (n=8, 20%), or store-and-forward capability (ie,
asynchronous electronic transmission; n=4, 10%). It is important
to note that a similar telehealth modality does not indicate
similar studies. For example, studies employing mobile device
interventions were diverse and included web-based interventions
requiring full internet access, as well as lower-tech interventions
that only employed SMS or simple text messaging. All the
web-based interventions referenced below required reliable
broadband internet access. Real-time videoconferencing was
used in 15 studies, and 11 of these studies utilized telehealth to
improve access to primary or specialty care. Health conditions
involving videoconferencing were cardiovascular diseases (n=2),
kidney diseases (n=2), mental/behavioral health (n=4),
nutritional and metabolic disorders (n=3), allergies and immune
disorders, multiple chronic conditions, neurological disorders,
respiratory diseases, and trauma/injury. Remote patient
monitoring (eg, blood pressure or blood glucose levels) was
used in 8 studies. Remote monitoring varied from a wearable
device (eg, Fitbit) to mobile app monitoring to an in-home
device (eg, scale, blood pressure monitor, or video monitoring).
Health conditions incorporating remote monitoring included
cardiovascular diseases (n=3), mental/behavioral health (n=2),
nutritional and metabolic disorders, and respiratory diseases.
Store-and-forward technology was employed in 5 studies that
included the following conditions: functional limitations and
disabilities, mental/behavioral health, rare diseases, hearing
loss, and skin diseases.

Furthermore, the purpose of the 41 PCORI telehealth
interventions also varied substantially, with 8 (20%) focused
on enabling health monitoring, 20 (49%) focused on improving

access to specialty care, 22 (54%) focused on health education,
and 27 (66%) focused on promoting chronic condition
self-management. The spectrum of chronic conditions studied
also varied substantially. The largest proportion of studies
focused on behavioral health (n=9, 22%), and nutritional and
metabolic disorders (n=6, 15%), including obesity and diabetes.
In addition, PCORI has funded telehealth projects addressing
disparities focused on cardiovascular conditions (n=3), chronic
kidney disease (CKD; n=2), neurological conditions (n=2),
reproductive and perinatal health (n=2), rare diseases (n=2),
allergies and immune disorders (n=1), cancer (n=1), hearing
loss and ear diseases (n=1), functional limitations and disabilities
(n=1), infectious diseases (n=1), multiple chronic conditions
(n=1), trauma (n=1), and skin diseases (n=1). Although only 1
study focused on patients with multiple chronic conditions, most
of the studies included patients with multiple chronic conditions
and some additional studies used such presence as an inclusion
criterion.

Identifying Barriers and Facilitators
Barriers and facilitators of telehealth implementation in
PCORI-funded studies using telehealth to address disparities
are detailed in Tables 1 and 2. Barriers and facilitators are
described for only 35 of the 41 studies as 6 were in the early
stages of implementation and lacked sufficient data for
evaluation. Review of this data revealed that 20 (57%) studies
actively engaged patients to assist investigators in building
patient-centered design with active patient participation in each
development phase, 13 (37%) studies culturally tailored their
telehealth intervention, 4 (11%) studies employed partnership
with payers to expand telehealth reimbursement, and 11 (31%)
studies delivered telehealth care through or with the assistance
of trusted intermediaries. Of the 11 studies, 5 (14%) had clinical
support team members available to support their telehealth
interventions with a human interaction component.
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Table 1. Barriers to telehealth adoption identified in Patient Centered Outcomes Research Institute–funded studies using telehealth to address disparities.

ExampleBarriers
identified, n

Barriers (ie, limitations or challenges)

Competency drivers

Participant engagement barriers (eg, social determinants of health presenting barriers to telehealth adoption)

Patients with many competing social needs and low levels
of social support and resources that may have prevented in-
dividuals who would otherwise be eligible and/or interested
in study participation (eg, inadequate access to technology).
This barrier was removed by adding “access to a phone or
iPad” to the inclusion criteria.

9Inadequate access to telecommunication technology

Patient and stakeholder partners were integrated into studies
to provide feedback on the usability and feasibility of tech-
nology.

1Patient and stakeholder feedback

Providers and health care staff may not receive training on
technology use or telehealth etiquette. Inadequate communi-
cation among patients, multiple providers, primary care
providers, and specialists exacerbates the technology divide.

3Staff training barriers

Lack of personnel structure to oversee administrators of
technology platforms.

3Inadequate program supervision/management

Organizational drivers

Inadequate decision support

Not reported.0Technology problems

Inadequate administrative support

Lack of support staff available to help access and utilize the
different app platforms.

5Insufficient administrative support staff to deliver or support
telehealth solutions

Poor integration of telehealth intervention and existing clin-
ical care workflows.

1Health systems workflow

Inadequate clinical support

Lack of clinical support, such as providers or lay health
workers, available to assist with the delivery of telehealth
platforms.

5Insufficient staff to deliver telehealth solutions

System-level barriers

Lack of protection for study participants, specifically those
who were undocumented immigrants.

2Legal (eg, inadequate safeguards to ensure patient-guided con-
fidential protected health information sharing, state licensure
laws, need for credentialing at multiple sites, and liability con-
cerns)

Inconsistent reimbursement coverage for providers. State-
based licensure laws exist.

5Financial (eg, limited insurance coverage for telehealth)

Leadership drivers

Not reported.0Inadequate administrative leadership

Not reported.0Inadequate clinical leadership (eg, concerns regarding lower
quality patient–physician relationship or poor physician buy-
in)

Partnership with national organizations to help design and
implement the intervention.

1Partnership
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Table 2. Facilitators to telehealth adoption identified in Patient Centered Outcomes Research Institute–funded studies using telehealth to address
disparities.

ExampleFacilitators
identified, n

Facilitators (ie, solutions or improvements)

Competency drivers

Improvements in participant engagement (eg, approaches to address social needs and facilitate telehealth adoption)

Case managers assisted patients with addressing telehealth
access barriers.

4Provision of access to telecommunication technology

Most studies engaged patients in the design of the interven-
tion and obtained feedback from the target population.

20Patient-centered design (eg, telehealth solutions) actively
guided by patients to meet community needs

Culturally tailored interventions for target populations.13Cultural tailoring of telehealth solutions to meet the needs of
specific communities and populations

Technology training for providers and community health
workers. Help solving workflow issues.

4Improvements in staff training (eg, training in patient empow-
erment techniques such as motivational interviewing to facili-
tate telehealth adoption)

Organizational drivers

Decision support solutions

Not reported.0Technology solutions

Administrative solutions

Support staff to provide ongoing support and engagement
for technical issues.

11Strengthening of administrative support staff to support tele-
health solution

Feasibility assessments to determine the fidelity of the
technology.

1Process evaluation

Clinical support team solutions

Support staff, such as nurses, providers, and lay health
workers, are available to provide human interaction, which
strengthens trust with technology.

5Strengthening clinical support staff to deliver or support tele-
health solutions (eg, delivering telehealth through trusted in-
termediaries)

System-level improvements

Reassurance for securing data using appropriate computer
technology.

2Legal (eg, safeguards to ensure patient-guided confidential
sharing of protected health information)

Working with communities to provide coverage for com-
munity health aides to help implement technology and to
better understand telehealth insurance claims.

4Financial (eg, partnering with payers to expand insurance
coverage for telehealth and telehealth reimbursement)

Experience working with state legislature/licensure to help
lower barriers to telehealth.

1Legislative policies

Leadership drivers

Not reported.0Improvements in administrative leadership

Not reported.0Improvements in clinical leadership (eg, engagement of strong
physician champions to lead change)

Major themes identified across these studies included the
importance of patient-centered design, cultural tailoring of
telehealth solutions, delivering telehealth through trusted
intermediaries, partnering with payers to expand telehealth
reimbursement, and ensuring confidential sharing of private
information.

Illustrative examples of these key themes are reviewed in the
sections below, and key system- and policy-level changes
needed to address barriers to telehealth adoption and
implementation are identified.

Patient-Centered Design
Patient engagement is a core component of PCORI studies.
Some studies go beyond incorporating patient input and
feedback on the research and actively engage patients into the
study design and overall design of the intervention.

The VIGoROUS (Video Game Rehabilitation for Outpatient
Stroke) study illustrates how user-friendly consumer-driven
design serves as a critical component of sustainable telehealth
initiatives [70,71]. It employed a video gaming system to deliver
therapeutic exercises and track adherence/progress remotely for
individuals with motor disability. The gaming system was
co-designed by therapists and people with motor disability.
Artificial intelligence automatically adjusted the difficulty of
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the exercises to match the ability of the patient, allowing for a
simple user interface and less than 1-minute setup.

Similarly, the study by Williams et al comparing high-touch
and high-tech care in patients with complex care needs utilized
a smartphone-based remote care management platform and
digital health innovations to support self-directed care
management [85,97]. While the participant technology comfort
level was assessed prerandomization and was expected to be
variable among the study population, the study team found that
participants often requested assistance in understanding basic
phone functionality. Thus, the investigators worked to devise
a modality flexible enough to support all levels of technical
knowledge, which was easy to access, was user friendly, and
addressed a broad range of skills from simple to difficult. The
investigators developed a high-tech care strategy user guide
with input from the stakeholder partners, patients, and providers.
The need for more tailored technical support also resulted in
concierge-style in-person technical visits to perform functional
assessments that could not be completed over the phone, leading
to a new workforce supporting additional technical initiatives
across the care delivery continuum.

Cultural Tailoring of Telehealth Solutions
When developing telehealth interventions, it is particularly
important to consider the need for culturally competent care,
defined as care that respects the diverse characteristics and
values of the patients, which can ultimately affect their overall
health and health care [98]. This review of PCORI-funded
studies showed that patient study engagement improved with
the use of culturally competent messaging delivered via
telehealth interventions.

The MODEL (Management of Diabetes in Everyday Life) study
assessed the effectiveness of tailored motivational text
messaging for improving diabetes self-care activities in
medically underserved African American adults in the
Mid-South, and illustrated the importance of cultural tailoring
of telehealth solutions [44,45]. This study incorporated feedback
from a patient advisory council into the message development
process to more competently culturally tailor message content
to the target population, an approach that has demonstrated
positive impacts in other populations with diabetes [44,45]. The
MODEL study’s registry-based text message system employed
electronic medical record and survey data, as well as ongoing
message input from patients themselves to personalize and
deliver culturally tailored content to patients with uncontrolled
diabetes [45]. Preliminary program results indicated high
satisfaction with the MODEL text message program, with
greater than 90% participant retention in this group of the study.

Similarly, the Health-E You/SaludiTu study demonstrated how
cultural tailoring of telehealth interventions can improve their
acceptance by populations at risk of disparities [91,92]. This
study aimed to assess the effectiveness of a patient-centered
computer-based clinical intervention to reduce health disparities
in unintended pregnancies among Latina adolescent girls in 18
school-based health centers in Los Angeles, California. Latina
adolescents and local community representatives were key
stakeholders in the design and implementation of this app, which
may have helped the adoption and implementation of this

intervention into clinic workflows at the school-based health
centers. The culturally tailored tool was available in English
and Spanish, and adapted language that resonated with Latina
adolescents (eg, the use of the more colloquial term condones
versus preservativos to refer to condoms). Preliminary findings
showed that both providers and study participants reported high
satisfaction with the app, as it was easily integrated into the
clinic flow, and more importantly, participants showed an
increase in knowledge of contraceptive use from baseline to
their 6-month follow-up.

Likewise, early implementation experience from a
PCORI-funded study of underserved Asian Americans having
chronic hepatitis B suggested that culturally and linguistically
competent interventions improve participant retention [72]. This
study employed patient-designed culturally tailored text
messaging along with patient navigator–led educational sessions
to improve adherence to medication therapy for hepatitis B.
Patient partners and community stakeholder groups provided
extensive input on the appropriateness and framing of the
messages. These messages were delivered in Chinese,
Vietnamese, or Korean. Early implementation findings showed
evidence that this culturally and linguistically appropriate
intervention was effective in improving follow-up in patients
living with hepatitis B.

Delivering Telehealth Through Trusted Intermediaries
Many of the studied PCORI telehealth projects successfully
employed trusted intermediaries to deliver telehealth solutions
and help support people at high risk for health disparities in
crossing the digital divide. These projects provided confirmatory
evidence to extensive literature suggesting that lay health worker
and paraprofessional intermediaries can help build trust among
patients and providers in new telehealth modalities. New
technologies, including telehealth, that enable the delivery of
interventions and diagnostics remotely are emerging, but patients
commonly struggle to use these technologies. Patients struggle
with both simple technical issues, such as neglecting to ensure
that an electronic system is plugged in, and more complex
barriers related to social determinants of health (eg, poverty,
unpredictable work schedules, unreliable transportation, and
lack of internet access) when using advanced technologies such
as secure videoconferencing.

PCORI telehealth projects consistently demonstrate high patient
acceptance of telehealth modalities that connect them to trusted
providers, but even with careful attention to patient-centered
design, investigators commonly found availability of in-person
technological support to be essential. For example, when 1
participant in the aforementioned VIGoROUS video gaming
intervention reported that her gaming system would not turn
on, a support call revealed that she had not plugged it into an
electrical outlet [70,71]. This early experience suggested that
widescale implementation of telehealth technologies requires
funding of responsive technical support infrastructure to avoid
technology abandonment by patients in greatest need.

Similarly, a study of Native Americans addressing gaps in
self-management through home-based CKD care found that
continuous care coordination using trained and trusted tribal
community health representatives (CHRs) was essential to
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effective program implementation [86-88]. This program used
videoconferencing with patients via internet-connected portable
tablets using Verizon wireless Jetpack mobile hotspots. The
program worked with other local health and wellness programs
(eg, Indian Health Services and other programs operating within
tribal communities) and conducted community-wide health
fairs. Telehealth adoption was also encouraged through
distribution of culturally sensitive newsletters and brochures to
all these health programs and individual community members.
The secondary data analysis of the study demonstrated that
behavioral and lifestyle educational reinforcement through
motivational text messaging and alternate weekly home visits
by the CHRs with quarterly group sessions was an effective
means of providing care to patients with type 2 diabetes mellitus
and CKD who may otherwise avoid diagnosis and treatment
due to stigmatization. The CHR-led home-based care model
provided the additional care necessary to bolster patient levels
of disease-specific knowledge, self-efficacy, and diabetes and
CKD self-management, enabling patients to more effectively
carry out the recommendations that they received during the
home visits, as compared to patients who received clinic-based
usual care [99].

A study addressing childhood hearing loss in an Alaska Native
population similarly found that using trusted lay health workers
based in the communities served was essential to telehealth
program deployment [100-103]. In the remote rural communities
served by this program, health care is provided by community
health aides/practitioners who are commonly from the
community they serve and are selected by their community to
receive training. This care is supported by specialist triage using
the statewide telemedicine network. As a result, ear and hearing
problems in isolated communities are routinely managed
remotely by audiologists and surgeons through telemedicine,
including provision of local care (such as for ear infections),
preoperative planning, and postoperative follow-up [102,103].
This requires community health aides/practitioners performing
telemedicine consults to be proficient with telemedicine
equipment, including basic testing, such as tympanometry, to
assess eardrum movement and digital otoscopy for photos of
the eardrum. Training with telemedicine equipment is built into
each session of the standardized community health
aide/practitioner program and includes continued on-the-job
training and direct observation of practical skills. Expanding
the use of telemedicine equipment for prevention, such as
follow-up for referred school hearing screenings, utilizes
community health aide/practitioner knowledge and training on
the telemedicine infrastructure already in place. However,
Emmett et al also provided additional training on the expedited
telemedicine consult form to facilitate the application of
modified workflows for school hearing screening referrals
[68,69].

Partnering With Payers to Expand Telehealth
Reimbursement
Reimbursement for telehealth encounters is increasing.
However, lack of adequate reimbursement continues to present
a major challenge to telehealth adoption, implementation, and
sustainability. Reimbursement barriers to telehealth were
acknowledged by nearly all the PCORI-funded study

investigators who participated in this study. Despite recent
expansions in telehealth reimbursement during the COVID-19
pandemic, variable state and federal reimbursement policies
and low levels of reimbursement for services delivered via
telehealth continue to challenge telehealth implementation
efforts. In response to these challenges, many studies found it
essential to partner with payers to expand their support and/or
reimbursement for telehealth services.

For example, the TEAM UP (Treatment Efforts Addressing
Child Weight Management by Unifying Patients, Parents, and
Providers) study assembled a Payer Advisory Board that
explored how military medical sites use telehealth for services
such as teleradiology and telebehavioral health [96]. The Board
noted how telehealth could facilitate access to qualified and
trained health care professionals in rural areas, as well as foster
treatment engagement and reduce program attrition by increasing
flexibility for patients with challenging schedules. The Payer
Advisory Board stressed the viability of telehealth and the need
for these types of visits to be considered billable encounters to
help overcome the challenges facing populations with barriers
to care.

In the rural Alaska study addressing childhood hearing loss, the
research team developed a streamlined telemedicine consultation
process in order to make it financially sustainable in the school
setting [68,69,104]. Translating a clinically oriented technology
to a preventive service raises inherent logistical challenges [69].
The team shortened the telemedicine consult time from 60-90
minutes to 10-15 minutes, making it feasible to perform 10 to
15 telemedicine referrals for school hearing screening in a single
day. This process took several iterations, with feedback sought
from multiple stakeholders including community health
aides/practitioners. Maintaining the integrity of billing
requirements, while shortening the telemedicine consultation
process, allowed the preventive service to remain reimbursable
and financially sustainable after the conclusion of the
randomized trial.

Similarly, in the Mid-South MODEL study, investigators worked
with regional health systems to provide long-term support for
a regional registry-based tailored text message system that can
assist both large health systems and small independent primary
care practices in sending regular motivational messages to
interested patients [44,45].

Ensuring Confidential Sharing of Private Information
Early implementation experience from numerous PCORI
telehealth studies demonstrates the importance of ensuring
confidential sharing of private information in all telehealth
interventions considered. The application of telehealth often
involves paperless collection and transmission of data at each
touch point with participants and with communication between
staff at the regional and local levels. This requires careful
attention to compliance with local, regional, and federal legal
requirements for protection of privacy.

For example, the TEAM UP study of alternative childhood
obesity treatments for Medicaid-insured individuals employed
a secure Health Insurance Portability and Accountability Act
(HIPAA)-compliant videoconferencing system to enable remote
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communication with children and families that protected privacy
[96]. Working with a low-income population presents an
inherent set of barriers, including unpredictable schedules and
unreliable transportation, both of which could negatively impact
the fidelity of family-based behavioral treatment delivery. In
anticipation of these potential barriers, the study team contracted
with a fully HIPAA-compliant videoconferencing system to
allow for telehealth delivery of family-based behavioral
treatment sessions as needed. Secure video was found to be an
ideal technology solution since it is accessible on virtually all
devices, including cell phones, and provides necessary flexibility
to support adherence with demanding treatment schedules. Use
of secure HIPAA-compliant videoconferencing ensured the
confidentiality and security of participants’ protected health
information in compliance with part 11 of Title 21 of the Code
of Federal Regulations pertaining to Electronic Records and
Electronic Signatures (21 CFR Part 11) [96]. Likewise, the study
employed an electronic consent process that allows for the use
of alternative consent forms for each participating site.

The VIGoROUS study also had to address challenges related
to information security [70]. First, it was necessary to find a
HIPAA-compliant videoconferencing platform for secure video
chat between participants and providers. While there are
numerous platforms available, some of which are free, the lead
site’s hospital system was relatively unfamiliar with telehealth
and thus required new technology platforms to undergo an
extensive information security vetting process (eg, conducting
risk assessments and obtaining administrative approvals), a
process that ultimately spanned 3 years. To proceed with the
study, investigators were able to identify and pivot to a
user-friendly videoconferencing platform (Bluejeans) that had
already been vetted by the university health system. The second
challenge was how to make large amounts of remote-monitoring
data (adherence data, quality of movement data generated
continuously during rehabilitation, and behavioral assessment
data) accessible to a clinician providing care remotely. This was
addressed by streaming deidentified data to a secure cloud
server. The data were stored under a unique machine identifier
that could only be obtained through physically accessing the
rehabilitation gaming system (located within participants’
homes). During video consultations with a therapist, the
participant provided the therapist with the machine identifier
to enable the therapist to track his/her progress [70].

Discussion

Principal Findings
This scoping review of early PCOR evidence suggests that the
most effective health system- and provider-level telehealth
implementation solutions to address disparities employ
patient-centered and culturally tailored telehealth solutions. We
found that the development of the most effective telehealth
solutions was actively guided by patients themselves in order
to meet the needs of specific communities and populations.
Early PCOR evidence demonstrates that the best practices in
telehealth implementation include delivering telehealth through
trusted intermediaries, close partnership with payers to facilitate
reimbursement and sustainability, and safeguards to ensure

patient-guided confidential sharing of personal health
information.

The COVID-19 pandemic has given new urgency to these
questions regarding telehealth adoption among people at the
highest risk for disparities, including those living in medically
underserved, low-income, or rural areas; those from racial and
ethnic minorities; LGBT persons; and those with limited English
proficiency or disabilities. Telehealth modalities have great
potential to help overcome these geographic, socioeconomic,
cultural, and language barriers and to give populations at risk
of disparities enhanced access to essential health services.
Although many PCORI-funded studies had to put their research
on hold and transfer their institution’s focus on the needs of
patients experiencing COVID-19 [105], the pandemic generally
helped to accelerate telehealth adoption for vulnerable
populations [26,28]. However, since early evidence indicates
that differences in internet and telehealth access may worsen
disparities in chronic disease and COVID-19 outcomes [106],
it is clear that telehealth solutions must deliberately target and
prioritize populations at the highest risk for disparities.

Toward that end, this review places strong emphasis on the
importance of deploying patient-centered and culturally tailored
telehealth solutions that address the social determinants of health
faced by populations at risk for disparities [19-21]. Even though
low-income, minority, and rural populations face heightened
barriers to effective self-care related to the social determinants
of health, most telehealth behavioral interventions for chronic
conditions are tailored for individuals with higher incomes.
Thus, low-income, minority, and rural groups need specific
culturally tailored solutions that specifically address the social
determinants of health they face [69,104]. Preliminary evidence
from PCORI-funded studies consistently demonstrates that
intensive personalization and cultural tailoring of intervention
components [70] can help enable vulnerable patients to address
critical social determinants of health [71]. Effective telehealth
interventions need to address the key social determinants of
health at the root of entrenched health behaviors in systematic
ways [72]. Most of the reviewed PCOR initiatives employed
component interventions that were extensively culturally tailored
during the initial program planning phases and on an ongoing
basis to ensure that they were culturally congruent and
appropriate based on the subjective culture (ie, norms and
attitudes), behavioral preferences, and cultural values and
expectations of the population served [71,73]. Thus, although
cultural tailoring alone is not sufficient, the early PCOR
literature indicates that it is an essential component of effective
telehealth solutions to address health disparities.

Furthermore, this review revealed that telehealth solutions can
take advantage of and expand on existing technological
capacities accessible to low-income and other populations at
risk for health disparities, and can often be deployed at low cost.
The existing PCORI-funded telehealth research suggests that
low-cost strategies that employ existing telehealth capacities
using standard mobile phones and smartphones may be
particularly effective in reaching patients where they are and
engaging them in needed care. Although more than 90% of
Americans overall carry cell phones and 80% have smartphones
[107], among people with household incomes less than US
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$30,000, only 71% own a smartphone, 54% own some type of
computer, and 56% have home broadband [106]. As
demonstrated by several of our case studies above, early
evidence indicates that text messaging and other culturally
tailored mobile health (mHealth) interventions can provide
effective low-cost approaches for engaging patients in self-care
[108-112]. Some systematic reviews have identified text
messaging as among the most effective low-cost technological
strategies for engaging patients in behavior change and have
highlighted the importance of such technology-supported
behavioral interventions [113-115]. Thus, health systems seeking
to target telehealth solutions to address disparities should
actively seek to employ existing technologies and devices like
traditional cell phones to which populations at risk for disparities
already have access.

This review also emphasizes the importance of telehealth
solutions that work through existing trusted care networks and
providers, and that employ trusted lay health worker and
paraprofessional intermediaries to introduce and support the
use of these technologies by people from the community. Many
of the most effective PCORI telehealth initiatives considered
in this paper focused their interventions around engaging,
training, and deploying trusted intermediaries from the
community and/or the population at risk for disparities to be
served. This evidence also suggests that personalized human
interaction is essential. For example, text messaging interactions
were found to be most effective when delivered in real-time,
tailored to participant interests and needs, and originated from
a trusted known source. The PCORI-funded telehealth projects
reviewed suggested that face-to-face videoconferencing and
telephone interventions with trusted caregivers are particularly
effective.

Our review further suggests that substantive reimbursement and
regulatory changes are immediately needed to enable low-cost
and efficient telehealth solutions. We found that the best
practices in telehealth implementation include close partnership
with payers to facilitate reimbursement and sustainability.
However, ultimately, experience from the existing portfolio of
PCORI telehealth projects indicates that permanent changes are
needed in national reimbursement policies and regulations to
facilitate broader telehealth adoption and implementation.
Policies and reimbursement for telehealth were rapidly put into
place to allow health care to continue during the severe
restrictions early in the COVID-19 public health emergency
after March 2020, in order to allow care to continue during the
COVID-19 pandemic. However, these changes clearly need to
be extended. Needed regulatory changes include expanded
reimbursement as well as relaxations of regulations around
where the patient or practitioner is located, licensure, and
reciprocity across states. For example, since populations at risk
for disparities generally have less access to the internet and
technology, regulatory solutions need to facilitate and enable
the use of existing lower-cost technologies, such as telephone
visits using traditional cell phones, rather than requiring video
teleconferencing for medical billing. As the pandemic eases, it
will be essential to carefully think about how to preserve the
progress that was made in expanding telehealth in ways that

improve patient care at the federal (eg, Medicare), state, and
individual insurance company levels [116-118].

Strengths and Limitations
The existing PCORI telehealth research targeting populations
at risk for health disparities is of very high quality and has high
applicability to real-world clinical and community settings. Of
note, 100% of the PCORI-funded studies in this category
employed a randomized controlled trial design and 100% were
pragmatic rather than being conducted in highly controlled
university settings among highly selected patients. This is a
major strength of both the research reviewed in this scoping
review and the scoping review itself. Furthermore, the studies
included in this scoping review are also notable for their
generalizability, given their pragmatic real-world approach.
Rather than excluding patients with multiple chronic conditions
as is often done in randomized clinical trials, many of the
PCORI-funded studies specifically included patients with
multiple morbidities given their representativeness of patients
most commonly seen in real-world clinical settings.

This review is limited by the small numbers of studies that were
considered, and its main findings are subject to numerous
potential biases. First, since PCORI staff chose studies for an
in-depth review based on their perception regarding which study
teams overcame notable obstacles to telehealth, selection bias
could have occurred. Our expectation is that this bias would
most likely lead to the overemphasis of facilitators and solutions
as opposed to barriers and challenges. Second, because PCORI
staff and investigators comprised the study team, it is possible
that there was some bias toward reporting of positive study
findings. However, the study team and methods actively sought
to address this potential limitation by identifying and
categorizing barriers first prior to the discussion of solutions.
In addition, some of the telehealth services provided in these
studies may be difficult to consistently replicate outside of
structured evaluations.

The review is also limited because final study results are not
available for many of the included studies, and even fewer have
detailed analyses of implementation factors and lessons learned
available in the peer-reviewed literature. However, the review
was facilitated by the detailed project knowledge of PCORI
staff and the investigators themselves.

Future Directions
Over the past 5 years, PCORI has supported many comparative
effectiveness studies of adopting virtual care solutions to manage
health outcomes across a wide range of populations at risk for
disparities. Through these research initiatives, health care
delivery systems are learning to leverage low-cost telehealth
solutions to promote better health outcomes by increasing access
to care, making care more effective, and continuously engaging
patients. PCORI-funded comparative effectiveness research is
demonstrating how we can reduce health disparities across the
spectrum of disease conditions and populations through low-cost
telehealth solutions. This research is identifying key barriers
and limitations to implementing telehealth in vulnerable
populations and ways to overcome these barriers to help improve
health and health care outcomes.
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In this new era of the COVID-19 pandemic, there has been rapid
growth in the use of technology across all industries, but it is
proving to be particularly important in the areas of health and
health care. Future efforts should focus on fostering
collaborations between researchers, payers, and administrators
to facilitate widespread adoption of new treatment models that
have already demonstrated success through definitive clinical
trials. Our review indicates that key system- and policy-level
changes are desperately needed to address barriers to telehealth
reimbursement. Moreover, further pragmatic research is needed
to demonstrate the best approaches for disseminating and scaling
these early telehealth findings in broader community practice
to promote population health.

Conclusions
This scoping review gives strong guidance to health systems
seeking to target evidence-based telehealth modalities for health

disparities. Results from the studies demonstrate that systems
can do so in innovative ways, and in fact, some of the studies
identify methods for systems to effectively reach underserved
populations in their own communities. These case studies also
highlight the critical importance of both supportive
infrastructure, and regulatory and reimbursement policies to
facilitate telehealth modalities and make them sustainable.

However, despite growing evidence that telehealth can deliver
care to people at risk for disparities, many major obstacles exist
for its implementation. Early PCOR evidence demonstrates that
the most effective health system- and provider-level solutions
for at-risk populations use patient-centered and culturally
tailored telehealth solutions whose development is actively
guided by the patients themselves.
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Abstract

Background: Cognitive behavioral therapy (CBT) is the gold standard of psychotherapy for psychiatric disorders. However,
the format of delivering CBT in person limits access to the intervention. The advancements in information and communication
technology, especially the internet, present an opportunity for cognitive behavioral therapists to service patients or clients in
remote areas through videoconferencing. Although many randomized controlled trials of videoconference-delivered cognitive
behavioral therapy (VCBT) have already been conducted, the overall estimated effect size of VCBT for psychiatric disorders has
not been examined by systematic reviews and meta-analyses.

Objective: This study attempts to evaluate the effectiveness of VCBT for psychiatric disorders through a systematic and
meta-analytic review.

Methods: A systematic review and meta-analysis of studies in which VCBT was directly compared to control groups (such as
treatment as usual, attention control, wait-list control, and other minimal supports) was carried out. To identify previous studies
that meet our study objective, 2 independent reviewers undertook a systematic search through seven databases: MEDLINE (via
PubMed), Web of Science, Science Direct, PsycINFO, CINAHL, LILACS, and SciELO. Other databases (ClinicalTrials.gov and
Cochrane Central Resister of Controlled Trials) were also checked. All studies included in the review were assessed using the
quality criteria of the Cochrane Collaboration. Statistical analysis was performed by using Cochrane Review Manager (RevMan,
version 5.4.0). Standardized mean difference was used in major meta-analyses where a P value of .05 or less was the threshold
for statistical significance. A heterogeneity test and the chi-square test were performed to assess the presence and extent of
statistical heterogeneity with significance set at P<.10. Funnel plots were visually inspected to assess the risk of bias. Subgroup
analyses were conducted for each disorder to estimate intervention effects.

Results: The systematic search resulted in 16 studies (total N=1745) that met the criteria for this study and were included in
the review. There were 10 studies on depressive symptoms, 3 on chronic pain, 1 on generalized anxiety disorder, 1 on
obsessive-compulsive disorder, and 1 on hypochondriasis. The quality and risk of bias was also assessed. Results showed a pooled
effect size (Hedge g) post treatment of −0.49 (95% CI –0.68 to –0.29), indicating that VCBT is effective for clients with psychiatric
disorders. Study quality did not affect outcomes.
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Conclusions: While the overall results indicate the effectiveness of VCBT, there are still only a limited number of studies on
specific psychiatric and somatic conditions. Therefore, more randomized controlled trials are needed to establish the effectiveness
of VCBT for different disorders.

Trial Registration: International Prospective Register of Systematic Reviews (PROSPERO) CRD42021224832;
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=224832

(J Med Internet Res 2021;23(12):e31293)   doi:10.2196/31293

KEYWORDS

videoconference-delivered cognitive behavioral therapy; depression; anxiety; psychiatric disorders; systematic review; meta-analysis;
digital health; mental health; cognitive therapy; internet-based therapy; cognition; neurodevelopment; communication technology;
health technology; psychological disorders; anxiety disorder

Introduction

Background
The incidence of mental health disorders has significant
socioeconomic implications for public health and human rights
globally. Depression, for example, is a leading cause of
disability, affecting an estimated 264 million people worldwide
[1]. It has been shown that cognitive behavioral therapy (CBT)
is an effective treatment for a variety of mental disorders [2,3].
Cognitive behavioral therapists analyze the effects of their
patients’cognition and behavior on psychiatric symptoms [4,5],
and work toward developing adaptive cognitive-behavioral
techniques with their client [6,7]. Evidence suggests that CBT
is effective not only for psychiatric disorders [8] but also for
somatic disorders [9]. It is considered the gold standard in the
treatment of mental health disorders because it is substantiated
by theory and research [10]. Further, evidence suggests that
CBT is superior to other modalities, such as interpersonal
psychotherapy [11]. The World Health Organization (2019) has
also recognized its effectiveness and stated that access to CBT
is important [12]. Face-to-face therapy is the most common
format for providing treatment for mental health issues.
However, this can restrict access to CBT for patients living in
remote areas. Considering the widespread use of the internet
and telecommunications equipment [13], there is a window of
opportunity to provide access to CBT to patients living in remote
areas [14]. Most remote CBT is delivered with the help of
websites/webpages, under the guidance of a therapist. This
format is called internet-based cognitive behavioral therapy
(ICBT) or simply “internet intervention.” According to Olthuis
et al [15], “to be considered an Internet intervention, CBT must
have been delivered over the Internet through the use of web
pages or e-mail, or both.” Two systematic reviews including
meta-analyses have suggested that in terms of effectiveness,
ICBT is equivalent to face-to-face CBT [16,17].

Videoconference-Delivered CBT
Another approach to improve accessibility to CBT for
individuals residing in remote areas is to utilize a
videoconferencing system [18-20]. In comparison to ICBT,
videoconference-delivered CBT (VCBT) has the advantage of
enabling remote treatment through interactive real-time
communication between the therapist and the patient, which
makes it similar to face-to-face CBT. At the same time, VCBT
differs from face-to-face CBT because there is a “physical

separation” between the therapist and patient, which may create
limitations in clinical practice. For example, when dealing with
a patient with obsessive-compulsive disorder, the patient cannot
directly touch the stimulus/subject provided by the therapist.
The patient must work on the subject at home on their own.
Time lags and poor eye contact during video calls may affect
the quality of interaction between the therapist and patient,
creating obstructions for cognitive reconstruction and the
creation of cognitive models.

Despite these concerns, results from previous clinical trials
investigating the feasibility and efficacy of VCBT were
generally promising [18-21]. The results from prospective and
rigorous clinical trials (RCTs) have suggested that VCBT is not
inferior to face-to-face CBT for the treatment of depression and
posttraumatic stress disorder [22-25]. An existing literature
review summarized previous findings [26] but did not conduct
a meta-analysis of the results of RCTs drawing direct
comparison to controls such as conventional treatment. A
network meta-analysis that examined the most effective CBT
format for the treatment of acute depression also did not
compare for VCBT [27]. Several systematic reviews to assess
the effectiveness of videoconference-delivered psychotherapy
for the treatment of depression [28] and anxiety disorders [29]
suggest that VCBT is an acceptable form of remote therapy for
such patients, and clinical symptoms can be expected to
improve. However, these reviews did not perform a
meta-analysis owing to a lack of RCTs. Therefore, the estimate
effect size of VCBT could not be gauged.

Study Objective
As of December 2020, results from new RCTs to validate the
effectiveness of VCBT for people with depressive symptoms
[30-35], chronic pain, and hypochondriasis [36,37] have
emerged. Therefore, there is a need for a systematic review and
meta-analysis focusing on VCBT. The objective of this study
is to examine the effectiveness of VCBT as a treatment option
for psychiatric and somatic disorders in comparison to control
conditions. The population of this review targeted both clinical
and community samples. To increase the credibility of the results
by reviewing high-evidence studies [38], this review included
only RCTs. This study’s protocol was registered with PROSERO
(CRD42021224832) [39]. The protocol planned to include RCTs
targeting children and adolescents. However, owing to a small
number of RCTs with children and adolescents as participants
[40,41], the selection criteria for this review focused on studies
with adult participants. This review was in accordance with the
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Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) 2020 statement [42], see the
PRISMA checklist provided in Multimedia Appendix 1.

Methods

Eligibility Criteria
The eligibility criteria for the original studies to be a part of
review were as follows: (1) subjects of the study were adults
(age>18 years); (2) the intervention was VCBT; (3) the
intervention group was compared to attention training (AT),
treatment as usual (TAU), wait-list control (WLC), or other
active control (AC) conditions; (4) the outcome was the effect
of VCBT on the management of the symptoms of psychiatric
or somatic disorders (primary outcome measures); (5) used a
randomized control study design; and (6) were written in
English. Exclusion criteria were studies in which the intervention
was not based on cognitive-behavioral techniques, participants
were children or adolescents, and the necessary data were
inaccessible.

Information Sources and Search Strategy
To identify previous studies that met our study objective,
systematic searches were conducted on MEDLINE (via
PubMed), Web of Science, Science Direct, PsycINFO,
CINAHL, LILACS, and SciELO using the following terms
related to psychiatric and somatic disorders: “depression,”
“panic disorder,” “social phobia,” “social anxiety disorder,”
“generalized anxiety disorder,” “obsessive-compulsive
disorder,” “post-traumatic stress disorder,” “specific phobia,”
“hypochondriasis,” “bulimia,” “tinnitus,” “erectile dysfunction,”
“chronic pain,” or “fatigue.” To determine the intervention
approach, these search terms were combined with
“videoconference,” “video conference,” “videoconferencing,”
“tele,” “teleconference,” “tele conference,” or
“teleconferencing,” and the search filter “randomized controlled
trial” was used. The search did not include unpublished studies.
Searches were last updated on December 25, 2020. Other
databases were also checked (ClinicalTrials.gov and Cochrane
Central Resister of Controlled Trials), along with the references
of the previous systematic reviews [28,29]. For more
information on the full search strategies, see the complete search
strategy provided in Multimedia Appendix 2.

Process of Selection and Data Collection
A total of 2 reviewers (KM and SH) independently made
decisions on whether they met the selection criteria in
accordance with the aforementioned search strategy. If the
selected studies did not match, the decision was made by a joint
discussion among the research team, including a third party
(ES). The selected studies were managed using EndNote.

Data Items
Participants were those who received VCBT without restrictions,
including clinical samples, community members, and students.
We set the clinical symptoms as outcomes before and after the
intervention. For example, if satisfaction or acceptance of the
intervention was the primary outcome, a secondary outcome to
measure the severity of the target disorder was adopted. The

intervention was conditional on the inclusion of having sessions
with the therapist via a videoconferencing system and cognitive
behavioral techniques such as behavioral activation, cognitive
restructuring, exposure, and mindfulness, among others.

Study Risk of Bias Assessment
The first and second authors (KM and SH) read the abstracts
independently. In case of any disagreement regarding the
inclusion of a particular study, the article was discussed among
all researchers. All studies included in the review were assessed
using the revised Cochrane risk-of-bias tool for randomized
trials (RoB 2) [43,44]. The included studies were rated on each
of the aforementioned dimensions as low risk, some concern,
or high risk.

Statistical Analysis

Effect Measures
The standardized mean difference (SMD) was used in major
meta-analyses because the studies included in this review used
different symptom evaluation scales for the primary outcomes.
The value of SMD depends on the effect size (difference in
mean) and SD of the outcome (unique variation between
participants). In the event of a missing summary statistic, we
contacted the authors. If there was no reply, it was excluded
from this review because there were no data that can be handled.

Synthesis Methods
Statistical analysis was performed by using Cochrane Review
Manager (RevMan; version 5.4.0) [43]. First, standardization
was achieved by dividing the mean difference (the change from
baseline to the end of the study or the value at the end of the
study) by the SD of the control group in the study. Next, in a
meta-analysis, the standardized mean values from individual
studies were integrated to calculate the SMD. The data reflecting
intention-to-treat took precedence over the per-protocol data in
the meta-analysis. Intervention effects were assessed with
random-effect meta-analyses, assuming variation in true effects
and accounting for the hypothesized effect distribution [45,46].
A P value of ≤.05 was considered the threshold for statistical
significance. According to the power calculation by Borenstein
et al [45], a power of 80% to detect a small effect size required
that each group has an average of 25 participants and studies
be 14 or more in number (if the probability of rejecting the null
hypothesis is 5%). Subgroup analyses to the estimation of
intervention effects were conducted for each disorder.

The heterogeneity test and the chi-square test were performed.
Significant heterogeneity of >40% suggests the presence of
heterogeneity [47]. The presence and quantity of statistical
heterogeneity was assessed using the I² statistic, with
significance set at P<.10 [48].

Sensitivity analysis was performed to compare studies that were
judged to have a low risk of bias and to determine the quality
of the affected outcomes.

Reporting Bias
The funnel plots were visually inspected to assess the risk of
bias.
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Results

Studies Included in the Review
Of the 3684 screened studies, 16 (N=1745) met all selection
criteria and were included in the analysis. Figure 1 shows the
inclusion process based on the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) 2020 flow diagram [49]. There was a 3-arm
RCT [33]; 2 arms of those intervention groups were behavioral

activation and problem-solving. In terms of participants’
conditions, 10 studies targeted depressive symptoms
[30,32-35,50-54], 3 focused on chronic pain [31,37,55], 1 on
obsessive-compulsive disorder [21], 1 on general anxiety
disorder [56], and 1 on hypochondriasis [36]. The total number
of participants from whom posttreatment data were collected
was 768 in VCBT and 718 in the control conditions. Studies
that reported 2 RCTs were excluded because no data were
available [57,58].

Figure 1. The inclusion process. VCBT: Videoconference-Delivered Cognitive Behavioral Therapy.

Characteristics of the Selected Studies
The RCTs included in this review were conducted by 13
independent research teams. Of them, 11 were performed in the
United States, 2 in the United Kingdom, 2 in Canada, and 1 in
Norway. The smallest study had 27 participants and the largest

had 343 participants. All studies were published between 2008
and 2020. One RCT was configured with 2 VCBT intervention
arms [33], the sample size of the control group set to half when
the effect size was estimated in the meta-analysis. Table 1
presents the characteristics of each included study (see
Multimedia Appendix 2 for details).
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Table 1. Characteristics of the selected studies.

SamplingQuality
Control,
mean (SD)

VCBTa,
mean (SD)OutcomesParticipants, nInterventionDiseases

Selected
studies

PostPrePostPreControlVCBTControlCBTb

technique

CommunityLow risk9.7
(6.9)

9.1
(6.2)

6.0
(3.9)

8.1
(6.0)

PHQ-9d4040WLCcMindfulnessDepressionAhmad
(2020)
[30]

ClinicalSome concerns17.3
(9.3)

17.4
(10.2)

15.6
(10.0)

20.1
(7.8)

PCSf1215TAUeCBTPainAlschuler
(2021)
[31]

ClinicalLow risk7.6
(4.0)

7.2
(3.4)

5.1
(3.2)

6.2
(3.5)

Depression

HADSg
2119WLCMindfulnessDepressionBogosian

(2015)
[50]

CommunitySome concerns19.2
(7.8)

24.6
(6.6)

13.9
(7.7)

24.6
(6.6)

HAMDi3643Telephone
support
call

PShDepressionChoi
(2014)
[51]

CommunitySome concerns8.3
(4.9)

7.7
(4.5)

5.9
(3.8)

7.2
(4.0)

PHQ-94643Tele friend-
ly visits

Behavioral
activation

DepressionChoi
(2020a)
[32]

CommunityLow risk18.1
(10.7)

22.9
(5.7)

14.6
(9.5)

23.2
(5.7)

HAMD4999ACjBehavioral
activation

DepressionChoi
(2020b)
[33]

CommunityLow risk18.1
(10.7)

22.9
(5.7)

12.4
(10.6)

22.7
(5.7)

HAMD4998ACPSDepressionChoi
(2020b)
[33]

CommunityHigh risk6.6
(4.9)

7.6
(5.2)

6.2
(4.6)

6.8
(5.3)

GAD-7k172171ACPSGADDemiris
(2019)
[56]

CommunitySome concerns8.8
(13.5)

4.8
(6.1)

6.1
(6.6)

11.4
(9.4)

IDDl1421Education
only

PSDepressionElliott
(2008)
[53]

ClinicalSome concerns7.3
(7.7)

12.6
(9.4)

3.7
(4.3)

6.0
(6.6)

DASSm de-
pression

2027Supportive
therapy

CBTDepressionFerguson
(2016)
[54]

ClinicalSome concerns4.4
(5.5)

3.5
(3.4)

2.9
(5.6)

4.9
(2.8)

HADSD4745TAUCBTDepressionEI-
Jawahri
(2020)
[52]

ClinicalSome concerns46.6
(8.1)

48.5
(7.4)

46.6
(9.2)

49.0
(7.3)

PROMISo

depression

9795ACCBSMnDepressionFox
(2020)
[34]

CommunityLow risk11.2
(6.7)

9.9
(6.2)

7.0
(5.0)

8.4
(5.6)

PHQ-98080WLCMindfulnessDepressionEI-Morr
(2020)
[35]

ClinicalSome concerns22.6
(6.8)

25.1
(4.5)

17.7
(8.0)

24.9
(4.2)

SHAIp7878TAUCBTHypochondri-
asis

Morriss
(2019)
[36]

ClinicalSome concerns2.5
(1.9)

2.7
(1.9)

3.3
(2.4)

3.0
(2.1)

Pain severi-
ty

1818TAUPCSTqPainSomers
(2018)
[55]

ClinicalHigh risk23.4
(4.8)

23.4
(2.8)

11.5
(4.8)

24.2
(4.3)

Y-BOCSt1010WLCERPsOCDrVogel
(2014)
[21]

ClinicalSome concerns48.6
(21.8)

63.2
(17.4)

20.7
(17.4)

69.8
(18.2)

Physical
function in

SMFAw

2925TAUTORuPainVranceanu
(2019)
[37]
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aVCBT: Videoconference-Delivered Cognitive Behavioral Therapy
bCBT: Cognitive Behavioral Therapy
cWLC: Wait-List Control
dPHQ-9: Patient Health Questionnaire, 9-item
eTAU: Treatment As Usual
fPCS: Pain Catastrophizing Scale
gHADS: Hospital Anxiety and Depression Scale
hPS: Problem Solving
iHAMD: Hamilton Depression Rating Scale
jAC: Attention Control
kGAD-7: Generalized Anxiety Disorder, 7-item
lIDD: Inventory to Diagnose Depression
mDASS: Depression Anxiety Stress Scales
nCBSM: Cognitive-Behavioral Stress Management
oPROMIS: Patient-Reported Outcome Measurement Information System
pSHAI: Short Health Anxiety Inventory
qPSCBT: Problem-Solving Cognitive Behavioral Therapy
rOCD: Obsessive-Compulsive Disorder
sERP: Exposure Response Prevention
tY-BOCS: Yale-Brown Obsessive-Compulsive Scale
uTOR: Toolkit for Optimal Recovery
wSMFA: Short Musculoskeletal Function Assessment Questionnaire

Risk of Bias in Studies
Evaluation of the quality of the studies included in this review
shows that 4 RCTs (5 comparisons) are at a lower risk of bias
[30,33,35,50], 10 RCTs are of some concern
[31,32,34,36,37,51-55], and 2 RCTs are at a high risk of bias
(see Multimedia Appendix 2 for details) [21,56].

Results of Syntheses
Figure 2, a forest plot, shows the effect size (Hedge g) of each
study and the overall effect size integrated by the meta-analysis.
An effect size estimated below 0 favors guided VCBT. In all
16 studies (17 intervention arms), the pooled between-group
effect size (Hedge g) was −0.49 (95% CI −0.68 to −0.29,
P<.001), showing that VCBT was significantly more effective
than the control conditions.

Figure 2. Forest plot. VCBT: videoconference-delivered cognitive behavioral therapy.

In the 10 studies (11 comparing) focused on depressive
symptoms, the effect size (Hedge g) was medium, at −0.46 (95%
CI −0.60 to −0.32, P<.001). In 3 studies targeting chronic pain,
the effect size (Hedge g) was −0.41 (95% CI −1.49 to 0.67,
P=.46), showing the effectiveness of VCBT, but was not
significant. In the study targeting generalized anxiety disorder,

the effect size (Hedge g) was −0.08 (95% CI −0.31 to 0.14,
P=.46). In the study targeting obsessive-compulsive disorder,
the effect size (Hedge g) was −2.37 (95% CI −3.58 to −1.17,
P<.001). In the study targeting hypochondriasis, the effect size
(Hedge g) was −0.65 (95% CI −1.05 to −0.25, P=.001).
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Results of the Heterogeneity Test
Tests of heterogeneity demonstrated significant differences in

effects across treatments (τ2=0.10; χ2
16=46.40; I2=66%; P<.001).

The heterogeneity was largely driven by a study conducted on
exposure response prevention for obsessive-compulsive disorder
[21], and 2 studies that conducted unique interventions [37,55].

If those studies were excluded, the I2 decreased from 66% to

27%: heterogeneity was not significant (τ2=0.02; χ2
13=17.87;

P=.16). The pooled effect size across all studies changed
marginally from Hedge g=−0.47 (95% CI −0.69 to −0.23) to
Hedge g=−0.44 (95% CI −0.59 to −0.29), if those studies were
excluded from the analysis. In the 10 studies (11 comparing)
on depressive symptoms, tests of heterogeneity demonstrated

no differences in effects across treatments (τ2=0.01; χ2
10=11.09;

I2=10%; P=.35).

Results of Sensitivity Analysis
Subgroup analysis was conducted to verify an association
between the studies’ quality and intervention effects. In the 4
studies (5 comparisons) judged to have a low risk of bias, the
estimated pooled effect size (Hedge g) was −0.56 (95% CI −0.74

to −0.38, P<.001; τ2<0.001, χ2
4=2.13, P=.71; I2=0%) and −0.42

(95% CI −0.69 to −0.16, P=.002; τ2=0.15, χ2
12=42.01, P<.001;

I2=71%) for the other 11 studies. Thus, our results suggest that
study quality did not significantly affect intervention effects.

Publication Bias
Figure 3 displays a funnel plot. Effect sizes were not evenly
distributed around the averaged effect. The lower-right section
of the funnel plot is devoid of studies, which suggests that there
was bias in the pooled effect estimate owing to unpublished
studies.

Figure 3. Funnel plot. SMD: standardized mean difference.

Discussion

Principal Findings
The objective of this systematic review was to investigate the
effectiveness of VCBT as an intervention strategy as compared
to control conditions such as AC, AT, TAU, and WLC using
meta-analysis. Taken together, the results of this meta-analysis
suggest that the pooled effect size of the primary outcomes of
each disorder is medium, indicating that VCBT is especially
effective for depressive symptoms. The novelty of this
meta-analytic review lies in integrating the effectiveness of
VCBT for psychiatric and somatic disorders, extending current
knowledge into the field of remote psychotherapy [28,29,59].
However, most of the RCTs included in this review targeted
depression. Therefore, further RCTs should be performed to
accurately estimate the effectiveness of VCBT for generalized
anxiety disorder, obsessive-compulsive disorder, chronic pain,
and hypochondriasis. The quality of the study in the 16 RCTs
(17 comparisons) was evaluated using RoB [43]: only 4 studies
(5 comparisons) showed a low risk of bias, 10 showed some
concern, and 2 showed a high risk of bias. Meta-analysis with
the 4 studies (low risk of bias) revealed a moderate effect size
and no heterogeneity for the effectiveness of VCBT. This result
was also similar to those of a meta-analysis of 11 studies in
which other judgments were made for all 16 RCTs (17
comparisons) and other bias risks. Therefore, the findings of

this systematic and meta-analysis suggest evidence that VCBT
is also effective for diseases for which face-to-face and guided
ICBT have been demonstrated [8,16,17].

Strengths of the Review
This meta-analysis has several strengths. The results of this
systematic review and meta-analysis for psychiatric disorders
extend support in favor of VCBT as an effective mode of
intervention. Prior systematic reviews of CBT utilizing
videoconferencing systems did not include meta-analysis
[28,29]. Furthermore, this study has integrated the results of
RCTs that directly compared the effectiveness of VCBT for
typical psychiatric disorders with minimal intervention. Our
results provide useful information for clinicians and policy
makers to take the practicality of VCBT into account, especially
in response to the COVID-19 pandemic [60].

Limitations
This study also has some limitations. First, the analyzed studies
were highly heterogeneous. Second, this study adopted a broad
definition of CBT. CBT is a broad concept that includes
treatment methods such as cognitive therapy, behavioral therapy,
acceptance and commitment therapy, behavioral activation,
problem-solving techniques, and prolonged exposure therapy.
Therefore, the effect size should ideally be estimated for each
therapeutic technique in the future, as was performed in a
previous review of cognitive therapy for depression [61].
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However, the effectiveness of each cognitive behavioral
technique could not be calculated in this study, owing to the
small number of pre-existing studies to analyze intervention
categories and subcategories. Furthermore, owing to the
inconsistent control criteria in this review, it is not possible to
assess the exact effectiveness of VCBT. The gold-standard
design for estimating the effect of treatment is RCT with
psychological or the pill placebo group [62]. These control
conditions can be standardized to control the impact of patient
expectations on outcomes. Therefore, to estimate the
effectiveness of VCBT accurately, it is necessary to perform a
meta-analysis at the stage when RCT with psychological or pill
placebo group is sufficiently accumulated. Further, this review
only included studies that used adult participants owing to the
low number of RCTs for children and adolescents. In future,
RCTs to evaluate the effectiveness of VCBT should also be
conducted on samples of children and adolescents. Since we
only included articles written in English, we need to examine
studies reported in more diverse languages in the future. Finally,
long-term effectiveness of VCBT was not analyzed. Since this
study succeeded in demonstrating the short-term effectiveness
of VCBT for adult psychiatric disorders and somatic symptom
disorders, the results of long-term effectiveness in the future
RCTs should also be integrated.

Comparison With Prior Work
Our results, indicating that VCBT is effective for somatic
disorders, extend support to those of Liu et al [9], who compared
VCBT and face-to-face CBT. Additionally, the overall effect
size estimated in this meta-analysis is very similar to previous
results on face-to-face CBT and computerized CBT for treatment
of depression and anxiety, compared to primary care TAU
[61,63]. Furthermore, the effect size (Hedge g=0.46, medium
effect size) of VCBT for depressive symptoms is consistent
with previous results (Hedge g=0.71, large effect size) of a
bias-adjusted meta-analysis [64]. Therefore, our findings
demonstrate the effectiveness of VCBT as a treatment option
for adults with psychiatric disorders.

This review did not include exposure techniques except for an
RCT by Vogle et al [21]. Real-time interventions that utilize
videoconferencing systems have the advantage of exposing the
home environment of the patient [65]. At the same time, it is
difficult to match up to the interpersonal experience of working

with a therapist to resolve the issues, especially in the treatment
for disorders that require exposure therapy such as
obsessive-compulsive disorder and panic disorder. In case of
obsessive-compulsive disorder, patients are afraid of things
such as hospital floors, rags, and toilet paper. In case of panic
disorder, the task of working with the therapist to climb stairs
and exercise may be difficult to perform. Therefore, it would
be premature to determine the effectiveness of VCBT for
patients with anxiety disorders from the effect sizes shown in
this review. The results of clinical studies that were not RCTs
show that VCBT is sufficient to improve symptoms of
obsessive-compulsive disorder and panic disorder [18,21,65],
where exposure is an important therapeutic component [66,67].
In the future, tightly controlled RCTs are expected to be
implemented, and this review should be updated with regard to
the calculation of integrated estimated effect sizes for those
disorders.

The number of studies included in the analysis corresponding
to each condition was small, except for depressive symptoms.
However, the total number of studies and participants made it
possible to detect significant differences between VCBT and
control conditions. However, the high degree of heterogeneity
indicates the need for careful interpretation of our results. While
the risk of bias detected in the quality assessment appeared to
have an overall minor impact, there may be publication bias,
as no negative results were reported. Namely, the funnel plot
in this study suggests that there was bias in the pooled effect
estimate owing to unpublished studies. Positive findings are
thrice more likely to be published than negative findings [68];
hence, careful interpretation of our results is required.

Conclusions
This study attempted to provide evidence in favor of the
effectiveness of VCBT as a feasible alternative approach to
service patients with poor access to face-to-face CBT. VCBT,
has the advantage of facilitating real-time communication
between patients and therapists. This has important implications
for clinicians and policy makers because it is a well-accepted
approach that has demonstrated a high degree of satisfaction
[19]. Although more studies are needed to draw firm
conclusions, findings such as those from our meta-analysis show
that VCBT is a promising treatment for future use [69].
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Abstract

Background: Pediatric drug calculators (PDCs) intended for clinical use qualify as medical devices under the Medical Device
Directive and the Medical Device Regulation. The extent to which they comply with European standards on quality and safety
is unknown.

Objective: This study determines the number of PDCs available as mobile apps for use in the Netherlands that bear a CE mark,
and explore the factors influencing the CE marking of such devices among app developers.

Methods: A scoping review of Google Play Store and Apple App Store was conducted to identify PDCs available for download
in the Netherlands. CE accreditation of the sampled apps was determined by consulting the app landing pages on app stores, by
screening the United Kingdom Medicines and Healthcare products Regulatory Agency’s online registry of medical devices, and
by surveying app developers. The barriers to CE accreditation were also explored through a survey of app developers.

Results: Of 632 screened apps, 74 were eligible, including 60 pediatric drug dosage calculators and 14 infusion rate calculators.
One app was CE marked. Of the 20 (34%) respondents to the survey, 8 considered their apps not to be medical devices based on
their intent of use or functionality. Three developers had not aimed to make their app available for use in Europe. Other barriers
that may explain the limited CE accreditation of sampled PDC apps included poor awareness of European regulations among
developers and a lack of restrictions when placing PDCs in app stores.

Conclusions: The compliance of PDCs with European standards on medical devices is poor. This puts clinicians and their
patients at risk of medical errors resulting from the largely unrestricted use of these apps.

(J Med Internet Res 2021;23(12):e31333)   doi:10.2196/31333

KEYWORDS

pediatric; drug dosage calculator; European regulations; safety; medical devices; medical errors; app; application; mobile health;
pharmacy
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Introduction

The use of mobile health (mHealth) apps among clinicians is
growing [1,2]. In 2015, 60% of medical doctors in the
Netherlands used at least 1 mHealth app [3]. The widespread
use of mHealth apps creates new risks for patient safety [4,5].
These risks include both technical malfunctions and misuse,
either of which may lead to life-threatening medical errors [4].

To mitigate these risks, the European Union (EU)’s 2007
Medical Device Directive (93/42/ECC) (MDD) qualifies
“any…software…intended by the manufacturer to be used…for
the purpose of diagnosis…or treatment…of disease” as a
medical device [6]. The MDD categorizes medical devices into
4 classes of risk (Classes I, IIa, IIb, and III) based on their
technical characteristics, invasiveness, and potential for harm.
Each class of risk determines a specific conformity assessment
procedure for legally entering the European market. The higher
the class of risk, the more stringent the conformity assessment
procedure, with the overall objective being to provide adequate
safeguards for users to be able to safely use the device. For
example, for a Class II medical device, conformity assessment
entails an evaluation of the device’s technical documentation
as well as its quality management system [6]. Depending on
the device classification, conformity assessment is performed
by either the manufacturer (Class I) or a European Notified
Body (Class IIa and above). Once the conformity assessment
is complete, medical devices obtain a CE mark, indicating their
conformity with European health and safety standards, allowing
them to be made available to the public within the extended
single market of the European Economic Area (EEA) [7].

In May 2017, the MDD was replaced by the Medical Device
Regulation (2017/745) (MDR) [8]. Among other changes, the
MDR addresses software as a distinct item and establishes more
stringent classification rules for software apps under Rule 11
[8,9]. By May 2021, all new devices placed on the European
market were required to comply with the MDR. Devices already
certified under the MDD may continue to be placed on the
European market until May 2024, with the exception of Class
I devices receiving a higher class under the MDR [10,11].

Despite increasingly binding European regulations, poor
compliance of mHealth apps with EU certification requirements
has been found. An examination of a sample of health apps
freely available on several app stores by the Dutch Royal
Institute for Public Health and the Environment reported that
less than half are CE marked, as appropriate [12].

Pediatric drug calculators (PDCs) are tools designed to help
clinicians overcome the complexities of dosing calculations in
pediatrics and are increasingly used in clinical care [13]. By
allowing clinicians to calculate drug doses to be administered
to children based on patient characteristics, most often their
weight, PDCs constitute 1 example of medical apps potentially
associated with new risks for patients [14,15]. PDCs have
received little scrutiny with regard to their conformity to
European standards [12,16]. In this study, we perform a scoping
review of Google Play Store and Apple App Store to identify
PDCs available for download in the Netherlands and determine

their CE accreditation status. Barriers to CE accreditation are
explored through developer surveys and interviews.

Methods

Definitions
In this study, a PDC was defined as a mobile app that allows
clinicians to enter information about an individual child’s weight
or age in order to calculate a recommended drug dosage for that
child. Programs designed to determine an infusion rate or
dilution volume for a given drug dosage were also defined as
PDCs.

Because PDCs perform transformation of data intended to
inform treatment decisions for individual patients, they would
qualify as medical devices under the MDD and the MDR
[6,8,17,18]. According to the MDD, PDCs would be classified
as Class I medical devices [6]. In line with Rule 11 of the MDR,
any software “intended to provide information…used to take
decisions with…therapeutic purposes” falls under Class IIa.
When such decisions can cause “a serious deterioration of a
person's state of health…,” the software falls under Class IIb
[8]. If the decision has the potential to “cause death or an
irreversible deterioration of a person's state of health,” the
software receives a class III classification [8]. PDCs intended
for clinical use would therefore be classified as Class IIa or
above under the MDR.

The terms “application provider,” “manufacturer,” and
“developer” have been used interchangeably in this study.

Search Strategy and Screening
A scoping review of PDCs available on app stores was
performed using the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) methodology [19].
Apps were searched for on Google Play Store (Android system,
desktop version) and Apple App Store (iOS system, mobile
version) between April 8 and April 19, 2020. Separate searches
were performed in both app stores using the following search
terms: “pediatric drug,” “pediatric drug calculator,” “neonatal
drug,” and “neonatal drug calculator.” Sample searches for the
terms “pediatric drug” and “pediatric drug calculator” were also
conducted in both app stores. They produced identical results
to the ones obtained for the previous search terms and were
hence not completed. All sampled apps were deduplicated and
screened by an individual reviewer (author CK). The availability
of each app on Google Play Store and Apple App Store was
verified independently of the initial search results.

Eligibility criteria were defined a priori. Apps were required to
appear to be designed for health care professionals, including
medical students, doctors, nurses, and paramedics. A PDC was
required to be the main functionality or 1 of several
functionalities of each app. The drug dosage calculator should
have been developed for a pediatric population, with users able
to calculate a drug dose for a specific weight, age, or body
surface area. PDCs for oral or intravenous drugs were eligible
if they covered more than 1 drug. Infusion dilution and infusion
rate calculators were also included. Apps solely performing
calculations for parenteral nutrition, maintenance fluids,
electrolytes, or chemotherapy were excluded.
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PDCs were screened based on their name, description, and
screenshots available in each app store. Only apps that were
freely available were downloaded.

Data Extraction and Qualitative Analysis
The name, manufacturer, and country of manufacture of each
PDC were collected. Information about the type of calculations
performed (drug dosage or infusion dilution or rate), the
intended location of use (within or outside the EEA), and the
number of downloads on Google Play Store were captured. To
determine the CE marking status, we searched the PDC
description and screenshots in app stores, any documentation
provided on the app website, and relevant pages of the
downloaded app (License, Disclaimer, About, or Terms and
Conditions).

All PDC manufacturers with identifiable contact information
were contacted through email (see Multimedia Appendix 1).
Developers were invited to provide information about the type
of calculations performed and the intended location of use of
their PDC. They were asked whether their apps were CE marked
and were invited to describe their considerations in choosing
whether to pursue CE marking. They were additionally asked
to report any barriers encountered in the CE accreditation
process. When their responses called for clarification, they were
recontacted. App providers were interviewed through video
calls whenever they accepted to do so.

Data obtained from PDC manufacturers were anonymized
through the attribution of a numeric code and access restricted
to the first author. Responses from developers were manually
analyzed. Separate considerations and barriers to CE
accreditation were identified from their responses and
categorized through thematic inductive analysis by 1 reviewer
(CK). Developers’ responses were coded against the identified
themes. The coded list of barriers and considerations was
discussed with 2 additional authors (JC and NA), and
discrepancies were resolved through consensus.

When relevant information about CE accreditation could not
be obtained from the aforementioned sources, registration of
the app on the United Kingdom Medicines and Healthcare
products Regulatory Agency (MHRA) was searched using the
MHRA website’s search function with the app manufacturer
name [18]. At the time of data collection, the MHRA website
constituted the only available repository of information related
to the CE accreditation of medical devices in the EU.

Both app stores were contacted through their online contact
pages to inquire about their review process for medical apps
and the extent of their collaboration with European regulatory
authorities.

Ethics
According to the Dutch Medical Research Involving Human
Subjects Act, formal ethical review was not needed.
Interviewees provided informed consent through email to collect
and store their anonymized responses and for these to be
published. Patient consent was not applicable.

Data Sharing
All data that informed this study are contained within the article
and its supplementary files.

Public and Patient Involvement
Patients and the public were not involved in the design, conduct,
reporting, dissemination plans of this research.

Transparency
The lead author affirms that this manuscript is an honest,
accurate, and transparent account of the study being reported;
that no important aspects of the study have been omitted; and
that any discrepancies from the study, as planned, have been
explained.

Results

Inclusion and Classification of Apps
A total of 632 PDCs were included for screening after
deduplication (see Figure 1 and Multimedia Appendix 2). Of
these, 74 (11.7%) PDCs met the inclusion criteria: 66 of the 74
(89.2%) apps were available on Google Play Store and 8
(10.8%) on Apple App Store (see Table 1); 20 (27%) apps were
available on both stores. In addition, 18 of 74 (24.3%) apps
were developed in EEA countries, 60 (81.1%) included a drug
dosage calculator, and 14 (18.9%) incorporated an infusion rate
or infusion dilution calculator without a drug dosage calculator.
The number of installations per app on Google Play Store varied
from 10-100 to over 100,000; 13 of 74 (17.6%) apps had been
installed over 100,000 times. Of the 74 screened PDCs, only 1
(1.4%) app was CE marked.
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Figure 1. Flowchart. EEA: European Economic Area.
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Table 1. Sampled app characteristics, including CE accreditation.

CE markingPurchasing feeInstallations (n)bLast updateaApp storeCountryApp nameNumber

NoNo5000-10,0002019Google PlaySpainAnestCRITIC Crisis
y Anestesia

1

NoNo50,000-100,0002019Google PlayPortugalAnesthesia Assist2

NoYes100-10002018Google PlayUnited StatesAnesthesia Drugs
Fast

3

NocNo5000-10,0002019Google PlaySpainAnesthesia ICC infu-
sion calculator

4

NocNoOver 100,0002016Google PlayUnited StatesAnesthesiologist5

NoNo5000-10,0002019Google PlayIndiaAnesthetic drugs6

NoYes1000-50002020Google PlayUnited StatesClinical Calculator
PLUS

7

NoYes1000-50002019Google PlayDenmarkCoPE Paediatric
Emergency

8

NoYesOver 100,0002019Google PlayHong KongDosage Calculator9

NoNoOver 100,0002020Google PlayEgyptDose calculator10

NocNo5000-10,0002016Google PlayUnited KingdomDosefinder 111

NoNo1000-50002019Google Play—dDosis Pediatricas12

NocNoOver 100,0002020Google Play,
Apple App

SpainDosisPedia13

NoYes1000-50002020Google PlayUnited StatesDrDrugs: Drug
Guide for Physicians
- 2020 Updates

14

NocNo50,000-100,0002018Google PlaySaudi ArabiaDrug dosage calcula-
tions

15

NoNo5000-10,0002016Google PlayUkraineDrug Dose16

NocNo5000-10,0002017Google PlayThailandDrugCalc: Pediatric
dosing calculator

17

NocYes5000-10,0002019Google Play,
Apple App

United StatesDrugDoses18

NoNo10,000-50,0002019Google PlayJordanDrugscape dose cal-
culator

19

NoNoOver 100,0002018Google PlayAustraliaEasy Drug Dose
Calculator

20

NocYes——Apple AppUnited StatesEBMcalc Pediatrics21

NoNoOver 100,0002020Google Play,
Apple App

United StateseBroselow SafeDose22

NoYes——Apple AppUnited StatesEMS Calculator23

NoYes——Apple AppUnited StatesEMS Drugs Fast24

NocNo10,000-50,0002019Google PlayChileEnfermerApp25

NoNo——Apple AppUnited StatesGIR Calc26

NocNo10,000-50,0002018Google PlayEgyptInfinite dose: the
smart dosage calcula-
tor

27

NoNoOver 100,0002020Google Play,
Apple App

ColombiaInfusions28

NocNo10,000-50,0002019Google PlayEgyptInfusions - Infusions
Calculator

29
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CE markingPurchasing feeInstallations (n)bLast updateaApp storeCountryApp nameNumber

NocNo5000-10,0002016Google PlayJordanInotropes Rate Calcu-
lator

30

NocYes5000-10,0002019Google PlayUnited StatesIntravenous Medica-
tions Gahart

31

NoNo50,000-100,0002013Google PlayIndiaKids Drug Dosage
Calc - PaedRx

32

NocYesOver 100,0002020Google Play,
Apple App

United StatesLexicomp33

NocNo5000-10,0002018Google PlayIndiaMedic Dose Calcula-
tor

34

NocNo500-10002019Google PlayUnited StatesMedical Calculator35

NoYes10,000-50,0002018Google Play,
Apple App

United StatesMediquations Medi-
cal Calculator

36

NoNo10,000-50,0002019Google PlaySyriaMillidos: Pediatric
Drug Dosages

37

NoNo100-10002019Google Play—MKD Dosage Calc38

YesNo50,000-100,0002017Google Play,
Apple App

United KingdomNeomate39

NoYes——Apple AppIrelandNeonaCal40

NoYes100-10002019Google Play,
Apple App

United KingdomNeonatology41

NoYes100-10002019Google Play,
Apple App

United KingdomNICU42

NocNoOver 100,0002020Google PlayIndiaNursing calculator43

NoNo1000-50002019Google PlayUnited KingdomPaediatric Emergen-
cies

44

NoYes100-10002019Google Play,
Apple App

United KingdomPaediatric Emergen-
cy Tools

45

NoYes5000-10,0002013Google Play,
Apple App

United StatespalmPEDi: Pediatric
Tape

46

NoYes10,000-50,0002019Google PlayUnited StatesParamedic Meds47

NoYes10-502018Google Play,
Apple App

SwitzerlandPedAMINES48

NocNoOver 100,0002017Google Play,
Apple App

GermanyPed(z) - Pediatric
Calculator

49

NocNo10,000-50,0002017Google PlayEgyptPedCalc50

NoNo1000-10,0002019Google Play,
Apple App

United StatesPedi Crisis 2.051

NoNo50,000-10,0002017Google Play,
Apple App

SwitzerlandPedi Help52

NoYes10,000-50,0002016Google PlayUnited StatesPedi Safe Medica-
tions

53

NoNo——Apple AppUnited StatesPedi Safe Pediatric
Anesthesia

54

NoYesOver 100,0002018Google Play,
Apple App

CanadaPedi STAT55

NoYesOver 100,0002020Google Play—Pediatria calculadora
dosis/kg

56

NoNoOver 100,0002019Google PlayHong KongPediatric dosage cal-
culator

57

J Med Internet Res 2021 | vol. 23 | iss. 12 | e31333 | p.89https://www.jmir.org/2021/12/e31333
(page number not for citation purposes)

Koldeweij et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


CE markingPurchasing feeInstallations (n)bLast updateaApp storeCountryApp nameNumber

NoYes50-1002016Google Play,
Apple App

NetherlandsPediatric dose calcu-
lator

58

NoNo10,000-50,0002020Google PlayEgyptPediatric doses calcu-
lator

59

NoYes——Apple AppUnited StatesPediatric Gas for
Anesthesia

60

NoNoOver 100,0002020Google PlayUnited KingdomPediatric Guide-
line/Emergency/Pedi-
atric child care

61

NoYes10-502016Google Play,
Apple App

NetherlandsPediatric IV calcula-
tor

62

NoNo50,000-100,0002014Google Play—Pediatric IV dosage63

NocNo50-1002019Google PlayUnited StatesPediatric IV Rate64

NoNo50,000-100,0002015Google Play—Pediatric oral dosage65

NoNo——Apple AppMiddle EastPediatric pedia66

NoNo10,000-50,0002017Google PlayUnited StatesPediRef: Pocket Pe-
diatrics

67

NoNo1000-50002019Google Play,
Apple App

United StatesPedsGuide68

NoNo50,000-100,0002019Google PlaySpainPeKemecum69

NoNo1000-50002019Google Play,
Apple App

United KingdomPICU Calculator70

NocYes10,000-50,0002015Google PlayAustraliaPICUDoctor 5 -
Cardiac Guide

71

NoNo——Apple AppUnited StatesRightDose72

NoNo5000-10,0002019Google PlayBangladeshSmartPedi-Pediatric
Treatment & Dose
Calculator

73

NoNo5000-10,0002018Google PlayDominican RepublicUCIN-Calc Beta74

aLast update on Google Play Store.
bNumber of installs on Google Play Store on May 8, 2020.
cInformation obtained from the app developer.
dNot available.

Qualitative Analysis

App Developers
Of 61 app developers, 59 (96.7%) for whom contact information
was available were contacted through email; 1 (1.6%) developer
was additionally contacted through a video call. Responses were
obtained from 20 of 59 (33.9%) providers that developed 21
apps (see Table 2). Of the 20 developers, 3 (15%) were based
in the EEA. None of the apps developed by the respondents
were CE marked. In addition, 2 of the 20 developers (10%)
indicated that they understood that their apps qualified as Class
I medical devices under the MDD but were not CE marked
(developers 4 and 8), while 2 (10%) had attempted to get their
apps CE marked but were unsuccessful (developers 5 and 18).

The most frequent reason for not pursuing CE accreditation
provided by developers was that in their view, their apps did
not qualify as medical devices (8/20, 40%). Various arguments
informed this assessment. Of the 20 developers, 2 (10%) referred

to the intended use of their apps, stating that the apps were
designed as a reference or an educational tool for clinicians as
opposed to a clinical decision-making aid (developers 11 and
15). This disclaimer was also frequently provided in the end-user
licenses of sampled apps. Other developers referred to their
apps’ functionality, describing them as digital documents
(developer 1) or books (developer 14), which did not entail
manipulation of data. In both cases, the functionality of the apps
involved transformation of data. Arguments pertaining to
functionality also examined the nature of the information being
input into and delivered by a given app, and the weight of the
result in determining the process of care. Developer 18
highlighted a difference between drug dosage calculators that
could be seen as medical devices owing to their recommending
a specific drug dose based on an individual patient’s
characteristics, and the infusion rate or dilution calculators
performing simple conversion operations on pre-established
drug prescriptions. According to developers 8 and 13, the level
of transparency and complexity of the computations performed
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by an app constituted key factors when determining whether it
qualified as a medical device. Developer 13 suggested that if
the calculations performed by an app are simple enough to be
immediately replicable by users, then the app would not qualify
as a medical device. Developer 8 suggested that even for more
complex calculations, if the calculations are linked to
user-accessible formulae and bibliographic support, the app
should not be classified as a medical device.

Other reasons put forward by developers as justification for not
CE-marking their apps included a lack of knowledge of
European legislation on medical devices (3/20, 15%), the fact
that their apps were not devised for use in EEA countries (3/20,
15%), and the fact that no certification was required for access
to Google Play or Apple App Store (4/20, 20%). Several
manufacturers described app stores as implicit arbiters for
matters of regulatory compliance or safety (“My app was
evaluated in the…store by the public user” or “It was very easy
to place on the…store.”). Of the 20 providers, 3 (15%) indicated
that Apple App Store was more restrictive than Google Play
Store when granting access for PDCs; 1 (5%) developer outside
the EEA argued that his app did not require testing or
accreditation according to the regulations of his country
(developer 15).

Several barriers to CE marking were outlined by developers.
Of the 20 manufacturers, 2 (10%) indicated that the process was

too complex (developers 4 and 18), and 1 (5%) said it was too
costly to take on as an individual developer or a small enterprise
(developer 18). This appeared more generally relevant across
the sample, with multiple developers stating that they were
clinicians with programming skills who developed a PDC “as
a hobby” (developer 6) or “for their own use” (developer 16).
An added barrier in this view concerned the lack of institutional
support received by app manufacturers seeking to obtain a CE
marking that were also affiliated to a hospital or a university.
After receiving confirmation from national regulatory authorities
that his app qualified as a Class I medical device under the
MDD, developer 4 asked the relevant national health care
institution for its support in the CE accreditation process. He
did not obtain this support due to the institution’s concerns over
the costs and associated legal liability. He shared that
“developers are often left unsupported by their associated
institutions...I think mostly because of a lack of experience and
knowledge regarding the governance and legal implications,
many institutions feel vulnerable and unwilling to engage with
regulatory bodies.” Overall, this “had an unfortunate regressive
effect” on the dissemination of his app. Independently of CE
accreditation, 5 of 20 (25%) developers had sought alternative
forms of clinical validation for their apps, for example, by
national experts.

Table 2. Developer responses on the barriers to CE accreditation.

Total devel-
opers (n)

DeveloperaBarriers to CE accreditation and other consid-
erations outlined by developers on the CE
accreditation process

2019181716151413121110987654321

5✗✓✗✗✗✗✗✗✓✗✓✗✗✗✓✗✗✗✓c✗bNo reason provided

3✗✗✗✗✓✗✗✗✗✗✗✗✗✓✗✗✗✓✗✗App not meant for use in European countries

8✓✗✓✗✗✓✓✗✗✓✗✓✓✗✗✗✗✗✗✓Not a medical device

3✗✗✗✗✗✗✗✗✗✗✗✗✗✓✗✓✗✓✗✗Unaware of the EEAd medical device regula-
tions

1✗✗✗✗✗✓✗✗✗✗✗✗✗✗✗✗✗✗✗✗Compliant with national regulations (non-
EEA)

3✗✗✗✓✗✗✗✓✗✗✗✓✗✗✗✗✗✗✗✗App store not requiring certification

1✗✗✗✗✗✗✗✗✗✗✗✗✗✗✗✗✓✗✗✗Discussed with national certification authori-
ties

1✗✗✗✗✗✗✗✗✗✗✗✗✗✗✗✗✓✗✗✗Did not receive institutional support

2✗✗✓✗✗✗✗✗✗✗✗✗✗✗✗✗✓✗✗✗Process too complex

1✗✗✓✗✗✗✗✗✗✗✗✗✗✗✗✗✗✗✗✗Process too costly

5✗✗✓✗✗✗✗✗✗✗✗✗✓✗✗✓✓✗✗✓App undergoing another form of validation

aOf the 20 providers, 1 (5%) had developed 2 apps; we did not indicate which one in order to prevent its identification.
b✗: no.
c✓: developer provided this specific reason.
dEEA: European Economic Area.

App Stores
Neither store provided information about its review process and
collaboration with European regulatory authorities. Apple App

Store’s guidance states that “drug dosage calculators must come
from the drug manufacturer, a hospital, university, health
insurance company, pharmacy or other approved entity, or
receive approval by the FDA or 1 of its international
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counterparts” [20]. No such clause was found in the Google
Play Store guidance [21].

Discussion

Principal Findings
We systematically reviewed the CE accreditation of PDCs
available on 2 mobile app stores in the Netherlands. Of 74
sampled PDCs, 1 (1.4%) had the appropriate CE marking in
conformity with the MDD. At a time when European regulatory
authorities are seeking to enhance their scrutiny of medical apps,
for example, through the MDR, this study sheds a new light on
several barriers to CE accreditation for eligible mHealth apps.

This study delivered several new insights. It revealed that almost
all PDCs available for download in the Netherlands fail to
comply with European regulations on medical devices. The
only app that is certified under the MDD (Neomate; see Table
1) will likely require additional assessment due to the more
stringent classification requirements of the MDR [3,8,22]. The
status quo with regard to CE accreditation for PDCs available
on app stores is concerning, especially considering the fact that
these apps are widely used by clinicians and have the potential
to cause harm. Of the 74 PDCs identified on the screened stores,
13 (17.6%) had been downloaded over 100,000 times. Our
findings thus echoed those of earlier studies highlighting the
widespread use of mHealth apps among clinicians, including
pediatricians [1,3].

Multiple reasons were identified for PDC manufacturers’ poor
compliance with European regulations. First, PDC developers
appeared to have varying levels of awareness of the existence
of such regulations. For those manufacturers that knew about
these regulations, European rule interpretation was ambivalent.
Several developers argued that their apps do not qualify as
medical devices according to the relevant European standards.
This was true despite the clear statement by the MDD, the MDR,
and associated European and European member state guidance
that any software involving manipulation of data intended to
be used for diagnostic or treatment purposes in individual
patients qualify as a medical device [3,6,8,17,22]. The concept
of intent of use seemed especially prone to a variety of
interpretations by manufacturers. Many of those interviewed,
as well as the end-user licenses of multiple sampled apps,
indicated that their PDCs were for reference or educational
purposes only. This claim, however may be in conflict with the
actual use of such apps by their users, given their functionality.
Although data on PDC usage by clinicians is scarce, anecdotal
evidence suggests that the advice generated by such apps is
frequently used to inform real patient care.

Reflecting on the functionality of their apps, some developers
highlighted a difference between pediatric drug dosage
calculators and calculators of infusion volumes or rates [23].
The difference, they contended, pertained to the type of
information being input into the app and the data delivered by
it, as well as the complexity and transparency of the
computations it ran. Although drug dosage calculators generated
medication advice based on individual patient characteristics,
this was not the case for infusion rate calculators that performed

conversion calculations on a pre-established drug dosage. This
distinction, however, does not align with MDD guidance nor
with the MDR, which take the stance that any app involving
transformation of data subsequently informing the treatment of
an individual patient qualifies as a medical device, irrespective
of the complexity of the transformation [6,7,17].

In addition to disagreements on the substance of European law,
another barrier hampering broader CE accreditation of eligible
apps concerned the technical nature and potential costs
associated with this process. According to the MDD and the
MDR [6,8], the onus of certification falls on providers that may
lack the capacity to take on the associated liability and costs
[24,25]. The challenging nature of the conformity assessment
process will only increase under the MDR, given the
up-classification of software apps, leading to additional
evaluation requirements, including the appointment of a notified
body [8,9]. In this context, a general lack of institutional support
for developers seeking CE accreditation for their apps may
become even more discouraging.

Another factor likely to undermine the compliance of PDC
manufacturers with European standards on medical devices
concerns the lack of an established process for enforcing these
rules at a premarket stage. As with other European legislations,
the enforcement of the MDD and the MDR is incumbent upon
each EU member state [26]. Although the Dutch Decision on
Medical Devices states that the distribution and use of apps that
fail to obtain a CE mark is forbidden [27], it does not provide
any enforcement means before such apps become available on
app stores. Restrictive measures are unlikely to be taken unless
a medical error resulting from the use of software occurs,
especially if the latter leads to litigation. In this case, the
responsibility for the medical error falls on both app users and
the app developer [3]. Although the MDR tightens the
requirements for CE accreditation and enhances postmarket
surveillance [28], it does not fundamentally change the principle
by which software manufacturers are themselves responsible
for initiating the CE marking process [8]. Effectively, the EU’s
reliance on this framework in the absence of institutional support
for developers and of control mechanisms at a premarket stage
may have contributed to making other actors, for example, app
stores, informally responsible for restricting European market
access. It also implies that clinicians (or their institutions)
wishing to use a PDC should themselves assess whether an app
is properly accredited despite their lack of expertise in such
matters [5].

Among other measures, these findings speak to the need for
making CE marking information more readily available to PDC
users. This may be achieved through the planned extension of
the European Database on Medical Devices (EUDAMED),
scheduled to become publicly accessible in May 2022 [29,30],
and through the introduction of unique device identifiers for
medical devices across the EEA, expected by 2024 [31]. EEA
member states may also choose to build on existing online
registries of certified or evidence-based apps [16,32]. European
authorities could seek to formally engage app stores as partners
in the enforcement of the European MDR. At this stage, it
appears that the initiative for restricting access to app stores
resides with the app stores themselves, as illustrated by the
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various levels of restrictions described in the guidance
documents of Apple App Store and Google Play Store. The
finding that more PDCs were available on Google Play Store
(66/74, 89.2%) than on Apple App Store (28/74, 10.8%) may
suggest that differences in the stringency of requirements
contributed to developers’ decisions on where to make their
apps available.

Limitations
This work had several limitations. Web-based PDCs that did
not have a mobile interface, for example, the Dutch Paediatric
Formulary calculator, which was developed in conformity with
the requirements of the MDD [33,34], were excluded. The
restricted search functions of app stores limited the
comprehensiveness of the search possible, for example,
excluding paid-for apps. As a result, the list of PDCs included
from those stores may not be exhaustive and may only apply
to apps available for download in the Netherlands. Eight apps
that were only available for purchase were excluded.
Considering the potential differences between freely available
apps and apps that were available for purchase and whose
manufacturers may thus rely on additional finances to recover
the costs associated with obtaining a CE marking, this could
have led to selection bias. Despite the existence of MDD
guidance stating that CE accreditation should be clearly
displayed on app landing pages in the relevant stores [17] and
our cross-referencing of multiple sources, it is possible that 1
or more CE-marked PDCs were misclassified. In the absence
of a mandatory statement on CE accreditation on the app stores,
PDC developers were contacted directly. Additionally, 2 of the

61 (3.3%) developers could not be contacted due to missing
contact information, and only 20 of the 59 (33.9%) developers
contacted provided responses. This relatively low response rate
was likely to introduce response bias into the qualitative
component of the study. We expect therefore that those
developers who responded may represent those who wish to be
accessible to those with questions about their apps, and as such
their responses may not be representative of all app developers.

Conclusion
This study demonstrates that almost no PDC currently available
on two app stores accessed in the Netherlands adheres to
European regulations on CE marking. In addition to the limited
awareness of these norms among PDC developers, this
compliance gap can be related to incorrect rule interpretation
by some app manufacturers, the lack of mechanisms for
verifying mHealth apps’ compliance with European medical
device rules before market access, and the technical nature of
the CE accreditation process for developers often lacking
institutional support.

Although limited to a single category of apps, it is likely that
these findings apply to a broader set of mobile devices being
used in clinical settings. This lack of regulatory compliance
puts both clinicians and patients at risk of medical errors
resulting from the use of uncertified and, in some cases,
potentially unsafe PDCs. This practice therefore undermines
the potential impact of the MDD and the MDR, which strive to
create a technologically safer European medical landscape,
while supporting clinicians’ trust in the devices they use.
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Abstract

Background: Disrupted social connections may negatively affect youth mental health. In contrast, sustained quality social
connections (QSCs) can improve mental health outcomes. However, few studies have examined how these quality connections
affect depression and anxiety outcomes within digital interventions, and conceptualization is limited.

Objective: The aim of this study is to conceptualize, appraise, and synthesize evidence on QSC within digital interventions
(D-QSC) and the impact on depression and anxiety outcomes for young people aged 14-24 years.

Methods: A systematic scoping review and meta-analysis was conducted using the Joanna Briggs Institute methodological
frameworks and guided by experts with lived experience. Reporting was guided by the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses). The MEDLINE, Embase, PsycINFO, and CINAHL databases were searched against
a comprehensive combination of key concepts on June 24, 2020. The search concepts included young people, digital intervention,
depression, anxiety, and social connection. Google was also searched. A reviewer independently screened abstracts and titles and
full text, and 9.99% (388/3882) of these were screened by a second reviewer. A narrative synthesis was used to structure the
findings on indicators of D-QSC and mechanisms that facilitate the connection. Indicators of D-QSC from the included studies
were synthesized to produce a conceptual framework.

Results: Of the 5715 publications identified, 42 (0.73%) were included. Among the included studies, there were 23,319
participants. Indicators that D-QSC was present varied and included relatedness, having a sense of belonging, and connecting to
similar people. However, despite the variation, most of the indicators were associated with improved outcomes for depression
and anxiety. Negative interactions, loneliness, and feeling ignored indicated that D-QSC was not present. In 24% (10/42) of the
applicable studies, a meta-analysis showed a significant decrease in depression (–25.6%, 95% CI –0.352 to –0.160; P<.001) and
anxiety (–15.1%, 95% CI –0.251 to –0.051; P=.003) after a D-QSC. Digital mechanisms that helped create a quality connection
included anonymity, confidentiality, and peer support. In contrast, mechanisms that hindered the connection included disconnection
from the real world and inability to see body language. Data synthesis also identified a 5-component conceptual framework of
D-QSC that included rapport, identity and commonality, valued interpersonal dynamic, engagement, and responded to and
accepted.

Conclusions: D-QSC is an important and underconsidered component for youth depression and anxiety outcomes. Researchers
and developers should consider targeting improved QSC between clinicians and young people within digital interventions for
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depression. Future research should build on our framework to further examine relationships among individual attributes of QSC,
various digital interventions, and different populations.

(J Med Internet Res 2021;23(12):e26584)   doi:10.2196/26584

KEYWORDS

mental health; digital interventions; young people; quality social connection; depression; anxiety; systematic review; meta-analysis;
patient and public involvement; mobile phone

Introduction

Background
Enforced lockdowns and physical distancing measures
introduced to slow the COVID-19 infection rate have resulted
in disrupted face-to-face connections. Ordinarily, a lack of
meaningful social connections through social isolation is
associated with poor health outcomes such as sleep problems,
loneliness, depression, and anxiety, leading in some cases to
suicide. Young people are particularly vulnerable to mental
health difficulties such as depression and anxiety because onset
usually occurs before the age of 24 years [1], and they are often
comorbid globally [2]. Although disrupted social connections
and loneliness can have a negative effect on mental health [3,4],
feeling socially connected is one of the strongest protective
factors for depression [5] and can decrease symptoms of anxiety
[6].

Social connection as a concept is multifaceted. It can be
described as the quantity of connections, the opposite of
loneliness, or as having social support. In our context, social
connection is the perceived value of attributes of a meaningful
interaction among 2 or more people or a quality social
connection (QSC). Such valued attributes can include, for
example, feeling listened to, understood, and a sense of
belonging. Similarly, a cooperative relationship between client
and therapist, comprising a close bond, shared goals, and tasks,
is defined as a therapeutic alliance in face-to-face therapy [7].
A therapeutic alliance has been shown to significantly modulate
treatment outcomes [8], including in digital settings [9].
Similarly, social prescribing to improve social connection has
decreased loneliness and improved health outcomes [10].
However, studies have only subjectively demonstrated the value
of strong social networks and social relationships for both
physical and mental health [11] and longevity [12]. This
suggests a need for well-defined indicators of social connection
to enable objective measurement of these effects.

The COVID-19 pandemic has accelerated a rapid shift to digital
provision of formal and informal mental health support [13].
Indeed, mental health care is often seen as the best candidate
for a digital revolution because prevention and treatment,
including talking therapies, are amenable to delivery over
screens and remotely [14]. Social media, video consultations,
texting, and virtual reality are interventions that can enable
social connections [13]. They represent an important
intervention for young people with mental health difficulties to
strengthen new and existing relationships and facilitate
peer-to-peer and formal mental health support [15]. However,
digital interventions such as social media use are also associated
with negative consequences such as cyberbullying, viewing

harmful content, and a greater sense of isolation [16]. This
contradiction requires further investigation to identify the ways
in which digital interventions may help or hinder QSC.

Young people are the most digitally fluent and most in need of
mental health support. However, QSC within digital
interventions (D-QSC) has received little attention in relation
to outcomes for depression and anxiety in young people. A
recent review produced a conceptual framework for social
connectedness but positioned it as a solution to loneliness and
not as an active ingredient (best bet) for the prevention and
treatment of depression and anxiety [17]. It also did not consider
digital interventions or young people. A systematic review is
needed to help produce a conceptual framework for indicators
of D-QSC that can be applied to examine its influence on
depression and anxiety outcomes across contexts. Our study
aims are to (1) identify indicators of D-QSC and their ability
to improve or worsen outcomes for depression and anxiety in
young people across contexts, (2) identify digital intervention
mechanisms that facilitate QSC, and (3) produce a conceptual
framework for indicators of D-QSC.

Research Questions
The research questions are:

1. What indicates the presence of QSC in nondigital and digital
interventions?

2. How does D-QSC improve or worsen outcomes for
depression and anxiety in young people?

3. What digital intervention mechanisms facilitate QSC when
preventing or treating depression and anxiety in young
people?

4. Whom does D-QSC help or hinder across different contexts,
user preferences, and levels of engagement?

Methods

Design

Overview
This systematic scoping review was conducted using the Joanna
Briggs Institute methodological framework for scoping reviews.
Reporting was guided by the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses; Multimedia
Appendix 1) guidelines to ensure clear structure, reproducibility,
and rigor.

Defining Objectives and Questions and Developing
Inclusion Criteria
The research questions were considered, refined, and then
finalized with all team members. The Population, Intervention,
Comparison, Outcomes, and Study Design Tool was used to

J Med Internet Res 2021 | vol. 23 | iss. 12 | e26584 | p.97https://www.jmir.org/2021/12/e26584
(page number not for citation purposes)

Dewa et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/26584
http://www.w3.org/Style/XSL
http://www.renderx.com/


produce our inclusion and exclusion criteria (Table 1). Notably,
young people (population) as a definition is heterogeneous.
However, we have chosen the age group of 14-24 years because

it captures key points of vulnerability to developing anxiety and
depression between midadolescence and emerging adulthood.

Table 1. Selection criteria.

Exclusion criteriaInclusion criteriaCategory

Population •• Nonhuman subjectsYoung people aged 14-24 years
• •Young people aged 14-24 years and additionally 1 year either side of

this range (eg, young people aged 13-16 years would be included,
whereas those aged 16-26 years would be excluded)

Adults aged ≥25 years if unable to easily
separate results from those of younger
group

Intervention •• No mention of QSC (eg, focuses only on
quantity of connections)

Explores QSCa (ie, mentions relevant attributes such as empathy, feeling
listened to, understood by another person)

• No mention of digital intervention (eg,
based on a face-to-face situation only)

• Use of a digital intervention, software, or internet-delivered services
(eg, smartphone app, virtual reality packages, internet-based treatment,
and chat room)

Comparator •• N/AN/Ab

Outcome •• No mention of depression or anxietyScope of depression and anxiety spanned all forms, including major,

bipolar, psychotic, perinatal, postpartum, PMDDc, and manic depression,

as well as social, generalized, OCDd, panic, PTSDe, and anxiety disorders

• No mention of the influence on existing
symptoms of depression or anxiety

• No mention of the influence on depression
or anxiety prevention• Influence on existing symptoms of depression or anxiety (eg, mood and

self-esteem through self-report questionnaire or clinical interview)
• Prevention of onset of depression or anxiety (eg, measuring mental well-

being through self-report questionnaire or clinical interview)

Study design •• N/AAll study designs

Dates •• Outside date remitFrom earliest date to June 24, 2020

aQSC: quality social connection.
bN/A: not applicable.
cPMDD: premenstrual dysphoric disorder.
dOCD: obsessive-compulsive disorder.
ePTSD: posttraumatic stress disorder.

Searching for the Evidence
The MEDLINE, Embase, PsycINFO, and CINAHL databases
were searched on June 24, 2020. The search strategy was
developed and verified by 3 team members (LD, EL, and HA)
and an institutional librarian and tailored to each database
(Multimedia Appendix 2 [18-59]). In all, 4 facets made up the
strategy, including young people (eg, youth and teens), social
connection (social connect* and sociali?ation), digital
intervention (eg, online and digital), and depression and anxiety
(depress* and anx*). The World Health Organization
International Clinical Trials Registry Platform,
ClinicalTrials.gov, and the Journal of Medical Internet Research
were searched on July 14, 2020. The first 100 Google search
hits were also systematically searched by 2 reviewers (LR and
EBH) using key words across the 4 facets (eg, young people,
social connect*, anxiety and depression, and digital) as a further
check (Multimedia Appendix 2). The included papers’ reference
lists were also reviewed and added to the search if appropriate.

Selecting the Evidence
Titles and abstracts were independently screened by 1 reviewer
(LR) and excluded if they did not match the selection criteria
(Table 1). Studies that met the inclusion criteria were retrieved

in full by the primary reviewer (LR) and reassessed against the
selection criteria in detail. A second reviewer (EBH)
independently screened a random 9.99% (388/3882) of the titles,
abstracts, and full-text manuscripts to ensure reliability in study
selection. A predefined interreliability agreement (≥0.70) was
agreed upon and calculated. Another random 9.99% (388/3882)
would have been screened until agreement was achieved.
Disagreements were resolved with a third reviewer (LD).

Extracting and Charting the Evidence
The data-charting process documented indicators of QSC,
prevention and treatment categorization, digital intervention
mechanisms that facilitate QSC, and participant characteristics.
An initial 20% (8/42) of the studies were extracted
independently by 2 reviewers (LR and EBH) and reviewed to
ensure accuracy before 1 reviewer (LR) continued with the
remaining extraction. All included studies were also appraised
using the Hawker checklist [60], which is designed specifically
for cross-comparison across heterogeneous designs (quantitative,
qualitative, and mixed methods). A total of 9 domains were
appraised: (1) abstract and title, (2) introduction and aims, (3)
methods and data, (4) sampling, (5) data analysis, (6) ethics and
bias, (7) results, (8) transferability and generalizability, and (9)
implications and usefulness. Quality scores were assigned to
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each domain, from 1 point (very poor) to 4 points (good),
summed and assigned as high quality (30-36 points), medium
quality (24-29 points), or low quality (9-23 points).

Analysis of the Evidence, Presentation of the Results,
and Summarizing the Evidence
Meta-analyses were performed where appropriate to examine
the effect of D-QSC on outcomes. Overall and specific
categories of depression, anxiety, and well-being outcomes were
analyzed by calculating the ratio of means within each study.
We substituted median for mean in studies where only the
median was reported. The inverse-variance, random-effects
model of DerSimonian and Laird [61] was used for analysis of
both continuous and categorical variables in Stata software

(version 15; StataCorp) [62]. The I2 statistic was used to estimate
the degree of heterogeneity among studies, where larger values
indicated increasing heterogeneity. The scoping nature of the
review meant that a narrative approach was appropriate. All
indicators of the development and presence of D-QSC were
first collated and synthesized using a deductive approach. The
initial relationship between these indicators and the outcomes
was explored. Potential themes were identified, discussed, and
agreed upon by 3 reviewers (LD, LR, and EL).

To produce a conceptual framework for indicators of D-QSC
there were 4 main stages. At the first stage, all indicators
identified in the literature synthesis or by experts with lived
experience (see the Patient and Public Involvement section)
were added as cards in Miro (ie, participative visual platform).
Indicators that directly described social connection (eg, social
connectedness) were repeated and those that were not an
attribute of D-QSC were excluded. Second, the remaining
indicators were either grouped with similar indicators or stood
alone. Third, the indicators were then mapped onto a preexisting
framework of the components of social connectedness in mental
disorders (closeness, identity and common bond, valued
relationships, involvement, and cared for and accepted [CIVIC]
framework) [17]. Indicators that did not map onto the preexisting
framework were kept together and merged under a new
component name. This resulted in preliminary components of
D-QSC. Finally, young experts with lived experience critically
reflected on the preliminary framework and answered a series
of questions at a web-based meeting and through email. For
example, “Is any indicator missing?” and “Do the indicators
link together well or should they be moved?” This discussion
was unstructured to allow independent and novel thought. As
a result, changes were made to either component or indicator
wording and indicators were added or merged. All team
members and the young experts agreed on the final conceptual
framework for D-QSC.

Patient and Public Involvement
We advertised for young people aged 14-24 years with
experience of depression or anxiety and digital interventions

for mental health to work on a review about social connection
in the digital world through The McPin Foundation newsletter,
email distribution lists, Twitter, and Instagram. A total of 9
people applied using a simple form, and all joined the Young
Persons Advisory Group (YPAG). They represented different
genders, ethnicities, ages, and UK locations. We held an initial
web-based workshop to help define QSC and D-QSC, inform
search terms, and review the protocol. At this stage, we
approached the Lancet Commission for Global Mental Health
Young Leaders and experts with professional experience (ie,
delivery of digital interventions) to ensure a diverse range of
experiences, cultural contexts (ie, low- and high-resource
settings), and experience of youth interventions for depression
or anxiety. We had separate discussions with each group on the
web (eg, Zoom). Subsequent changes were made to our
definition of D-QSC, selection criteria, and protocol. On the
basis of definitions of quality [63] and therapeutic alliance [7]
and input from team members (EL, LD, and LR) and experts,
QSC was then operationally defined as theperceived value of
the attributes of an interaction between two or more people.
Key attributes (ie, indicators) of D-QSC that made up the
definition were logged across the 3 expert groups and
amalgamated with the literature indicators as described
previously. Others were changed (eg, changed to plain English)
or merged after the YPAG and the Lancet Commission for
Global Mental Health Young Leaders were shown the findings
and conceptualization framework. A YPAG member (EBH)
also screened, extracted, and quality-assessed literature. All
were given appropriate support and paid in line with guidance
[64].

Results

Overview
A total of 5715 records were identified (Figure 1). Of the 5715
articles, 1833 (32.07%) were duplicates and were removed.
Substantial agreements were achieved in the screening of the
random 9.99% (388/3882) abstracts and titles as well as full-text
subsamples (K=0.80 and K=0.70, respectively). Papers were
then excluded if they did not match the selection criteria; of the
3882 publications remaining after duplicates were removed, 42
(1.08%) were included (Figure 1). Of these 42 studies, 28 (67%)
were of high quality, 13 (31%) were of medium quality, and 1
(2%) was of low quality. High-quality studies largely
demonstrated good explanation of aims, methods, and sampling
to enable replicability. Medium-quality studies included most
of the good study criteria but were lacking in some areas, which
reduced their scores. The low-quality study did not provide
enough detail across most domains (eg, it did not report ethical
considerations, the results were unclear, and the methods were
not replicable).
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart. QSC: quality social connection.

Study and Participant Characteristics
Of the 42 included studies, 25 (60%) were quantitative [18-42],
11 (26%) were qualitative [43-53], and 6 (14%) were mixed
methods studies [54-59] (Table 2; Multimedia Appendix 3
[18-59]). The studies mainly used uncontrolled or cross-sectional
designs and had questionnaires as their main data collection
method (22/42, 52%). All studies took place in high-income
countries: the United States [23-28,36,38,40,42,44,47,49,50,53],
Australia [22,29-31,43,46,55-58], Ireland [18,45,54], Israel
[19,32,48], Taiwan [20,35], Sweden [21,41], the Netherlands
[33], Turkey [39], Austria [34], Belgium [37], Canada [59],
Cyprus [52], and the United Kingdom [51]. There were 23,319
participants in total (12,825/23,319, 55%, were women; of the

42 studies, 2 (5%) did not report participant gender). Of the 42
studies, 21 (50%) focused on both prevention and treatment
[18,20,21,23-29,36-39,41-44,48,50,57], 12 (29%) focused on
treatment [22,30,31,45,49,51-56,58], and 9 (21%) focused on
prevention [19,32-35,40,46,47,59]. Digital mental health–related
intervention types included mental health social networking
tools, smartphone apps, self-help cognitive behavioral therapy,
telepsychiatry, one-to-one peer mentor support, video gaming,
avatars, and internet use for mental health support. Nonspecific
informal digital interventions included general social networking
and social media (eg, Facebook, Twitter, Tumblr, Snapchat,
and Reddit) and general internet use and web browsing.
Intervention duration was reported in 48% (20/42) of the studies
and ranged from 8 weeks to 1 year.
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Table 2. Data extraction and quality assessment of included studies (N=42).

Outcomes and measuresDigital interventionSetting and participantsStudy designAuthor, year, country, quality

Outcomes: depression
and anxiety reduced;

Peer-to-peer web-based
social networking, indi-

Setting: early psychosis prevention
and intervention center; sample: 20

Quantitative and qual-
itative, uncontrolled

Alvarez-Jimenez et al [58], 2013,
Australia, high quality

measures: BPRSa,

CDRSb, and BAIc

vidually tailored web-
based psychosocial inter-
ventions, and expert

patients (50% female; aged 15-25
years; 45% Anglo-Australian, 25%
Asian, 10% biracial, and 5%

single-group, observa-
tion, questionnaire,
and semistructured in-
terview moderation: HORY-

ZONS
African); presenting condition: first
episode psychosis

Outcomes: depression
reduced and psychologi-

Web-based social net-
working, peer-to-peer

Setting: PACEd clinic for ultrahigh-
risk psychosis; sample: 14 patients

Quantitative, uncon-
trolled single-group,
observation, and

Alvarez-Jimenez et al [30], 2018,
Australia, medium quality

cal well-being improved;and professional modera-
tion: MOMENTUM

(79% female; aged 15-25 years;
ethnicity unknown; all Australia-semistructured inter-

view
measures: SWLSe,

MADRSf, and PSSSgborn); presenting condition: ultra-
high risk for psychosis

Outcome: depression re-

duced; measure: PHQ-9h
Enhanced web-based so-
cial networking interven-
tion: Affinity

Setting: tertiary-level mental health
service; sample: 20 patients (55%
female; aged 16-25 years; ethnicity
unknown; country of birth: 75%

Quantitative, uncon-
trolled single-group
pre- and posttest, ob-
servation, and

Bailey et al [22], 2020, Australia,
high quality

Australia, 20% Asia, and 5% Unitedsemistructured inter-
view Kingdom); presenting condition:

suicidal ideation

Outcome: psychological
well-being worsened;
measure: self-report

Instant messengerSetting: psychodynamic psychother-
apy clinic; sample: 1 patient (fe-
male; aged 17 years; ethnicity un-
known); presenting condition: de-
pression

Qualitative, retrospec-
tive case study, and
observation

Bhuvaneswar and Gutheil [49],
2008, United States, high quality

Outcomes: Depression
and anxiety reduced;

measure: HADSi

Web-based social net-
working peer support
program: CFfone.com

Setting: general; sample: 100 adoles-
cents (62% female; mean age 15.69
years, SD 2.91 years; 57% White,
16% Hispanic, 9% African Ameri-

Quantitative, random-
ized controlled trial,
and questionnaire

Blackwell et al [24], 2012, Unit-
ed States, high quality

can, and 18% ethnicity unknown);
presenting condition: cystic fibrosis

Outcomes: depression
and anxiety—data quality

Social networking site
for peer-to-peer and

Setting: Kids Helpline family dis-
cord service; sample: 105 callers to

Qualitative and quanti-
tative, participatory

Campbell et al [55], 2019, Aus-
tralia, medium quality

too low to assess; mea-counsellor-to-peer group
support

helpline (82% female; aged 13-25
years; ethnicity unknown); present-
ing condition: mild to moderate de-
pression or anxiety (not high risk)

action research de-
sign, observation, and
questionnaire

sures: CES-Dj and RC-

MASk

Outcomes: Depression
and anxiety reduced;

Web-based health infor-
mation and digital health

Setting: general; sample: 1300 ado-
lescents (gender unknown; aged 14-

Quantitative, cross-
sectional study, ques-

Canady [25], 2018, United
States, high quality

measures: PHQ-9 and
self-report

tools in general, includ-
ing peer-to-peer health
exchange networks

22 years; ethnicity unknown); pre-
senting condition: none in particular

tionnaire, and inter-
view

Outcomes: depression
and anxiety reduced;
measure: self-report

Individualized peer men-
tor support through tele-
phone call and SMS text
messaging: MPPS inter-
vention

Setting: MPPSl intervention group;
sample: 21 mothers (100% female;
aged 17-24 years, mean age 21.3,
SD 1.8, years; ethnicity unknown;
country of birth: 66.7% Canada),

Qualitative and quanti-
tative, uncontrolled
single-group design,
questionnaire, and
semistructured inter-
view

Chyzzy et al [59], 2020, Canada,
high quality

presenting condition: generally
healthy, 14.3% with prior history of
depression

Outcome: depression
treatment engagement

TelepsychiatrySetting: clinical; sample: 1 patient
(male; aged 16 years; ethnicity un-

Qualitative, retrospec-
tive case study, and
observation

Clarke [45], 2018, Ireland, high
quality

improved; measure: ob-
servation

known); presenting condition: As-
perger syndrome with comorbid de-
pression
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Outcomes and measuresDigital interventionSetting and participantsStudy designAuthor, year, country, quality

Outcomes: depression
and social anxiety re-
duced for social engaged
gamers compared with
problematic, at-risk, or
extensive gamers; mea-
sures: depressive mood

list and SASC-Rm

Web-based video gamingSetting: 30 US schools; sample:
9733 students (51% female; aged
13-16 years, average age 14.1 years;
82.1% Dutch); presenting condition:
none in particular

Quantitative, cross-
sectional study, and
questionnaire

Colder Carras et al [28], 2017,
United States, medium quality

Outcomes: depression
worsened; measures:

DASSo, CTIp, and BDI-

IIq

Web-based social net-
works in general

Setting: private university; sample:
231 undergraduate students (72%
female; average age 19.28, SD 1.15,
years; 67.1% White, 23.4% Asian
American, 10.4% African Ameri-
can, 5.2% Hispanic or Latino, and
0.4% Other); presenting condition:
none in particular

Quantitative, uncon-
trolled single-group
design, and question-
naire

Cole et al [36], 2017, United

States, —n

Outcomes: anxiety re-
duced; measure: thematic
analysis of interviews

Web-based counseling
(text)

Setting: Kooth digital mental health
care service; sample: 13 Kooth users
(69% female; aged 14-18 years;
69.2% White British, 15.4% White
and Asian, and 15.4% Other); pre-
senting condition: none in particular

Qualitative, cross-sec-
tional, and web-based
semistructured inter-
views

Dhesi [51], 2019, United King-
dom, high quality

Outcome: psychological
well-being improved;

measure: PANASr

Regular use of instant
messaging

Setting: general; sample: 150 instant
messaging users (63% female; aged
14-18 years; ethnicity unknown);
presenting condition: distressed vs
nondistressed groups of participants

Qualitative, case-con-
trol design, question-
naire, textual analysis,
and observation

Dolev-Cohen and Barak [48],
2013, Israel, high quality

Outcomes: depression
and anxiety reduced;
measures: DASS and

ATQs

Web-based cognitive be-
havior therapy self-help
program (MoodGYM)
compared with web-
based support group
(MoodGarden)

Setting: university students not re-
ceiving mental health treatment;
sample: 39 students (77% female;
aged 18-25 years, mean age 19.67,
SD 1.66, years; ethnicity unknown);
presenting condition: anxiety or de-
pression but none severe

Qualitative and quanti-
tative, comparative
randomized controlled
trial, and question-
naire

Ellis et al [56], 2011, Australia,
—

Outcome: depression re-
sulted in poor-quality so-
cial connections, which
in turn worsened depres-
sion and anxiety; mea-

sures: DASS and BFNEt

Social networking in
general

Setting: undergraduate university
students; sample: 301 students (62%
female; mean age 19.44, SD 2.05,
years; 41% Asian or Pacific Is-
lander, 41% White, 6% Latino, 6%
African American, and 6% Other);
presenting condition: some partici-
pants had raised depression, anxiety,
or social anxiety at baseline

Quantitative, short-
term prospective co-
hort study, and ques-
tionnaire

Feinstein et al [26], 2012, United
States, high quality

Outcome: social interac-
tion anxiety unchanged;

measure: SIASu

Avatars (virtual entities
controlled by another hu-
man being) and agents
(virtual entities con-
trolled by a computer)

Setting: public university; sample:
95 students (87% female; mean age
23.34, SD 2.727, years; ethnicity
unknown); presenting condition:
none in particular

Quantitative, random-
ized controlled trial,
and questionnaire

Felnhofer et al [34], 2018, Aus-
tria, —

Outcome: depression re-
duced; measure: CES-

DCv

FacebookSetting: 18 randomly selected high
schools in Flanders, Belgium; sam-
ple: 910 students with Facebook
account (52% female; average age
15.44, SD 1.71, years; ethnicity un-
known; country of birth: 96.1%
Belgium, 1.8% Europe, and 2.1%
non-European country); presenting
condition: none in particular

Quantitative, uncon-
trolled cross-sectional,
and questionnaire

Frison and Eggermont [37],
2016, Belgium, medium quality
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Outcomes and measuresDigital interventionSetting and participantsStudy designAuthor, year, country, quality

Outcome: helpful and
unhelpful aspects of
smartphone apps for
mental health; measure:
thematic analysis of fo-
cus group content

A total of 6 currently
available smartphone
apps for mental health
(Mood Mission, Music
eScape, Pacifica, Mind-
shift, Headspace, and
What’s Up)

Setting: high schools and universi-
ties in Western Australia; sample:
23 students (65% female; aged 13-
25 years; ethnicity unknown); pre-
senting condition: DASS score <15
(severely depressed excluded)

Qualitative and focus
groups

Garrido et al [43], 2019, Aus-
tralia, medium quality

Outcome: depression re-
duced; measure: CES-D

Depression support web-
site with peer support fo-
rum

Setting: University of Cork; sample:
118 students (36% female; aged 18-
24 years; 98.3% White and 1.7%
Asian or Asian Irish); presenting
condition: depression

Qualitative and quanti-
tative, pre- and
posttest and qualita-
tive descriptive de-
signs, extraction of
posts from website,
and questionnaire for
CES-D scores

Horgan et al [54], 2013, Ireland,
medium quality

Outcome: reasons for use
of internet-based mental
health support; measure:
self-developed question-
naire

Internet use for mental
health support

Setting: university; sample: 922
students (62% female; aged 18-24
years; ethnicity unknown); present-
ing condition: none in particular

Quantitative, descrip-
tive study, and ques-
tionnaire

Horgan and Sweeney [18], 2010,
Ireland, medium quality

Outcomes: depression
and anxiety reduced;
measures: CES-D and
SIAS

+Connect, a digital
smartphone app with
video material

Setting: local youth health service
(participants with social anxiety
disorder) and Australian university
(participants without social anxiety
disorder); sample: 20 participants
(45% female; aged 18-23 years;
91% White and 9% multiracial or
other); presenting disorder: with or
without social anxiety disorder

Qualitative and quanti-
tative, descriptive de-
sign, pre- and posttest
questionnaires, mood
tracker, and
semistructured inter-
view

Lim et al [57], 2019, Australia,
high quality

Outcome: psychological
well-being improved;
measure: Ryff scales of
psychological well-being

FacebookSetting: college; sample: 330 Face-
book-using students (63% female;
aged 18-23 years; ethnicity un-
known); presenting condition: none
in particular

Quantitative, cross-
sectional study, and
questionnaire

Liu and Yu [35], 2013, Taiwan,
medium quality

Outcome: depression re-
duced; measure: PHQ-9

FacebookSetting: university; sample: 633 un-
dergraduate students with Facebook
page (70% female; aged ≥18 years,
median age 21 years; 64.8% White);
presenting condition: none in partic-
ular; participants on average had
mild levels of depression at baseline

Quantitative, uncon-
trolled single-group
design, and question-
naire

McCloskey et al [23], 2015,
United States, medium quality

Outcome: depres-
sion—no outcomes re-

ported; measure: CDIw

Web-based social net-
working

Setting: public middle school; sam-
ple: 92 social networking site users
(58% female; mean age 20.92, SD
1.11, years; 58% White, 29%
African American, and 13% Other
or Mixed); presenting condition:
none in particular

Quantitative, longitu-
dinal, observation,
and questionnaire

Mikami [38], 2010, United
States, high quality

Outcome: depression re-
duced; measure: BDI

Internet use in generalSetting: university; sample: 730 un-
dergraduate students who use the
internet (53% female; mean age
20.84, SD 1.95, years; ethnicity un-
known); presenting condition: none
in particular

Quantitative, uncon-
trolled single-group
design, and question-
naire

Ozcan and Buzlu [39], 2007,
Turkey, high quality

Outcome: psychological
well-being improved,
with larger improvement
for those higher in depres-
sive symptoms; mea-

sures: BDI-II, SAMx, and
International PANAS
short form

Video game that included
cooperation with other
players and with mental
health messaging vs
video game without
mental health messaging

Setting: university; sample: 146 un-
dergraduate students who play video
games (71% female; mean age 20.2,
SD 1.74, years; ethnicity unknown;
nationality: 76% Dutch, 23% Ger-
man, and 1% Other); presenting
condition: none in particular; some
with higher depressive symptoms at
outset

Quantitative, random-
ized controlled trial,
and questionnaire

Poppelaars [33], 2018, The
Netherlands, medium quality
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Outcomes and measuresDigital interventionSetting and participantsStudy designAuthor, year, country, quality

Outcome: adolescent-in-
formed design of social
media website for depres-
sion; measure: thematic
analysis from semistruc-
tured interviews

Social media website for
depressed adolescents

Setting: academic adolescent
medicine clinic and specialty psychi-
atry clinic; sample: 23 patients (78%
female; aged 13-20 years, mean age
16, SD 2.3, years); presenting condi-
tion: depression

Qualitative, random-
ized controlled trial,
semistructured inter-
views, think aloud,
advisory boards, and
focus groups

Radovic [44], 2017, United
States, United States, high quali-
ty

Outcomes: depressive
symptoms either made
participants reach for so-
cial media as a distrac-
tion or avoid it to avoid
bringing down others.
Psychological well-being
improved; measure: the-
matic analysis from
semistructured interviews

Social mediaSetting: academic adolescent
medicine clinic and specialty psychi-
atry clinic; sample: 23 patients (78%
female; aged 13-20 years, mean age
16, SD 2.3, years; 87% White);
presenting condition: depression

Qualitative, uncon-
trolled cross-sectional
study, and semistruc-
tured interview

Radovic [53], 2017, United
States, medium quality

Outcomes: depression
reduced and anxiety un-
changed; measures:
MADRS and DASS

Novel, moderated web-
based social therapy inter-
vention: Rebound

Setting: mental health clinic; sam-
ple: 42 patients (50% female; aged
15-25 years, mean age 18.5, SD 2.1,
years; ethnicity unknown; country
of birth: 95.2% Australia); present-
ing condition: previous depression
sufferers

Quantitative, uncon-
trolled single-group
pilot, structured clini-
cal interview, and
questionnaire

Rice et al [29], 2018, Australia,
medium quality

Outcomes: depression
and social anxiety re-
duced and psychological
well-being improved;
measures: PHQ-9,

MDRS-22y, LSASz,
BFNE, SIAS, and

SWEMWBSaa

Social networking plat-
form for socially anxious
young people (En-
tourage): a wall function
allows posting and com-
menting publicly

Setting: 4 Headspace early interven-
tion centers in northwestern Mel-
bourne; sample: 89 patients (47%
female; aged 14-25 years; ethnicity
unknown); presenting condition:
social anxiety

Quantitative, single-
group uncontrolled
pre-post design, and
questionnaire

Rice et al [31], 2020, Australia,
high quality

Outcome: efficacy and
usability evaluation of
web-based social therapy
intervention; measure:
thematic analysis from
semistructured interviews

Novel, moderated web-
based social therapy inter-
vention: Rebound

Setting: mental health clinic; sam-
ple: 42 patients (50% female; aged
15-25 years, mean age 18.5, SD 2.1,
years; ethnicity unknown; country
of birth: 95.2% Australia); present-
ing condition: previous depression
sufferers

Qualitative, uncon-
trolled single-group
pilot, semistructured
interview, and focus
group data

Santesteban-Echarri et al [46],
2017, Australia, medium quality

Outcome: depression re-
duced; measures: CES-

D-10, DSM-IV-TRab,

and PHQ-Aac

Primary care provider
motivational inter-
view+CATCH-IT inter-
net program vs primary
care provider brief ad-
vice+CATCH-IT internet
program

Setting: 12 primary care sites across
southern and midwestern United
States; sample: 58 patients (57%
female; mean age 17.26, SD 1.85,
years; 61% White, 24% Black, 6%
Asian, 5% Hispanic, and 4% Other);
presenting condition: depression

Quantitative, random-
ized controlled trial,
and telephone inter-
view

Saulsberry et al [40], 2013,
United States, medium quality

Outcomes: positive and
negative outcomes of us-
ing social media for
mental health support;
measure: —

Social media platforms,
including YouTube, Insta-
gram, Facebook, Twitter,
and Tumblr

Setting: pediatric gender clinic;
sample: 25 transgender adolescents
with social media profile (44%
trans-feminine; aged 15-18 years,
mean age 16 years; 80% White non-
Hispanic, 4% African American, 8%
American Indian, and 8% Asian);
presenting condition: none in partic-
ular

Qualitative, uncon-
trolled single-group
design, and semistruc-
tured interviews

Selkie et al [47], 2020, United
States, high quality

Outcomes: psychological
well-being negatively
correlated with loneli-
ness. Loneliness reduced
by internet communica-
tion with people known
offline; measure: Hebrew
adaptation of Mood Scale

Internet communicationSetting: middle to high socioeconom-
ic families vs those who failed in
school (mostly from low socioeco-
nomic families); sample: 716 stu-
dents (48% female; aged 16-18
years; ethnicity unknown); present-
ing condition: with or without
learning disabilities

Quantitative, cross-
sectional crossover,
and questionnaire

Sharabi and Margalit [32], 2011,
Israel, medium quality
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Outcomes and measuresDigital interventionSetting and participantsStudy designAuthor, year, country, quality

Outcome: psychological
well-being reduced;
measure: Hebrew adapta-
tion of Affect Scale

Internet communicationSetting: 3 high schools in urban Is-
rael; sample: 887 students grades
10-12 (50% female; aged 16-18
years; ethnicity unknown); present-
ing condition: with (n=213) or
without (n=674) learning disabilities

Quantitative and
cross-sectional case-
control

Sharabi and Margalit [19], 2011,
Israel, medium quality

Outcome: level of sup-
port provided among
adolescents; measure:
Content analysis of web-
based forum messages

Web-based anonymous
discussion forum

Setting: general; sample: 400 mes-
sages from teenagers using web-
based discussion forum (gender un-
known; age range unknown; ethnic-
ity unknown); presenting condition:
none in particular

Qualitative, cross-sec-
tional study, and con-
tent analysis

Siriaraya et al [52], 2011,
Cyprus, medium quality

Outcomes: depression
unchanged and anxiety
worsened; measures:

CES-DC and SCASad

Social media useSetting: longitudinal study of in-
trafamily life participants; sample:
385 participants who use smart-
phones (53% female; aged 17-19
years; 70% European-American,
10% African American, 12% Multi-
ethnic, 5% Asian American, and 2%
Other); presenting condition: none
in particular

Quantitative, longitu-
dinal, and question-
naire

Stockdale and Coyne [27], 2020,
United States, high quality

Outcomes: positive (in-
cluding safety) and nega-
tive (including anxiety)
outcomes of patient-
provider interactions
through social media;
measure: thematic analy-
sis of semistructured in-
terviews

Social media for patient-
provider interactions

Setting: Yale Psychiatric Hospital
Intensive Outpatient Program; sam-
ple: 20 patients (75% female; aged
14-19 years; 80% White, 15% His-
panic, and 5% Mixed); presenting

condition: combination of ADHDae,

mood disorder NOSaf, MDDag,

anxiety, PTSDah, psychosis, and

ODDai

Qualitative, uncon-
trolled single-group
design, and semistruc-
tured interviews

van Rensburg et al [50], 2015,
United States, high quality

Outcome: depression un-
changed; measure: BDI
Dutch short version

Web-based chatting with
friends through web-
based social networking
site

Setting: university in Utrecht; sam-
ple: 197 psychology freshmen (78%
female; mean age 18.9, SD 1.6,
years; ethnicity unknown; 92%
Dutch origin); presenting condition:
none in particular

Quantitative, uncon-
trolled single-arm lon-
gitudinal study, and
questionnaire

van Zalk et al [41], 2011, Swe-
den, high quality

Outcome: Reduced de-
pression among those
with higher, but not low-
er, social anxiety; mea-
sures: CES-D and SPSQ-

Caj

Web-based chatting with
friends through web-
based social networking
site

Setting: Swedish school; sample:
526 students from grades 7-9 (68%
female; aged 13-15 years; ethnicity
unknown; 12.1% first-generation
immigrants); presenting condition:
none in particular

Quantitative, longitu-
dinal study, and ques-
tionnaire

Van Zalk and Tillfors [21], 2017,
Sweden, high quality

Outcome: depression re-
duced; measure: CES-D

Facebook useSetting: undergraduate university;
sample: 361 students who use
Facebook (53% female; mean age
20.26, SD 2.72, years; 77% White,
8.6% Native American, 4.4% Lati-
no, 3.6% Asian American, 3.3%
African American, and 3.3% Other);
presenting condition: none in partic-
ular

Quantitative, cross-
sectional observation-
al study, and question-
naire

Wright et al [42], 2013, United
States, medium quality
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Outcomes and measuresDigital interventionSetting and participantsStudy designAuthor, year, country, quality

Outcome: depression
worsened by higher web-
based and lower actual
social support; measure:
Ko Depression Inventory

Social support on the
web

Setting: project of mental health
survey; sample: 3477 college stu-
dents (55% female; mean age 22.45,
SD 1.56, years; ethnicity unknown);
presenting condition: none in partic-
ular

Quantitative, cross-
sectional, and ques-
tionnaire

Yeh et al [20], 2008, Taiwan,
medium quality

aBPRS: Brief Psychiatric Rating Scale.
bCDRS: Children’s Depression Rating Scale.
cBAI: Beck Anxiety Inventory.
dPACE: Personal Assessment and Crisis Evaluation.
eSWLS: Satisfaction With Life Scale.
fMADRS: Montgomery–Åsberg Depression Rating Scale.
gPSSS: Perceived Social Support Scale.
hPHQ-9: Patient Health Questionnaire Depression Scale.
iHADS: Hospital Anxiety and Depression Scale.
jCES-D: Center for Epidemiological Studies Depression Scale.
kRCMAS: Revised Children’s Manifest Anxiety Scale.
lMPPS: Mothers’ Perceptions of Mobile Phone–Based Peer Support.
mSASC-R: Social Anxiety Scale for Children-Revised.
nNot available.
oDASS: Depression Anxiety Stress Scales.
pCTI: Cognitive Triad Inventory.
qBDI-II: Beck Depression Inventory II.
rPANAS: Positive and Negative Affect Scale.
sATQ: Automatic Thoughts Questionnaire.
tBFNE: Brief Fear of Negative Evaluation.
uSIAS: Social Interaction Anxiety Scale.
vCES-DC: Center for Epidemiological Studies Depression Scale for Children.
wCDI: Children’s Depression Inventory.
xSAM: Self-Assessment Manikin.
yMDRS-22: Male Depression Risk Scale.
zLSAS: Liebowitz Social Anxiety Scale.
aaSWEMWBS: Short Warwick–Edinburgh Mental Well-being Scale.
abDSM-IV-TR: Diagnostic and Statistical Manual of Mental Disorders, 4th Edition, Text Revision.
acPHQ-A: Patient Health Questionnaire-9 modified for Adolescents.
adSCAS: Spence Children’s Anxiety Scale.
aeADHD: attention-deficit/hyperactivity disorder.
afNOS: not otherwise specified.
agMDD: major depressive disorder.
ahPTSD: posttraumatic stress disorder.
aiODD: oppositional defiant disorder.
ajSPSQ-C: Social Phobia Screening Questionnaire for Children and Adolescents.

Indicators That QSC Is Present in Digital Interventions
Indicators and measures used to quantitatively assess D-QSC
presence were heterogeneous (Tables 3 and 4). The most
common indicator for D-QSC was social support (14/42, 33%;
Table 3). Among the 31 quantitative studies assessed, there
were 20 different standardized questionnaires used to measure

QSC (Tables 3 and 4), with only 4 (13%) studies using the same
measure (Multidimensional Scale of Perceived Social Support).
Nonstandardized questionnaires were also used in some studies,
including single questions (eg, “I hope to gain support through
meeting people going through similar experiences, Y/N”). The
remaining indicators of QSC were identified from qualitative
analysis within 17 studies [43-59].
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Table 3. Indicators of the presence of quality social connection within digital interventions in the included studies (N=42).

Improved anxiety
outcomes, n (%)

Improved depression
outcomes, n (%)

Values, n (%)Description and measurement
example

Indicator

2 (14) [24,56]9 (64)
[23,24,30,36,37,39,41,42,56]

14 (33)
[20,23,24,30,35-39,41,42,46,53,56]

Level of support received from
others. Multidimensional Scale
of Perceived Social Support:

Social supporta

“There is a special person who
is around when I am in need”

5 (50)
[28,31,52,57,58]

6 (60)
[22,28,29,31,57,58]

10 (24)
[22,27-29,31,43,52,56-58]

A sense of feeling connected to
others. Social Connectedness
Scale Revised: “I feel under-
stood by the people I know”

Social connectednessa

1 (20) [56]1 (20) [56]5 (12) [33,43,46,55,56]Bonding through shared experi-
ence or understanding. Open-

Relatedness

ended survey questions to deter-
mine best and worst aspects of
intervention

1 (25) [25]1 (25) [25]4 (10) [18,25,47,53]Communicating with those who
have similar experiences and

Connecting with similar people

feelings. Content analysis and
thematic coding of qualitative
questions

1 (33) [59]2 (67) [29,59]3 (7) [29,53,59]Having a sense that people are
okay with, and accepting of,

Feeling accepted

oneself. Likert-scale response
to statement “I felt that the [fo-
rum] moderators accepted me”

1 (25) [52]2 (50) [21,54]4 (10) [21,51,52,54]Feeling able to disclose one’s
thoughts and feelings to others.

Being able to share

Friendship Quality Question-
naire: “I would tell him or her
what upsets me”

2 (67) [52,59]1 (33) [59]3 (7) [47,52,59]Someone making it clear that
what one is feeling is normal.

Feeling normalized

Peer Support Evaluation Inven-
tory subscale item: “Helped me
feel that what I was going
through was ‘normal’”

2 (100) [57,59]2 (100) [57,59]2 (5) [57,59]A sense of intimacy or connec-
tion with another person. Peer

Feeling close to a peer

Support Evaluation Inventory
subscale item: “I felt close to
my peer”

1 (33) [25]2 (67) [25,54]3 (7) [25,54,55]Knowing that others are experi-
encing similar feelings. Content

Less alone in one’s feelings

analysis and thematic coding of
qualitative interview questions

1 (50) [31]2 (100) [22,31]2 (5) [22,31]Feeling that one is part of a
group. Interpersonal Needs
Questionnaire: “I don’t fit in”

Sense of belonging

——b2 (5) [48,50]A bond created among 2 or
more people by sharing feel-

Emotional connection

ings. Text-based ethnographic
study of instant messaging
conversations

——2 (5) [27,34]Understanding and sharing
feelings of another person.

Empathy

Networked Minds Measure of
Social Presence Empathy sub-
scale: “When the other was
happy, I was happy”
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Improved anxiety
outcomes, n (%)

Improved depression
outcomes, n (%)

Values, n (%)Description and measurement
example

Indicator

1 (50) [31]2 (100) [22,31]2 (5) [22,31]Sense that one is not bothering
or troubling others. Interperson-
al Needs Questionnaire low
score for items such as “These
days I think I make things
worse for the people in my life”

Feeling you are not a burden

——1 (2) [45]Trust and understanding estab-
lished between the provider and
patient. Provider-reported from
ethnography

Rapport

——1 (2) [47]Having acceptance or approval
from others of one’s thoughts
and feelings. Content analysis
and thematic coding of qualita-
tive questions, categorized as
Appraisal support

Feeling validated

—1 (100) [54]1 (2) [54]Another person knowing how
one is feeling through their own
similar experience. Content
analysis and thematic coding of
forum posts

Shared understanding

1 (100) [59]1 (100) [59]1 (2) [59]Ability to rely on someone.
Peer Support Evaluation Inven-
tory: “My peer was trustwor-
thy”

Trust

aDirectly encapsulates the definition of quality social connection.
bNot available.

Table 4. Indicators of the absence of quality social connection within digital interventions in the included studies (N=42).

Improved anxiety
outcomes, n (%)

Improved depression
outcomes, n (%)

Values, n (%)Description and measurement exampleIndicator

——c6 (14) [26,43,47,49,51,53]Harm being inflicted through digital interventions,
resulting in negative feelings such as loneliness
or hurt. Social Networking Survey: “How positive
(or negative) are your interactions with people on

FBa and MSb?”

Negative interactions

2 (29) [31,59] (Re-
duced loneliness)

4 (57) [30,31,40,59]
(Reduced loneliness)

7 (17) [19,30-32,40,47,59]A sense of isolation as a result of being disconnect-
ed from other people. University of California,
Los Angeles, Loneliness Scale: “I lack compan-
ionship”

Loneliness

——2 (5) [49,51]Not being responded to. Content analysis and
thematic coding of semistructured interviews ex-
ploring engagement with therapist through social
networks and its efficacy

Feeling ignored

aFB: Facebook.
bMS: Myspace.
cNot available.

Associations Between D-QSC and Outcomes
The relationship between D-QSC indicators and outcomes was
mixed. Of the 42 studies, 10 (24%) reported a change in
depression symptoms over time after participants experienced
a D-QSC, and a pooled analysis demonstrated a significant
weighted mean decrease in depression by 25.6% (–0.256, 95%

CI –0.352 to –0.160; P<.001), with high heterogeneity (I2=
90.8%; Figure 2) [20,23,24,26,30,36,37,39,41,42]. Of the 42

studies, 5 (12%) reported change over time in anxiety symptoms;
there was also a decrease, but it was smaller (15%; –0.151, 95%

CI –0.251 to –0.051; P=.003), with high heterogeneity (I2=
83.1%; Figure 3) [29,31,56-58].

The indicators of D-QSC associated with improved depression
or anxiety symptoms included social support
[23,24,30,36,37,39,41,42,56], social connectedness
[22,28,29,31,52,57,58], loneliness (reduced) [30,31,40,54,59],
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relatedness [56], sense of belonging [22,31], being able to share
[21,52,54], less alone in one’s feelings [25,54], feeling
normalized [52,59], feeling close to peer [57,59], feeling you
are not a burden [22,31], feeling accepted [29,59], shared
understanding [54], and trust [59] (Table 3). For example,
depression outcomes improved after good social support for
those abused on the web [36] and for adolescents with high
social anxiety [21]. In contrast, negative interactions [20,26],
negative experiences of social support [49,51,52], and frequent
social media use [27] were associated with worsened outcomes
(Table 4). For example, young people aged 17-19 years using
social media (eg, Facebook, Instagram, and Twitter) to connect

with others were more likely to have anxiety but not depression
at 3 years’ follow-up [27]. A similar but older study found a
worsening of depression outcomes with social networking
interactions (ie, Facebook, Myspace, and texting) [26]. This
relationship between negative interactions on social media and
worsened outcomes was evident in both men and women,
particularly in those also receiving low face-to-face social
support [20]. Additional indicators of D-QSC that did not
explicitly indicate effect on depression or anxiety were feeling
validated [47], rapport [45], empathy [27,34], and emotional
connection [48,50]. The indicators also improved well-being
outcomes (Multimedia Appendix 4 [19,30-33,35,48,49,53]).

Figure 2. Forest plot showing the effect of social connection within digital interventions on depression outcomes. ES: effect size.
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Figure 3. Forest plot showing the effect of social connection within digital interventions on anxiety outcomes. ES: effect size.

Digital Intervention Mechanisms That Facilitate QSC
Digital intervention mechanisms mainly helped facilitate QSC
[18,20,25,30,35,43,44,46,50,51,55,56,58,59]. Forum moderation,
confidentiality, ease of access, and anonymity supported by
digital interventions were cited as valuable [18,43,50,56,58,59],
facilitated open sharing in digital environments, and could lower
inhibitions compared with face-to-face engagement [50,51].
The usual signals received during face-to-face interactions, such
as body language or facial expression, were lost during digital
interactions [52] and could impair the quality of interactions
[26].

D-QSC was deemed more valuable when digital interactions
were blended with face-to-face interactions [20,35,43]. For
example, digital interactions were convenient and accessible,
whereas face-to-face meetings helped maintain the connection.
Higher levels of web-based social support were associated with
increased symptoms of depression, specifically in both men and
women and those who had little in-person social support [20].
One study found that participants were disconnected from the
real world through high levels of web-based engagement [43].
Indeed, disconnection can have an impact on the interaction
between peers and family and result in increased loneliness
[19,32]. Other studies indicated that participants felt ignored
[51], misunderstood [51], and had hurt feelings [43,49].

Participants also valued opportunities to support others [41,55],
to connect with peers, and compare similar mental health
experiences [25,54]. Some participants considered the
networking component as the most helpful aspect of a moderated

web-based social therapy tool, more helpful than the therapy
itself [46]. Harassment was also identified as occurring
frequently on the web. For example, a study reported this
frequently among transgender adolescents [32].

Individual and Contextual Factors Influencing
Mechanisms

Demographic and Personality Factors
The effect of D-QSC on depression outcomes differed across
genders and personality variables. Social support from active
Facebook use predicted a reduction in depression symptoms in
girls but not in boys [37]. In another study, increased social
support on the web and decreased offline social support was
associated with increased depression symptoms across both
genders [20]. Demographic (eg, personality type) and dynamic
(eg, vulnerability level) characteristics were also reported to
modulate the influence of D-QSC on depression and anxiety
outcomes. Personality differences were only discussed in 5%
(2/42) of the studies [41,48]. Chatting exclusively on the web
predicted significantly improved depression [41] or
psychological well-being [48] outcomes only in participants
with more introverted personality traits.

Anxiety Versus Depression
D-QSC was more important for depression than for anxiety
outcomes. For example, both web-based self-help cognitive
behavioral therapy and peer support effectively reduced anxiety,
but peer support was more effective in improving outcomes of
depression [56]. Moreover, those with higher social anxiety had
lower depression symptoms after corumination with a web-based
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best friend [21]. In contrast, symptoms of depression predicted
negative social networking interactions, which in turn resulted
in higher symptoms of depression and anxiety [26]. An app
designed to strengthen relationships and increase social
connections for individuals with social anxiety disorder also
improved symptoms of depression [57]. This effect lasted longer
in participants without existing social anxiety disorder.

Offline–Web-Based Engagement
A cross-sectional study reported improved mood only for
participants chatting with friends on the web who were also
known offline; they were not web-exclusive friends [32]. Social
web-based gamers who had lower depression and social anxiety
on the web had higher QSC with friends offline [28].

Adapted Conceptual Framework

Stage 1
A total of 55 indicators were found from professionals (19/55,
35%), young people (19/55, 35%), and the literature (17/55,
30%; Multimedia Appendix 5). Social connectedness and social
support were excluded because they directly described social

connection and were not attributes of D-QSC (indicators). Of
the 55 indicators, 5 (9%) were direct repeats and 5 (9%) were
deemed not attributes of D-QSC.

Stage 2
The remaining 45 indicators were grouped if conceptually
similar or stood alone. For example, Trust established and Trust,
as well as Nonjudgmental and Not feeling judged, were grouped,
respectively. After the grouping, 30 indicators remained.

Stage 3
Of the 30 D-QSC indicators, 10 (33%) were initially mapped
directly onto the preexisting CIVIC framework components
(Figure 4). The remaining 67% (20/30) of indicators that did
not map on directly were either merged with indicators that
naturally went together, such as Safety and trust, or remained
standalone indicators. Merged indicators (eg, Safety and trust,
Feeling close to peer, and Laughing and feeling happy) and
standalone indicators (eg, Emotional connection) were then
loosely grouped and given new provisional component names
(eg, Valued interpersonal dynamic) that suited the indicators’
collective meaning.

Figure 4. Adapted RIVER (rapport, identity and commonality, valued interpersonal dynamic, engagement, and responded to and accepted) conceptual
framework for quality social connection within digital interventions. CIVIC: Closeness, Identity and common bond, Valued relationships, Involvement,
and Cared for and accepted; QSC: quality social connection.

Stage 4
Young experts reviewed the preliminary framework and
identified 2 extra indicators that were deemed important (ie,
Feeling important and Acceptance of differences) and added to
the framework. Experts also helped to refine the wording or
further merge indicators and components. For example, the
Identity and common bond component was changed to Identity
and commonality. There were 28 indicators across 5

components: rapport, identity and commonality, valued
interpersonal dynamic, engagement, and responded to and
accepted, given the acronym RIVER (Figure 4).
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Discussion

Principal Findings
To our knowledge, this is the first systematic scoping review
with meta-analysis to examine D-QSC as an active ingredient
for depression and anxiety outcomes in young people. Usually
conflated with quantity of social connections, QSC has now
been comprehensively examined for its relevance to the mental
health outcomes of digital interventions. We coproduced a
conceptual framework of D-QSC for young people experiencing
depression or anxiety that summarizes current understanding
of component attributes or indicators. The RIVER framework
comprises indicators relevant for establishing and assessing the
presence of D-QSC. This can be characterized across 5
components. These components are interconnected and may
not be exhaustive, but they provide a foundation for further
work in this field to establish appropriate metrics for D-QSC.

D-QSC seems to help improve depression outcomes across most
digital interventions. However, there is weaker evidence that
D-QSC improves anxiety and well-being. There was also limited
evidence of gaming, which was surprising considering that the
participative nature with other users is at its core. D-QSC also
worsened depression and anxiety outcomes in some instances,
but this was often a result of negative interactions through social
networking sites, which could be construed as a poor D-QSC.
Few studies examined individual factors, contextual factors, or
digital mechanisms that may modulate the impact of digital
QSC on mental health outcomes. However, in the few studies
that did report on mechanisms, a face-to-face connection before
web-based support was an important consideration for improving
outcomes. Furthermore, the impact of web-based support was
modulated by the strength of offline connections.

Comparison With Prior Work
Reviews assessing the efficacy of digital mental health
interventions for young people have found digital interventions
to be as efficacious as, or sometimes more efficacious than,
similar interventions delivered in person [65]. The strongest
review to date that most closely relates to QSC collated
measures of social connectedness to produce a conceptual
framework of social connectedness in mental disorders (CIVIC)
[17]. However, the review positioned social connectedness as
the solution to loneliness and not as an active ingredient for the
prevention and treatment of mental disorders (ie, depression
and anxiety). Our work extended this framework to ensure that
QSC was considered for digital interventions, for young people,
and across different contexts. This process substantially
expanded the elements indicating the development or presence
of D-QSC and required redefining the CIVIC framework
components to form the RIVER framework of D-QSC indicators
for young people. Interestingly, the component of the CIVIC
framework found to be most frequently assessed in current QSC
metrics was Identity and common bond; this was the only
component of our adapted framework not selected as a top
priority in the context of digital interventions for anxiety and
depression during review of the framework by 9 young people.
This highlighted the need to develop improved metrics that are
uniformly applied.

Strengths and Limitations
Young people with lived experience were involved at all review
stages, including screening and interpretation. Dual independent
review of the literature with people with direct experience of
the review area helped us to overcome some limitations inherent
in the current literature to gain better understanding of QSC and
ensure accuracy of the screening. The insight from the young
people during the data synthesis and interpretation stages helped
to retain the data integrity. We have subsequently added to the
limited evidence base for the impact of patient and public
involvement throughout all stages of systematic and scoping
reviews. Our adapted RIVER framework provides the
foundation for future work to develop measures that would
enable a developer, evaluator, or practitioner using digital
interventions for mental health to assess the presence and degree
of the QSC established.

The main limitation was that the studies did not control for a
previous established connection offline before the D-QSC. Of
the 42 studies, only 12 (29%) could be included in the
meta-analysis because of a lack of measured effect sizes in
previous work and heterogeneity across approaches, suggesting
that the results should be interpreted with caution. Because of
the scoping nature of the review, there was also statistical and
methodological variability in the meta-analysis. Only
manuscripts that were in English were included, which enables
cultural bias. However, this was mitigated to an extent by
working with young people and professionals from a variety of
countries and cultural contexts to interpret the findings.

Clinical and Research Implications
QSC should be considered in the development and application
of most digital interventions, particularly for depression.
However, more research is needed to examine its impact within
gaming platforms. In general, digital interventions mostly helped
facilitate QSC; therefore, developers should consider factors
such as user preference, anonymity, delivery medium, and
content moderation. Initially, they should consider whether
D-QSC is appropriate, depending on the target audience, and
whether it will be important for engagement, or efficacy, or
both. Further research is required to establish which individuals,
conditions, and therapeutic mechanisms respond most strongly
to D-QSC and what format is most appropriate. Clinical trials
of any new digital intervention for mental health should control
for previous face-to-face connections.

Future research should build upon our RIVER framework to
further examine relationships among individual indicators of
QSC, variations across different digital interventions, and the
impact on outcomes across different user groups, particularly
those in low- and middle-income countries. Factors that may
mediate any causative relationships between QSC and mental
health outcomes also deserve further attention. This work will
inform the creation of standardized measures for D-QSC to
evaluate its presence across different social settings. New
measures should be developed to assess (1) attributes of a digital
intervention that help or hinder good QSC and (2) the perceived
value of a particular QSC for an individual and its relationship
to outcomes within digital interventions. This work has value
for development, regulation, and evaluation of digital mental
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health interventions, as well as delineating helpful and harmful
web-based interactions for young people, including social media.
It will be vital to expand digital mental health care provision
during the COVID-19 pandemic.

As the COVID-19 pandemic accelerates the shift to digital
delivery of traditional therapy [13], clinicians should be trained
in how to incorporate techniques for developing or maintaining
D-QSC. Guidelines should be developed to ensure that moving
face-to-face therapies to web-based spaces does not affect the
QSC in the practitioner-patient dyad, and they should include
strategies to improve connection on the web. Further clinical
recommendations include a prioritization of video

communication for web-based therapy to allow body language
to be observed. However, anonymity can be beneficial to some
users when first divulging sensitive mental health information.
Blended care should enable patients to first meet their therapist
in person, if desired, to facilitate QSC that can be translated to
digital follow-ups.

Conclusions
In conclusion, D-QSC is important and an underconsidered
component supporting engagement and efficacy for young
people with depression and anxiety. In the wake of the
COVID-19 pandemic, our work holds relevance as mental health
needs rise and support will increasingly be provided on the web.
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Abstract

Background: Smoking tobacco, poor nutrition, risky alcohol use, and physical inactivity (SNAP) behaviors tend to cluster
together. Health benefits may be maximized if interventions targeted multiple health risk behaviors together rather than addressing
single behaviors. The internet has wide reach and is a sustainable mode for delivery of interventions for multiple health behaviors.
However, no systematic reviews have examined the long-term effectiveness of internet-based interventions on any combination
of or all SNAP behaviors in adults aged 18 years or older.

Objective: This systematic review examined, among adults (aged ≥18 years), the effectiveness of internet-based interventions
on SNAP behaviors collectively in the long term compared with a control condition.

Methods: The electronic databases Medline, PsycINFO, Embase, CINAHL, and Scopus were searched to retrieve studies
describing the effectiveness of internet-based interventions on ≥2 SNAP behaviors published by November 18, 2019. The reference
lists of retrieved articles were also checked to identify eligible publications. The inclusion criteria were randomized controlled
trials or cluster randomized controlled trials with adults examining an internet-based intervention measuring the effect on ≥2
SNAP behaviors at least 6 months postrecruitment and published in English in a peer-reviewed journal. Two reviewers independently
extracted data from included studies and assessed methodological quality using the Quality Assessment Tool for Quantitative
Studies. A robust variance estimation meta-analysis was performed to examine the long-term effectiveness of internet-based
interventions on all 4 SNAP risk behavior outcomes. All SNAP outcomes were coded so they were in the same direction, with
higher scores equating to worse health risk behaviors.

Results: The inclusion criteria were met by 11 studies: 7 studies measured the effect of an internet-based intervention on nutrition
and physical activity; 1 study measured the effect on smoking, nutrition, and physical activity; and 3 studies measured the effect
on all SNAP behaviors. Compared with the control group, internet-based interventions achieved an overall significant improvement
across all SNAP behaviors in the long term (standardized mean difference –0.12 [improvement as higher scores = worse health

risk outcomes], 95% CI –0.19 to –0.05; I2=1.5%, P=.01). The global methodological quality rating was “moderate” for 1 study,
while the remaining 10 studies were rated as “weak.”
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Conclusions: Internet-based interventions were found to produce an overall significant improvement across all SNAP behaviors
collectively in the long term. Internet-based interventions targeting multiple SNAP behaviors have the potential to maximize
long-term improvements to preventive health outcomes.

(J Med Internet Res 2021;23(12):e23513)   doi:10.2196/23513

KEYWORDS

internet; multiple health behaviors; tobacco; nutrition; alcohol; physical activity

Introduction

Smoking tobacco, poor nutrition, risky alcohol use, and physical
inactivity (SNAP) are modifiable risk factors for chronic
diseases such as heart disease, stroke, cancer, and diabetes [1].
Individuals who engage in all 4 SNAP behaviors, compared
with 0, have an increased risk of mortality, equivalent to 14
years of aging [2]. Evidence has shown that SNAP behaviors
tend to cluster together [3-5], suggesting a holistic approach for
interventions to modify multiple health behaviors collectively
rather than single behaviors individually may be beneficial.
Multiple health behavior interventions target 2 or more health
behaviors either sequentially or simultaneously [6]. Advantages
of improving multiple health behaviors include maximizing
health benefits [7], greater reduction in medical costs [8], and
successfully modifying one behavior may increase confidence
or motivation to change other health behaviors [7,9].

The internet is accessible globally and is a sustainable mode
for the delivery of interventions for multiple health behaviors
[10]. There are more than 4 billion internet users worldwide
[10]; therefore, internet-based interventions have the potential
to reach large numbers of people. Other advantages of
internet-based interventions include that users can access
information any time [11,12] as well as a low-cost modality for
information delivery [11,12] and allowing for privacy,
confidentiality [11], and long-term use [12,13]. Internet-based
interventions may be interactive [11-13] and incorporate
behavior change techniques such as individually tailored
information [11,13], goal setting [12-14], self-monitoring
[12-14], personalized and normative feedback [11,12,14], and
progress tracking [12,13]. Internet-based interventions may also
reduce health inequalities by improving access to services, for
example among individuals who live in rural and remote areas
or have significant mobility issues [13,15].

Existing systematic reviews have examined the effectiveness
of behavioral interventions on multiple health risk behaviors
[16,17]. A systematic review of nonpharmacologic interventions
on multiple health risk behaviors found modest improvements
in fruit and vegetable intake, physical activity, reduced fat
intake, and reduced smoking [16]. Furthermore, another
systematic review examining the efficacy of apps in children,
adolescents, and adults reported that 41% of multiple health
behavior interventions showed significant between-group
improvements in behaviors [17]. However, only 2 systematic
reviews have specifically examined the effectiveness of
internet-based interventions on 2 or more SNAP behaviors in
adult populations [18,19]. The review by Norman et al [18]
focused on interventions for nutrition and physical activity but
not tobacco use and alcohol intake. Of the 17 studies targeting

multiple behaviors, 6 studies favored an internet-based
intervention for increasing physical activity, and 6 studies
favored an internet-based intervention for changing nutrition
behaviors [18]. However, this systematic review was not
restricted to adult populations, and findings from children and
adolescents were included in the synthesis of findings [18].
Furthermore, short-term follow-up assessments were contained
within this systematic review, and many studies did not report
the effect of the internet-based intervention on nutrition and
physical activity in the long term [18]. In the second systematic
review, Oosterveen and colleagues [19] examined the
effectiveness of internet-based interventions on combinations
of all SNAP behaviors but included young adults aged 18 years
to 35 years only. This systematic review identified only 2 studies
with young adults targeting nutrition and physical activity
behaviors that included a long-term follow-up (ie, 6 months or
longer) [19]. To our knowledge, there is no systematic review
that has examined the long-term effectiveness of internet-based
interventions on any combination of or all SNAP behaviors in
adults aged 18 years or older. Further critical review of the
evidence is therefore needed to understand whether
internet-based interventions are effective in improving multiple
SNAP behaviors in the long term.

This systematic review aimed to examine the effectiveness of
internet-based interventions on multiple SNAP health risk
behaviors in the long term compared with a control condition.

Methods

Search Strategy and Selection Criteria
The electronic databases Medline, PsycINFO, Embase,
CINAHL, and Scopus were searched to retrieve studies
describing the effectiveness of internet-based interventions on
2 or more SNAP behaviors published by November 18, 2019.
The following combinations of keywords were used: (multiple
health behavio* or multiple behavio* or multiple risk* or
multiple health* or smok* or tobacco or alcohol or diet* or
nutrition or exercise or physical activity or fruit* or vegetable*)
AND (internet or web* or online or on-line) AND (trial* or
RCT* or random*). The reference lists of retrieved articles were
also checked to identify any additional eligible publications.

The inclusion criteria were studies (1) that reported randomized
controlled trials (RCTs) or cluster RCTs of internet-based
interventions for ≥2 SNAP behaviors as either the sole
intervention or an adjunct to written materials, (2) with adults
aged 18 years or older, (3) that reported outcomes for ≥2 SNAP
behaviors at least 6 months postrecruitment, (4) that had a
no-intervention control group or the control group received
information either in hard copy or information unrelated to
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SNAP via a website, and (5) in the English language in a
peer-reviewed journal.

Publications were excluded if (1) they did not report the
outcomes of an RCT or cluster RCT (eg, systematic reviews,
commentaries); (2) they examined only 1 SNAP health behavior;
(3) they included special populations only such as people with
chronic conditions (eg, cancer, diabetes) or pregnant women
(this criterion was chosen because people with chronic
conditions may differ in their motivation and capacity to change
behaviors compared with those without chronic conditions and
is consistent with the criterion set in another systematic review
that examined multiple health risk behaviors [16]); (4) were
conducted with people under 18 years of age; (5) outcome
measures were not related to SNAP (eg, blood pressure); (6)
the internet-based intervention was part of a multicomponent
approach that included other modes of support (eg, face-to-face,
telephone); (7) there was no control arm, and instead,
comparisons were made with other interventions (eg,
face-to-face support); and (8) SNAP outcomes were measured
before 6 months postrecruitment.

Selection of Eligible Studies
This systematic review was conducted in accordance with
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines [20]. All records identified in
each electronic database were imported into Endnote, and
duplicates were removed. Titles, abstracts, and full texts of each
reference were independently screened in duplicate by 2
reviewers (LW and FT or AM or EB) to determine if eligibility
criteria were met. Full-text articles were retrieved when
eligibility could not be determined from the title and abstract
screening.

Study and Sample Characteristics
Data were independently extracted from the included studies
by 2 authors (AM and AH or LW). A third author (FT) resolved
any inconsistencies in data extraction. The study and sample
characteristics extracted from eligible publications included
authors and year of publication, country, years that data were
collected, setting, sample characteristics (eg, mean age, gender,
education, employment status), recruitment method, eligibility
criteria, treatment conditions (relevant arms only; ie,
internet-based intervention and control arms), internet-based
intervention received (eg, duration, number of modules),
retention rate at follow-up, SNAP measures, SNAP outcomes
at 6 months of follow-up or later, and costs.

The outcomes extracted for each health behavior were any
measure of (1) tobacco smoking (eg, current tobacco smoking,
point prevalence abstinence, or prolonged abstinence), (2)
nutrition (eg, number of daily serves of fruit and vegetables,
dietary score), (3) alcohol consumption (eg, number of alcoholic
drinks per day), and (4) physical activity (eg, moderate to
vigorous physical activity, metabolic equivalent of task [MET]
minutes per week).

Methodological Quality Assessment
The Quality Assessment Tool for Quantitative Studies developed
by the Effective Public Health Practice Project was used to

assess methodological quality [21]. This tool was chosen
because it has demonstrated content validity, construct validity,
and test-retest reliability [22] and has been shown to have higher
interrater reliability than the Cochrane Collaboration Risk of
Bias Tool [23]. The Quality Assessment Tool for Quantitative
Studies allows randomized trials to be rated on 6 components:
(1) selection bias, (2) study design, (3) confounders, (4) blinding,
(5) data collection methods, and (6) withdrawals and dropouts.
Each study was rated as “strong,” “moderate,” or “weak” for
each component. An overall global rating was then assigned to
each study, with studies classified as “strong” (no weak ratings),
“moderate” (1 weak rating), or “weak” (2 or more weak ratings).
The Quality Assessment Tool for Quantitative Studies
Dictionary was used to make judgments about each of the 6
components [24].

The methodological quality of included studies was rated by 2
authors (FT and AM). Any discrepancies were discussed
between these authors until consensus was reached. When rating
the data collection methods, the measures for “all” SNAP
outcomes needed to be shown to be valid and reliable for the
data collection methods to be rated as strong. For instance, if
smoking cessation was measured via biochemical validation
and physical activity assessed via pedometers, the data collection
methods were rated as strong. However, if smoking cessation
was measured via a self-reported measure with no information
about its psychometric properties and pedometers were used to
assess physical activity, the data collection methods were rated
as weak because “all” SNAP measures were not shown to be
reliable and valid.

Robust Variance Estimation Meta-analysis
A robust variance estimation meta-analysis was performed using
the R package robumeta. All SNAP behaviors were coded so
they were in the same direction, with higher scores equating to
worse health risk outcomes. Where a study measured the
outcome at multiple time points (eg, 6 months and 12 months),
data from the longer-term follow-up was included in the
meta-analysis. The SNAP outcomes from each study were
converted into Cohen d (standardized mean differences [SMDs])
and the corresponding variance [25]. Robust variance estimation
meta-analysis was then performed on the SMDs (and variances),
using the R package robumeta. A common within-study
correlation (rho) of 0.8 was assumed, and sensitivity analyses
were performed to determine the sensitivity of the results to this
assumption (by looking at the results across various rho equal
to 0, 0.2, 0.4, 0.6, or 1.0). Heterogeneity was measured using

the I2 statistic [26].

Results

Search Results
The PRISMA flow diagram outlining the study selection process
is presented in Figure 1. A total of 34,673 records were
identified from the electronic database searches. After the
removal of duplicates, 16,420 records had their title and/or
abstract screened, and 16,341 did not meet the inclusion criteria.
The full texts of the remaining 79 articles were retrieved for
further review, and 68 articles were excluded for the following

J Med Internet Res 2021 | vol. 23 | iss. 12 | e23513 | p.120https://www.jmir.org/2021/12/e23513
(page number not for citation purposes)

Tzelepis et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


reasons: multicomponent intervention (n=29), not an RCT
(n=19), did not measure 2 or more SNAP behaviors (n=7), less
than 6 months of follow-up (n=6), did not include a
no-intervention or self-help control group (n=4), not an

internet-based intervention (n=2), and population with chronic
disease (n=1). The inclusion criteria for this review were met
by 11 studies.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram of the screening and selection process. RCT:
randomized controlled trial.
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Study Characteristics of Internet-Based Interventions
for Multiple Health Risk Behaviors

Studies That Examined Nutrition and Physical Activity
As shown in Multimedia Appendix 1, the effectiveness of an
internet-based intervention on nutrition and physical activity
was examined by 7 studies [27-33]; 5 studies were conducted
in the United States [27,29,30,32,33], and 1 study each was
conducted in the United Kingdom [31] and Australia [28].
Recruitment occurred from the community in 3 studies
[28,32,33], from health care settings in 2 studies [27,31], and
from universities in 2 studies [29,30]. In 6 studies, participants
were recruited via various advertisements (eg, website, emails,
newspaper, flyers, posters, radio) [27,28,30-33], while 2 studies
used sign-up tables at universities [29,30]. The sample size
ranged from 121 [27] to 1071 [33]. Only men were included in
2 studies [28,32], and only women were included in 1 study
[27]. The percentage of women ranged from 56.3% (268/476)
to 77% (171/221) in the remaining studies [29-31,33].

The interventions included web-based learning activities,
modules, or tutorials [27,30,32,33]; self-monitoring [28,32];
educational materials [28,29,31]; social support [28]; tailored
information [27,30-33]; feedback [32]; and goal setting [32,34].
The duration of engagement with the internet-based
interventions ranged from 2 sessions [29] to a 12-month trial
period [31]. Nutrition and physical activity were measured via
self-reported measures in 6 studies [27-32], while 1 study used
self-reported measures for nutrition and pedometers for physical
activity [33]. Nutrition and physical activity were assessed at
6 months in 4 studies (range of retention of 291/441, 66.0% to
105/121, 86.8% [27,29,31,32]), 7 months in 1 study (retention:
950/1071, 88.7% [33]), 9 months in 1 study (retention: 148/317,
46.7% [28]), 12 months in 2 studies (retention: 131/221, 59.3%
and 309/441, 70.1% [31,32]), 15 months in 1 study (retention:
1126/1689, 66.7% [30]), and 16 months in 1 study (retention:
935/1071, 87.3% [33]).

Studies That Examined Smoking, Nutrition, and Physical
Activity
Multimedia Appendix 2 describes the study characteristics of
the US study examining the effectiveness of an internet-based
intervention on smoking, nutrition, and physical activity [34].
This study recruited 423 university staff (female: 347/423, 82%;
mean age 51 years) via announcements on staff listservs,
targeted emails, recruitment tables at events, and flyers [34].
The RealAge internet program generated individual risk profiles
and allowed users to select behaviors to change and create plans
to meet behavioral goals [34]. Self-reported measures assessed
smoking cessation, nutrition, and physical activity at 6-month
(retention: 360/423, 85.1%) and 12-month (retention: 367/423,
86.8%) follow-ups [34].

Studies That Examined Smoking, Nutrition, Alcohol,
and Physical Activity
As outlined in Multimedia Appendix 3, the effectiveness of
internet-based interventions on smoking, nutrition, alcohol, and
physical activity was assessed by 3 studies [35-37]. All studies
were conducted in the United Kingdom [35-37]; 2 studies were
undertaken in the university setting [35,36], and 1 study was

conducted in the community [37]. In 2 studies, incoming
undergraduate students were recruited via an email invitation
[35,36], while online and print advertisements were used to
recruit participants in the community study [37]. Across the 3
studies, the sample size ranged from 100 [37] to 2621 [35].
Most participants were women in all the studies (range:
1447/2614, 55.4% to 82/100, 82% [35-37]), and the mean age
ranged from 18.8 years [35] to 39 years [37]. The U@Uni [36]
and U@Uni:LifeGuide [35] internet-based interventions
included a profile page containing self-affirmation manipulation,
theory-based messages for each SNAP behavior, and a planner
to form implementation intentions. The HealthyValues Healthy
Eating program targeted motivation, volition, and maintenance
and included weekly tasks for 24 weeks [37]. All studies
measured SNAP outcomes via self-reported measures at a
6-month follow-up [35-37]. The retention rates at 6 months
were 41.2% (1079/2621) [35], 63.2% (913/1445) [36], and 95%
(95/100) [37], respectively.

Long-Term Effectiveness of Internet-Based
Interventions Across SNAP Risk Behaviors
The robust variance estimation meta-analysis found that,
compared with the control group, internet-based interventions
achieved an overall significant improvement across all SNAP
behaviors in the long-term (SMD –0.12 [improvement as higher
scores = worse health risk outcomes], 95% CI –0.19 to –0.05;

I2=1.5%, P=.01) [27,29,30,32,34-37]. Heterogeneity was low

(I2=1.5%), and the tau-square (the extent of variation due to
between-study variance) was low, at <0.001. The sensitivity
analysis showed that the model results did not vary greatly
across different values of within-study correlation (rho).

Methodological Quality Assessment
Table 1 presents the methodological quality ratings for the 6
components and the global rating as assessed via the Quality
Assessment Tool for Quantitative Studies [21]. In terms of
selection bias, all studies were rated “weak,” as 9 of these studies
recruited volunteers who responded to advertisements or sign-up
tables [27-34,37], and 2 studies sent emails to all incoming
undergraduate students but recruited less than half of those
approached [35,36]. All included studies were RCTs or cluster
RCTs and were rated as “strong” in terms of study design
[27-37]. With regards to confounders, 8 studies were rated as
“strong” because there were no between-group differences at
baseline [31,32,34,35,37] or adjustments for baseline
characteristics were made during analysis [27,29,36], while 1
study was rated as “moderate,” as stratification attempted to
balance baseline characteristics across groups [33], and 2 studies
were rated as “weak,” as no adjustments were made during
analysis for baseline characteristics that differed between the
groups [28,30]. For blinding, 9 studies were rated as “weak”
because the assessors and participants were not blinded
[28,31,34] or there was no information about blinding
[27,29,30,33,35,36], while 2 studies were rated as “moderate”
because only the assessors were blinded to the condition [32,37].
For data collection methods, 8 studies were rated as “weak,” as
all relevant SNAP measures were not shown to be valid or
reliable (either via the use of an objective measure or
demonstration of acceptable psychometric properties of a
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self-reported measure) [27,30,31,33-37], while 3 studies were
classified as “strong,” as all SNAP measures used were valid
and reliable [28,29,32]. In relation to withdrawals and dropouts,
4 studies were rated as “strong,” with retention rates ≥80%
(105/121; 935/1071; 367/423; 95/100) [27,33,34,37]; 4 studies
were rated as “moderate,” with retention rates between 60%

and 79% (422/606; 1126/1689; 309/441; 913/1445)
[29,30,32,36]; and 3 studies were rated as “weak,” with retention
rates <60% (148/317; 131/221; 1079/2621) [28,31,35]. In terms
of the global rating, 1 study was rated as “moderate” [32], and
the remaining 10 studies were rated as “weak” [27-31,33-37].

Table 1. Methodological quality assessment of included studies.

Global ratingWithdrawals and
dropouts

Data collection
method

BlindingConfoundersStudy designSelection
bias

Study

Nutrition and physical activity studies

WeakStrongWeakWeakStrongStrongWeakDrieling et al
[27]

WeakWeakStrongWeakWeakStrongWeakDuncan et al
[28]

WeakModerateStrongWeakStrongStrongWeakFranko et al
[29]

WeakModerateWeakWeakWeakStrongWeakGreene et al
[30]

WeakWeakWeakWeakStrongStrongWeakMcConnon et al
[31]

ModerateModerateStrongModerateStrongStrongWeakPatrick et al
[32]

WeakStrongWeakWeakModerateStrongWeakWinett et al
[33]

Smoking, nutrition, and physical activity study

WeakStrongWeakWeakStrongStrongWeakHughes et al
[34]

Smoking, nutrition, alcohol, and physical activity studies

WeakWeakWeakWeakStrongStrongWeakCameron et al
[35]

WeakModerateWeakWeakStrongStrongWeakEpton et al [36]

WeakStrongWeakModerateStrongStrongWeakTapper et al
[37]

Discussion

Principal Findings
This is the first systematic review to examine the long-term
effectiveness of internet-based interventions on SNAP behaviors
collectively in adults aged 18 years or older. This systematic
review focused on internet-based interventions to increase the
homogeneity of included studies. This is similar to other
systematic reviews that have focused on a specific digital
technology [38,39]. More broadly, however, digital technologies
can also include text messaging, email, mobile applications,
video conferencing [40], and just-in-time feedback interventions
[41]. The studies included in this systematic review most
commonly examined effectiveness on 2 SNAP behaviors,
namely nutrition and physical activity [27-33]. Only 3 studies
examined the effectiveness of internet-based interventions on
all 4 SNAP behaviors [35-37], whereas 1 study measured the
effect on 3 behaviors (ie, tobacco smoking, nutrition, physical
activity) [34].

The robust variance estimation meta-analysis findings reported
that internet-based interventions achieved an overall significant
improvement across all SNAP behaviors in the long term. This
suggests that internet-based interventions that adopt a holistic
approach to behavior change by addressing multiple SNAP
behaviors improve these behaviors collectively and consequently
may lead to better health outcomes and reduced health care
costs. Given no previous systematic reviews have examined the
long-term effectiveness of internet-based interventions on
multiple SNAP behaviors nor provided an overall effect size
across all SNAP behaviors, we cannot compare our findings to
previous reviews. To advance the field, further research is
needed on the long-term effectiveness of internet-based
interventions on multiple SNAP behaviors.

The studies in this systematic review recruited participants from
a variety of settings, including universities [29,30,34-36], the
community [28,32,33,37], and health care [27,31]. Among the
5 studies conducted in universities, only 1 study reported a
significant treatment effect on both nutrition and physical
activity [30], while another study found the intervention reduced
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current smoking but had no effect on nutrition, alcohol, and
physical activity [36]. Of 4 studies conducted in the community,
2 studies reported a significant treatment effect of the
internet-based intervention on nutrition and some physical
activity outcomes [32] or on some nutrition outcomes but not
physical activity [33]. The trials that recruited participants from
health care settings found no significant differences between
the internet-based intervention and the control condition [27,31].
Additional research is needed across a variety of settings to
expand the evidence base examining the long-term effectiveness
of internet-based interventions on combinations of 2 or more
SNAP behaviors.

In terms of methodological quality, 10 of 11 studies had a global
rating of “weak” [27-31,33-37], with only 1 study rated as
“moderate” [32]. Improvements to methodological rigor are
particularly needed for selection bias, blinding, and data
collection methods. Selection bias could be reduced by using
recruitment methods that aim to enroll a representative sample
(eg, random selection of potential participants) while data
collection methods could be improved via objective measures
(eg, pedometers for physical activity, biochemical validation
for smoking cessation) for all SNAP behaviors assessed. Given
the nature of behavioral interventions, blinding is often difficult;
however, future studies should attempt to blind assessors and
participants where possible.

Limitations
This systematic review had some limitations. First, although
we were able to pool the studies to undertake a robust variance
estimation meta-analysis to examine the long-term effectiveness
of internet-based interventions across all SNAP behaviors,
additional analyses examining potential moderators (eg, country)
were not possible due to the relatively small number of studies
in this systematic review. Second, the methodological quality
assessments were based on the information contained in the
articles, and missing details from these articles may have had
an impact on the ratings. Finally, all the studies were conducted
in high-income countries, which may limit the generalizability
of this systematic review’s findings to low- and middle-income
countries. In addition to expanding the research in the settings
and populations included in this review, future research should
assess the long-term effectiveness of internet-based interventions
on multiple SNAP behaviors in additional populations (eg,
culturally and linguistically diverse groups, Indigenous), settings
(eg, vocational education settings, rural and remote locations),
and countries (eg, low- and middle-income) to strengthen the
evidence base and improve the generalizability of the findings.

Conclusions
Internet-based interventions were found to produce an overall
significant improvement across all SNAP behaviors in the long
term. Given the promising findings on the long-term
effectiveness of internet-based interventions across all SNAP
behaviors collectively, such interventions may maximize
improvements to health and prevent chronic diseases.
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Abstract

Background: Virtual assistants can be used to deliver innovative health programs that provide appealing, personalized, and
convenient health advice and support at scale and low cost. Design characteristics that influence the look and feel of the virtual
assistant, such as visual appearance or language features, may significantly influence users’ experience and engagement with the
assistant.

Objective: This scoping review aims to provide an overview of the experimental research examining how design characteristics
of virtual health assistants affect user experience, summarize research findings of experimental research examining how design
characteristics of virtual health assistants affect user experience, and provide recommendations for the design of virtual health
assistants if sufficient evidence exists.

Methods: We searched 5 electronic databases (Web of Science, MEDLINE, Embase, PsycINFO, and ACM Digital Library)
to identify the studies that used an experimental design to compare the effects of design characteristics between 2 or more versions
of an interactive virtual health assistant on user experience among adults. Data were synthesized descriptively. Health domains,
design characteristics, and outcomes were categorized, and descriptive statistics were used to summarize the body of research.
Results for each study were categorized as positive, negative, or no effect, and a matrix of the design characteristics and outcome
categories was constructed to summarize the findings.

Results: The database searches identified 6879 articles after the removal of duplicates. We included 48 articles representing 45
unique studies in the review. The most common health domains were mental health and physical activity. Studies most commonly
examined design characteristics in the categories of visual design or conversational style and relational behavior and assessed
outcomes in the categories of personality, satisfaction, relationship, or use intention. Over half of the design characteristics were
examined by only 1 study. Results suggest that empathy and relational behavior and self-disclosure are related to more positive
user experience. Results also suggest that if a human-like avatar is used, realistic rendering and medical attire may potentially be
related to more positive user experience; however, more research is needed to confirm this.

Conclusions: There is a growing body of scientific evidence examining the impact of virtual health assistants’ design
characteristics on user experience. Taken together, data suggest that the look and feel of a virtual health assistant does affect user
experience. Virtual health assistants that show empathy, display nonverbal relational behaviors, and disclose personal information
about themselves achieve better user experience. At present, the evidence base is broad, and the studies are typically small in
scale and highly heterogeneous. Further research, particularly using longitudinal research designs with repeated user interactions,
is needed to inform the optimal design of virtual health assistants.

(J Med Internet Res 2021;23(12):e31737)   doi:10.2196/31737
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Introduction

Background
Advancements in machine learning and artificial intelligence
offer promise for delivering automated, tailored, convenient
health assistance with an unprecedented level of sophistication
and personalization and are already contributing to the
transformation of health care [1]. Virtual assistants can be
broadly defined as digital services designed to simulate human
conversation and provide personalized responses based on input
from the user. They can be programmed with structured
conversations or to answer the user’s questions. Capabilities
range from simple menu or multiple choice–based assistants to
more sophisticated virtual assistants with natural language
processing that recognize free speech or text. At present, virtual
assistants are widely deployed in web-based banking and service
settings, reducing reliance on staff by being available to answer
consumers’ questions about products and services on demand.
Virtual assistants are also increasingly being designed for
various health applications, such as delivering cognitive
behavior therapy for depression and anxiety [2], improving diet
and physical activity [3], and conducting remote patient
monitoring [4]. Despite the exciting potential for using virtual
assistants for health purposes, the use of virtual assistants in
health could be ineffective or even have unintended negative
consequences if the technology does not meet the user’s needs
and preferences.

The user experience of a virtual health assistant can be defined
as the user’s perceptions and responses (eg, emotions, beliefs,
preferences, and behaviors) that result from its use or anticipated
use [5]. User experience is influenced by a range of factors,
including presentation, functionality, and interactive behavior
[5]. It is important to optimize the design of virtual assistants
to provide a positive user experience and promote engagement.
A growing body of evidence suggests that design characteristics
that influence the look and feel of the virtual assistant, such as
visual appearance, communication method, and language
features, are an important consideration for design, as such
design characteristics can significantly influence users’
psychological and emotional responses and engagement with
technology-based applications [6,7]. In addition, although some
design decisions may not affect the cost (eg, whether an avatar
should be male or female), other decisions may have a major
impact on the cost of designing a virtual health assistant (eg,
whether an avatar should be animated with facial expressions).
Understanding how such design characteristics influence user
experience will assist in using finite health software
development budgets most effectively.

Previous literature has proposed general guidelines for designing
voice user interfaces [8] and accessible conversational user
interfaces for different disability groups [9], as well as virtual
assistants for specific purposes such as teaching [10] and
in-vehicle assistance [11]. Optimal design techniques are likely
to depend on the purpose of the virtual assistant [12,13];

therefore, recommendations specifically in the context of health
are needed. Although research has examined methods of
assessing the usability of virtual assistants in the health domain
[14], clear guidelines on maximizing the user experience of
virtual health assistants are lacking.

An important first step toward constructing guidelines for the
development of virtual health assistants was achieved by the
literature review conducted by ter Stal et al [15] in 2018, which
aimed to identify the researched design characteristics for
embodied conversational agents (virtual assistants that have an
animated avatar) in health. The review provided a
comprehensive overview of the existing literature, with results
suggesting that speech and/or textual output and facial and gaze
expressions were the most commonly researched design
characteristics. The secondary aims of ter Stal et al [15] were
to identify the outcome variables used in the research and the
effects of the design characteristics. The authors concluded that,
based on the immature body of evidence at the time, there was
no consensus on the optimal design characteristics for embodied
conversational agents in health. Results highlighted key avenues
for future research, including the fact that more research is
needed on all design characteristics to advance the field.
Notably, the review by ter Stal et al [15] included studies using
any research design and studies where participants viewed
stimuli but did not necessarily interact with a virtual assistant.

Objectives
The evidence base for the use of interactive virtual health
assistants is rapidly growing in both size and quality. In
particular, experimental research designs with interactive virtual
assistants are being reported increasingly, which should provide
clearer evidence of the influence of design characteristics on
user experience. A scoping review methodology offers an
explicit, systematic means to overview this large and diverse
body of literature using rigorous methods to minimize bias [16].
In this study, we seek to undertake the first scoping review of
design characteristics of virtual health assistants, with a view
to bring together the strongest evidence available regarding the
effects of design characteristics on the user experience of
interactive virtual health assistants. In particular, the aims of
our scoping review are as follows:

1. Provide an overview of all the experimental research
examining how design characteristics of virtual health
assistants affect user experience

2. Summarize research findings of experimental research
examining how design characteristics of virtual health
assistants affect user experience

3. Identify whether research supports making
recommendations for the design of virtual health assistants

Bringing together the available evidence on how design
characteristics affect the user experience of virtual health
assistants will assist researchers and software developers in
making decisions about the look and feel of their software and
developing the most user-friendly and effective virtual health
assistants.
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Methods

This review is reported according to the PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Extension for Scoping Reviews) checklist [17].

Eligibility Criteria
Eligibility criteria were designed using the population,
intervention, comparator, and outcome framework (population:
adults; intervention: virtual health assistant; comparator: design
characteristics; and outcome: user experience) [18]. Original
research articles in peer-reviewed journals and full-length
conference papers were included.

Population
Studies with adult samples (aged ≥18 years) were included.

Intervention
Studies examining virtual health assistants were included. For
this review, we considered virtual health assistants to be any
virtual assistant aimed at the health consumer (general
population or patient) relating to the prevention, management,
or treatment of any physical or mental health condition, as well
as clinical research. Virtual health assistants were included if
they functioned on any electronic device (eg, smartphone,
computer, and headset). Wizard of Oz virtual assistants (where
the user believes they are interacting with a computer-automated
virtual assistant, but the virtual assistant is operated by a human
[19]) were included.

Comparator
Studies comparing design characteristics between ≥2 versions
of a virtual health assistant were included. For this review, we
defined design characteristics as characteristics of the virtual
assistant that influence its look and feel without affecting its
core content, purpose, or function. Examples of design
characteristics include visual cues such as whether the virtual
health assistant has an avatar (ie, an image that represents the
virtual assistant), language style, and interaction modality (ie,
text or speech). Between- and within-subject experimental
designs were included.

Outcome
Studies evaluating user experience outcomes were included.
For this review, we defined user experience to include
self-reported evaluations of the virtual assistant or the user’s
interaction with the virtual assistant that indicated a more
positive or negative experience (eg, trustworthiness, likeability,
enjoyment, and ease of use), affect, intentions to continue using
the virtual assistant, and objective measures of user engagement
(eg, frequency, duration, or nature of the interaction with the
virtual health assistant). Only quantitative data were included.

Exclusion Criteria
Dissertations, review articles, conference abstracts, and studies
with children were excluded. Virtual assistants used for training
or educating medical professionals, as well as robots with a
physical body, were excluded. Studies were excluded if
participants did not interact with the virtual health assistant;
that is, they did not provide any input into the system. Studies
were also excluded if the virtual health assistant was not the
main component of the health program. Studies were excluded
if they evaluated only 1 version of a virtual assistant (ie,
nonexperimental research design with no comparator) or if they
compared a virtual assistant to a human. Dependent variables
that were not associated with a more positive or negative user
experience—for example, those used as manipulation checks
(eg, where participants were asked to confirm whether a
realistic-looking assistant was indeed more realistic looking
than a cartoon-style assistant)—were excluded.

Information Sources and Search Strategy
A cross-disciplinary search of the literature was conducted on
June 4, 2020, and included 5 electronic databases across the
fields of health and information technology: Web of Science,
MEDLINE, Embase, PsycINFO, and ACM Digital Library.
Search terms for virtual assistant AND design characteristics
were included in the search strategy (Table 1). Eligibility
specifying the virtual assistant related to health, user experience
outcomes, and experimental study design was assessed at
screening. Searches were limited to the English language with
no limit on publication date. Reference lists of the included
studies and other key papers in the field were searched to
identify further studies (pearling).

Table 1. Search terms.

Search termsSearch category

“conversational agent*” OR “conversational system*” OR “dialog system*” OR “dialogue system*” OR “assistance
technolog*” OR “relational agent*” OR “virtual agent*” OR “virtual assistant*” OR “embodied agent*” OR chatbot*

Virtual assistant

anthropomorphi* OR humanness OR personality OR emotion* OR empathy OR sympathy OR humour OR humor OR
language OR linguistic* OR communication OR “conversational tone” OR voice OR speech OR avatar OR “profile picture”
OR face OR facial OR graphic* OR appearance OR “visual design” OR animation OR interface OR button* OR menu*
OR emoji* OR emoticon* OR “human factors”

Design characteristics

Evidence Selection and Data Charting
Search results from each database were imported into EndNote
(Clarivate) [20], in which duplicates were removed. Studies
were screened based on title and abstract. Studies that met the
eligibility criteria progressed to full-text screening. The full
texts of the studies were then screened to determine final

eligibility. Articles were screened by 1 of 2 raters. Raters
screened a randomly generated selection of 20 articles in
duplicate, and the agreement was 100%. A custom form was
developed and used for data charting (Multimedia Appendix
1). Extracted data included population, sample size, age, gender,
study country, cultural background, health domain, purpose of
the virtual assistant, name of the virtual assistant, Wizard of Oz
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design, device used, animated character, output modality, input
modality, whether the interaction was scripted (whether
participants were told what to say), duration of interaction,
experimental design, and study results. If articles included
multiple studies, data extraction was completed only for studies
meeting the eligibility criteria. Where multiple eligible studies
were included in an article, data were extracted separately.
Where relevant outcomes were measured but not compared
statistically between experimental conditions, authors were
contacted to provide additional information.

Data Synthesis
Study characteristics were compiled for all the studies included
in the review. Where a study was reported in multiple articles,
articles were compiled as 1 study with a primary reference
indicated, as well as an indication of additional references. To
facilitate data synthesis across diverse research designs,
overarching categories were constructed to describe the health
domains, design characteristics, and outcomes. Retrospective
thematic analysis was used to identify similar health domains,
design characteristics, and outcomes to construct the relevant
categories. After data extraction was completed, lists of all
reported health domains, design characteristics, and outcomes
were compiled. After familiarization with the data, the first
author sorted them into similar categories using an inductive
approach (ie, directed by the data with no preconceived
categories). These categories were reviewed with the senior
author, refined, and named.

Data were synthesized descriptively. Descriptive statistics were
used to summarize the body of research. A matrix of the design
characteristics and outcome categories was constructed to
summarize the research findings. Results in the matrix were
based on statistical results reported in the articles. Where
interactions were examined (eg, in factorial designs or
examining interactions with participant characteristics), main
effects were included in the matrix. Studies could report results
for 1 or multiple outcomes within a particular outcome category.

Results were categorized as positive, negative, or no effect.
Where studies reported multiple results in a single outcome
category, they were categorized as positive if all multiple
outcomes showed positive effects, mixed positive if multiple
outcomes were reported with both positive and nonsignificant
effects, negative if all multiple outcomes showed negative
effects, mixed negative if multiple outcomes were reported with
both negative and nonsignificant effects, and no effect if
multiple outcomes showed no significant effects.

Authors from 2 studies provided additional data on measures
that were not compared between experimental groups.
Independent sample t tests (2-tailed) were conducted, and the
results were included in the matrix. In total, 4 studies did not
present a statistical analysis comparing relevant experimental
conditions; therefore, these studies are included only in the text
description.

Results

Overview
The search identified 6879 articles after duplicates were
removed. Of the 6879 articles, 6763 (98.31%) were deemed
ineligible based on title and abstract screening. We identified
30 additional records through reference lists. In total, 146 articles
(116/6879, 1.69% from the database search plus 30 from
reference lists) were screened at full text. Of the 146 articles,
98 (67.1%) were deemed ineligible; 81 (55.5%) did not examine
an interactive virtual health assistant, 8 (5.5%) did not compare
design features between ≥2 virtual health assistants, 4 (2.7%)
did not report user experience outcomes, 2 (1.4%) were not
adult samples, 1 (0.7%) did not report original research, 1 (0.7%)
was not a journal of conference paper, and 1 (0.7%) did not
have the virtual health assistant as a main component of the
program. Of the 146 articles, a final 48 (32.9%) articles were
included in the scoping review (Figure 1). From the 48 articles,
45 unique studies were identified (5 studies were reported in
multiple articles, whereas 3 articles contained multiple studies).
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart. VHA: virtual health assistant.

Multimedia Appendix 2 [21-68] provides an overview of the
participant characteristics and study designs for all studies
included in the review. Table 2 summarizes the characteristics
of the body of research. The virtual assistants used in the
research were categorized into 8 health domains: physical
activity (aimed to increase exercise), nutrition (aimed to improve
diet), alcohol consumption (aimed to reduce alcohol
consumption), mental health (eg, aimed to improve mood),
medical information or treatment (eg, discussed colorectal
cancer screening), sexual health (eg, provided advice about
sexually transmitted infections), multiple health behaviors (eg,
aimed to improve both exercise and diet), and other (eg, aimed
to prevent carpal tunnel). A total of 27 design characteristics
were examined in the literature. These were categorized into 5
categories: visual design (eg, realism, age, and body shape of
an animated avatar), interface design (eg, input modality),
conversational style and relational behavior (eg, empathy and
relational behavior and personality), combined visual and
conversational design (eg, variability in language and
background scene assessed simultaneously), and cultural and
organizational affiliation (eg, culturally tailored argumentation
and appearance; see Table 3 for the full list of design
characteristics). We identified 140 outcome variables, which
were categorized into nine categories: virtual assistant
personality traits (eg, credible and intelligent), relationship (eg,
intimacy and relationship closeness), ease of use (eg, cognitive
load and ease of use), satisfaction (eg, enjoyment, satisfaction,
and usefulness), emotion (eg, positive and negative affect), use
intention (eg, intention to keep using the virtual assistant),
engagement (eg, interaction duration), and disclosure (eg,

self-disclosure detail and intimacy; see Multimedia Appendix
3 for a full list of outcomes by category). Outcome assessment
most frequently used Likert scales, with server logs and
conversation transcripts used to assess engagement and
disclosure.

Most studies were conducted in the United States, with a greater
number of studies conducted during more recent years (ie,
between 2017 and 2020). Several authors led multiple studies
(ie, Bickmore [25-27,29,31], Creed [34,35], Olaffsson, [53,54],
Ring [56-58], and Zhou [67,68]). Most studies examined
conversational style and relational behavior or visual design
and assessed outcomes in the categories of personality,
satisfaction, relationship, and use intention. Virtual assistants
most frequently related to mental health and physical activity.
Those addressing multiple health behaviors frequently examined
physical health and nutrition together. Most virtual assistants
had an animated avatar and used speech output and
multiple-choice input. Most virtual assistants were automated
(did not use a WizardofOz design), and participant input was
not scripted. Studies were most frequently conducted with
between 21 and 100 participants in a single session using a
between-subjects design, where participants were allocated to
evaluate 1 version of the virtual assistant. Participants were
most frequently from the general population, with a larger
proportion of females than males. Studies were most often
published in conference proceedings in fields related to
interdisciplinary research on intelligent virtual agents and
human–computer interactions, with fewer published in
health-related fields.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e31737 | p.132https://www.jmir.org/2021/12/e31737
(page number not for citation purposes)

Curtis et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Summary of study characteristics (N=45).

Value, n (%)Study Characteristics

Year

18 (40)2017-2020

11 (24)2013-2016

10 (22)2009-2012

6 (13)2005-2008

Country

25 (56)United States

4 (9)United Kingdom

7 (16)Other

9 (20)Not available

Sample size

6 (13)1-20

16 (36)21-50

14 (31)51-100

5 (11)101-200

4 (9)201-500

Duration

37 (82)Single session

8 (18)Multiple sessions

Health domain

11 (24)Mental health

10 (22)Physical activity

7 (16)Multiple health behaviors

6 (13)Medical information or treatment

4 (9)Nutrition

2 (4)Sexual health

1 (2)Alcohol consumption

4 (9)Other

Design categorya

22 (49)Conversational style and relational behavior

12 (27)Visual design

6 (13)Interface design

5 (11)Cultural and organizational affiliation

2 (4)Combined visual and conversational design

Outcome category

30 (67)Personality

20 (44)Satisfaction

19 (42)Relationship

17 (38)Use intention

11 (24)Engagement

8 (18)Ease of use

7 (16)Emotion
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Value, n (%)Study Characteristics

5 (11)Disclosure

Virtual assistant characteristics

Animated avatar

31 (69)Yesb

14 (31)No

Output

33 (73)Speechc

11 (24)Text

1 (2)Not available

Input

26 (58)Multiple choice

11 (24)Speechc

7 (16)Text

1 (2)Not available

Wizard of Oz

37 (82)No

8 (18)Yes

Scripted

41 (91)No

4 (9)Yes

aN sums to >45 studies and 100% because 2 studies examined design characteristics in multiple categories.
bIncludes studies where at least one experimental condition used an animated avatar.
cIncludes studies where at least one experimental condition used speech.
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Table 3. Summary of research findings (N=41).

Outcomes (effect)Values,
n (%)

Design character-
istics

DisclosureEngagementUse intentionEmotionSatisfactionEase of useRelationshipPersonality

Visual design

——bNo significant

effect [48]a
No signifi-
cant effect

[48]a,[51]

No signifi-
cant effect

[48]a,[51,62]

No signifi-
cant effect

[48]a

Mixed nega-
tive

[48]a,[62]

3 (7)Animated
avatar (vs no
visual repre-
sentation)

• Mixed
nega-
tive

[48]a,[62]
• No sig-

nificant
effect
[51]

———No signifi-
cant effect
[64]

No signifi-
cant effect
[62]

4 (10)Realistic (vs
cartoon)

••• Positive
[64]

Mixed
positive
[64]

Posi-
tive
[64] • No signif-

icant ef-• No sig-
nificant

• Mixed
nega- fect [57]c

effecttive (2 stud-
[62][57] ies)

• No sig-
nificant
effect
[57,62]

————Mixed nega-
tive [62]

—Mixed nega-
tive [62]

Mixed nega-
tive [62]

1 (2)Human (vs
robot)

——No significant
effect [64]

—Mixed posi-
tive [64]

No signifi-
cant effect
[64]

—No signifi-
cant effect
[64]

1 (2)Younger (vs
older)

——No significant
effect [63]

———No signifi-
cant effect
[63]

Positive [63]1 (2)Fat (vs slim)

——No significant
effect [64]

—Mixed nega-
tive [64]

No signifi-
cant effect
[64]

—Mixed nega-
tive [64]

1 (2)Familiar (vs
unfamiliar)

——Positive [55]———Positive [55]Positive [55]1 (2)Medical pro-
fessional at-
tire (vs casu-
al)

——No significant
effect [55]

———No signifi-
cant effect
[55]

Mixed posi-
tive [55]

1 (2)Medical of-
fice (vs emp-
ty room)

—No signifi-
cant effect

—————3 (7)Variability
in camera

• Mixed
positive

[58]c (3 stud-
ies)

[58]angle (vs no
variability) • No sig-

nificant
effect

[58]c (2
studies)

Interface design

—Positive [52]———Mixed nega-
tive [32]

No signifi-
cant effect
[33]

No signifi-
cant effect
[33]

3 (7)Speech input
(vs text or
multiple
choice)

—No signifi-
cant effect
[56]

—Positive
[56]

——Positive [56]—1 (2)Motion initi-
ated (vs user
initiated)
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Outcomes (effect)Values,
n (%)

Design character-
istics

DisclosureEngagementUse intentionEmotionSatisfactionEase of useRelationshipPersonality

——Positive [25]————Positive [25]1 (2)Polite notifi-
cation ring-
tone (vs im-
polite)

Conversational style and relational behavior

Positive [31]No signifi-
cant effect
[40]

• Positive
[31,48]

• No signif-
icant ef-
fect [27]

• Mixed
posi-
tive
[27,39]

• No
signifi-
cant
effect
[48,51]

• Posi-
tive
[48]

• Mixed
positive
[27,31,51]

• No sig-
nificant
effect
[49]

No signifi-
cant effect
[48]

• Mixed
positive
[48]

• No sig-
nificant
effect
[27,49]

• Posi-
tive
[48,51]

• Mixed
positive
[31]

• No sig-
nificant
effect

[40]d,[49]

7 (17)Empathy and
relational be-
havior (vs
none)

———No signifi-
cant effect
[34]

No signifi-
cant effect
[43]

—No signifi-
cant effect
[34,35,43]

Positive
[34,43]

3 (7)Emotional
expression
(vs none)

• Mixed
positive

[47]e

• Posi-
tive
[44]

Positive
[29,47]

——• Posi-
tive
[47]

• Mixed
positive
[29]

—Positive
[44,47]

• Posi-
tive

[47]e

• No sig-
nificant
effect
[29]

3 (7)Self-disclo-
sure (vs
none)

—No signifi-
cant effect
[36]

No significant
effect [36,60]

No signifi-
cant effect
[36]

No signifi-
cant effect
[36]

• Posi-
tive
[61]

• No sig-
nificant
effect
[36]

• Mixed
positive
[60]

• No sig-
nificant
effect
[36]

• Posi-
tive
[61]

• No sig-
nificant
effect
[36]

3 (7)Personality

(various)f

—No signifi-
cant effect
[23,36]

No significant
effect [23,36]

No signifi-
cant effect
[36]

No signifi-
cant effect
[23,36]

No signifi-
cant effect
[36]

Mixed posi-
tive [36]

• Mixed
positive
[36]

• No sig-
nificant
effect
[23]

2 (5)Conversa-
tion memory
(vs none)

—No signifi-
cant effect
[36]

No significant
effect [36]

No signifi-
cant effect
[36]

Mixed posi-
tive [36]

No signifi-
cant effect
[36]

No signifi-
cant effect
[36]

Mixed posi-
tive [36]

1 (2)Humor (vs
none)

—No signifi-
cant effect
[37]

——No signifi-
cant effect
[37]

——No signifi-
cant effect
[37]

1 (2)Emojis (vs
none)

——No significant
effect [53]

—No signifi-
cant effect
[53]

—Mixed posi-
tive [53]

Mixed nega-
tive [53]

1 (2)Rap (vs
none)

————Mixed posi-
tive [26]

No signifi-
cant effect
[26]

——1 (2)Participant
control of fa-
cial and vo-
cal expres-
sion (vs
none)
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Outcomes (effect)Values,
n (%)

Design character-
istics

DisclosureEngagementUse intentionEmotionSatisfactionEase of useRelationshipPersonality

——No significant
effect [54]

—Mixed nega-
tive [54]

—No signifi-
cant effect
[54]

No signifi-
cant effect
[54]

1 (2)Constrained
to positive
user re-
sponse op-
tions (vs
negative re-
sponses al-
lowed)

Combined visual and conversational design

Mixed nega-
tive [59]

———————1 (2)Personifica-
tion (name,
static avatar,
and conversa-
tional lan-
guage vs
none)

—Positive [29]Positive [29]————Positive [29]1 (2)Variability
in dialog
structure,
language,
and scene
(vs no vari-
ability)

Cultural and organizational affiliation

————Positive [50]——No signifi-
cant effect
[65]

2 (5)Culturally
tailored argu-
mentation
(vs not)

——No significant
effect [67]

—No signifi-
cant effect
[50,67]

No signifi-
cant effect
[67]

Negative
[67]

No signifi-
cant effect
[65,67]

3 (7)Culturally
tailored ap-
pearance (vs
not)

——No significant
effect [68]

—No signifi-
cant effect
[68]

No signifi-
cant effect
[68]

No signifi-
cant effect
[68]

No signifi-
cant effect
[68]

1 (2)Culturally
tailored argu-
mentation
and scene
combined
(vs not)

——Positive [66]—Mixed posi-
tive [66]

——Mixed posi-
tive [66]

1 (2)Patient assis-
tant (vs re-
searcher or
government
employee)

aResults indicated for nonempathetic avatar only (empathetic avatar had additional dialog to the no avatar condition).
bNo study examined the combination of design characteristic and outcome.
cMultiple studies were reported in the article with similar results.
dSimilar results were additionally reported at a different time point in the study [39].
eSimilar results were additionally reported at a different time point in the study [46].
fIndicates any effects of personality (no consistent comparator).

Table 3 summarizes research findings grouped according to the
design characteristic examined and the categories of outcomes
measured. Where identical outcomes of a study were reported
in multiple articles, the primary reference listed in Multimedia
Appendix 2 was used. Additional references were used for
outcomes that were not reported in the primary study. In total,
4 studies did not present a statistical analysis comparing the

relevant experimental conditions; therefore, these studies are
not included in Table 3.

The following paragraphs highlight key results from the studies
presented in Table 3 and include a narrative synthesis of studies
that were not presented in Table 3.
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Visual Design
Approximately 7% (3/41) of studies examined whether user
experience differed using a virtual assistant with an animated
avatar compared with using a text- or speech-only virtual
assistant with no visual representation [48,51,62]. Findings were
generally nonsignificant [48,51,62], with some mixed negative
effects of using an animated avatar [48,62]. An additional study
not included in Table 3 concluded that virtual assistants with
an animated avatar were preferred over voice-only assistants;
however, the analyses included both real and virtual assistants
[45].

Approximately 22% (9/41) of studies examined the appearance
of the animated avatar, and 10% (4/41) of studies examined
whether user experience differed using a virtual assistant with
a more realistic human avatar compared with a more cartoon
human avatar [57,62,64]. Although some positive and mixed
positive effects of using a more realistic avatar were found [64],
more effects were nonsignificant [57,62,64], and 1 was negative
[57]. The species of the avatar was examined by 2% (1/41) of
studies, which found mixed negative effects of using a human
avatar compared with using a robot avatar [62]. Age was
examined by 2% (1/41) of studies, which found mixed positive
effects of using an avatar with a younger appearance compared
with using one with an older appearance on satisfaction but no
significant effects on other outcomes [64]. Body shape was
examined by 2% (1/41) of studies, which found a positive effect
of a fat avatar compared with a slim avatar on personality traits
but nonsignificant effects on other outcomes [63]. The
familiarity of the avatar was examined by 2% (1/41) of studies,
which found mixed negative and nonsignificant effects of using
an avatar that looked like a health coach that participants met
at the beginning of the session compared with using an
unfamiliar avatar [64]. The avatar’s attire was examined by 2%
(1/41) of studies, which found consistently positive effects of
medical professional attire compared with casual attire [55].

The background scene behind the avatar was examined by 2%
(1/41) of studies, which found mixed positive effects of
representing a medical office compared with representing an
empty room on personality but no significant effects on other
measured outcomes [55]. Approximately 7% (3/41) of studies
(all reported in 1 paper) examined whether variability in the
camera position, distance, and focus was associated with user
experience and found mostly nonsignificant effects [58].

Interface Design
Approximately 7% (3/41) of studies examined the effects of
input modality—whether the user communicates using speech,
text, or multiple choice—on user experience and found a
combination of positive, mixed negative, and nonsignificant
effects of speech input compared with other modalities
[32,33,52]. A menu-based virtual assistant was examined by 1
further study not included in Table 3, and it concluded that there
were no differences in usability between speech and phone key
press user input [42].

How the conversation between the virtual assistant and user
was initiated was examined by 2% (1/41) of studies, which
found positive and nonsignificant effects of automated motion

initiation compared with user initiation [56]. The type of
ringtone used to initiate a conversation with the user was
examined by 2% (1/41) of studies, which found positive effects
of more polite tones compared with less polite tones [25].

Conversational Style and Relational Behavior
Approximately 17% (7/41) of studies examined empathy and
relational behavior—empathetic verbal feedback and nonverbal
behavior such as facial expressions and gestures
[27,31,39,40,48,49,51]. Although some effects were
nonsignificant [27,40,48,49,51], more effects were positive or
mixed positive, with 71% (5/7) of studies showing at least some
positive effect [27,31,39,48,51]. Approximately 7% (3/41) of
studies examined emotional expression—the use of facial
expression and voice to express emotion—and found some
mixed positive effects [34,43] but more nonsignificant effects
[34,35,43]. Approximately 7% (3/41) of studies examined
self-disclosure—whether the virtual assistant tells the user
information about themselves—and found mostly positive
effects [29,44,47]. Approximately 7% (3/41) of studies
examined personality [36,60,61]. Although some positive and
mixed positive effects were found [60,61], most effects were
nonsignificant [36,60].

Approximately 5% (2/41) of studies examined conversation
memory—whether the virtual assistant remembered information
from earlier conversation—and found some mixed positive
effects [36] but mostly nonsignificant effects [23,36]. An
additional study not included in Table 3 compared users’ first
interactions when the virtual assistant did not recall their
previous session and when the virtual assistant did recall their
previous session [38]. The authors concluded that users were
more positive when the virtual assistant recalled their session;
however, the conversations were less personal.

Humor was examined by 2% (1/41) of studies, which found
mostly nonsignificant effects of including humor compared
with not including humor [36]. Using emojis was examined by
2% (1/41) of studies, which found no significant effects of using
emojis compared with not using emojis [37]. Rap was examined
by 2% (1/41) of studies, which found a combination of mixed
positive, mixed negative, and nonsignificant effects of including
rap compared with not including rap [53]. Allowing participants
to control the virtual assistant’s facial and vocal expression was
examined by 2% (1/41) of studies, which found nonsignificant
and mixed positive effects compared with not allowing such
control [26]. Approximately 2% (1/41) of studies examined
constraining users to respond only positively to questions about
their confidence and motivation compared with also presenting
negative multiple-choice response options [54]. It found a
combination of mixed negative and neutral effects of
constraining users to positive responses. A further study not
included in Table 3 examined whether user evaluations were
more positive for a virtual assistant that changed behavior based
on the user’s eye contact compared with a virtual assistant that
always appeared attentive or always bored or that changed
behavior randomly [41]. The authors concluded that changing
based on the user’s eye contact seemed more normal than
changing behavior randomly but did not confirm the hypothesis
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that changing behavior is more normal than unchanging
behavior.

Combined Visual and Conversational Design
Personification—the use of a name, static avatar, and
conversational language—was examined by 2% (1/41) of
studies, which found negative effects of personification on users’
disclosure [59]. Variability in dialog structure (the order of the
conversation and the utterances used) and background scene
was examined by 2% (1/41) of studies, which found consistently
positive effects of variability compared with no variability [29].

Organizational and Cultural Affiliation
Approximately 10% (4/41) of studies examined cultural
tailoring—matching the culture of the virtual assistant to that
of the user [50,65,67,68]. Approximately 5% (2/41) of studies
examined cultural tailoring of the virtual assistant’s
argumentation (eg, discussed culturally relevant topics) [50,65],
and 50% (1/2) of those found a positive effect [50].
Approximately 7% (3/41) of studies examined cultural tailoring
of the virtual assistant’s appearance and the household setting
and found predominantly nonsignificant effects [50,65,67].
Culturally tailored background scene and argumentation
combined were examined by 2% (1/41) of studies, which found
no significant effects [68]. The organizational affiliation of the
virtual assistant—who the virtual assistant claimed to be and
the context provided in the background scene—was examined
by 2% (1/41) of studies, which found positive effects of the
virtual assistant being a patient assistant compared with the
virtual assistant being either a member of the medical team
conducting the research or a government employee [66].

Discussion

Principal Findings
This study aimed to provide an overview of experimental
research examining how design characteristics of virtual health
assistants affect user experience. This is a growing area of
scientific endeavor with studies, taken together, examining
highly diverse health domains, design characteristics, and
outcomes. The most common health domains were physical
activity and mental health, with relatively few virtual assistants
related to specific health conditions. Approximately half of the
studies were categorized as examining the design of
conversational style and relational behavior, with the most
common design characteristic researched being empathy and
relational behavior. The most commonly measured outcomes
were in the categories of personality traits, satisfaction,
relationship, and use intention.

This study also aimed to summarize the research findings of
experimental research examining how design characteristics of
virtual health assistants affect user experience. Generally,
research has been piecemeal, with few design characteristics
having a sufficient body of evidence to draw conclusions about
their effects on user experience. The 2 design characteristics
that defy this are virtual assistants’ empathy and relational
behavior and self-disclosure, which have been the focus of a
good number of studies. Research suggests that all 3 (ie,
empathy, relational behavior, and self-disclosure) are related to

more positive user experience. Other design characteristics with
emerging levels of evidence are having a more realistic human
representation for an avatar and having medical attire for the
avatar, both of which may potentially be related to more positive
user experience. Finally, evidence to date suggests that using
an animated avatar (compared with no avatar) and cultural
tailoring may not affect user experience; however, more research
is needed to explore these findings.

One of the clearest findings of this study was that the use of
empathy and relational behavior in virtual health assistants
appears to have positive effects on user experience. Empathy
may help to build trust and rapport with the virtual assistant.
The finding that empathy was associated with user satisfaction
is in line with research indicating a positive association between
empathy in real health care providers and patient satisfaction
[69,70]. Results were not consistently positive; however, this
may be related to differences between the virtual assistants. For
example, for the outcome category personality traits, of the 5
studies examining empathy and relational behavior, 3 (60%)
studies showing positive effects used animated avatars, including
nonverbal relational behaviors [31,48,51]. In contrast, 40% (2/5)
of studies showing no effects were text-only assistants [40,49].
It may be that users do not expect text-only assistants to show
empathy; therefore, the presence or absence of empathy has no
impact on the ratings of the virtual assistant. Alternatively, the
effects of empathy may be diminished when nonverbal relational
behaviors such as expression and gestures are not present.

Research suggests that virtual health assistants that use
self-disclosure (ie, provide information about themselves) elicit
a more positive user experience. Results were similar whether
the autobiographical information was framed as being about
the virtual assistant’s experience as a computer agent [44] or
included human experiences that could not actually be true
[29,47]. Self-disclosure is important for the formation of
relationships [71], although research suggests that self-disclosure
by a real counselor can have either positive or detrimental effects
on a client’s perceptions of the counselor [72]. The finding that
users respond positively to the autobiographical stories of a
virtual health assistant supports the computers are social actors
paradigm, where users display social responses to computers,
although they know they are not human [73,74].

Research examining the realism of the animated avatar showed
some positive effects; however, more were nonsignificant. The
uncanny valley theory suggests that robots that appear almost
but not quite human may elicit a negative emotional response
and be less likable than those that are clearly nonhuman [75].
However, in this review, the study that used a photo-realistic
representation in the realistic experimental condition [64]
showed positive effects. More research is needed to examine
how the realism of the avatar affects the user experience of
virtual health assistants.

Results from 1 study suggest that dressing the avatar in medical
attire results in a more positive user experience [55]. Although
more research is needed to confirm this finding, this was a large
study (n=308) with consistent results across all outcomes
measures. Interestingly, the background setting for the avatar
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(medical office or empty room) had a mixed positive effect on
only 1 out of 3 outcomes categories [55].

Research suggests that including an animated avatar has no
effect or, in some cases, a negative effect on user experience.
However, upon closer inspection, this may be because of the
nature of the avatars used in the research and may also be
affected by interactions between the animation and other virtual
assistant characteristics. For example, Lisetti et al [48] showed
that an animated avatar with a neutral facial expression and no
empathetic dialog led to poorer user experience than a text-only
virtual assistant, whereas an expressive and empathetic virtual
assistant led to a better user experience than the text-only virtual
assistant. Nguyen and Masthoff [51] reported similar findings;
a nonempathetic animated virtual assistant and a nonempathetic
text-only virtual assistant led to a similar user experience;
however, an empathetic animated virtual assistant led to better
user experience than an empathetic text-only virtual assistant.
Taken together, it appears that users may expect a virtual
assistant with a human-like representation to have empathy and
human-like relational behaviors and have a poorer user
experience when this expectation is not met.

Overall, the research did not show cultural tailoring to improve
the user experience of virtual health assistants. Notably, although
75% (3/4) of studies included participants who were born
overseas (in China [68], India [50], or a Spanish-speaking
Latin-American country [65]), participants in all the studies
lived in the United States. This may suggest that cultural
tailoring is not required for different cultures living in the United
States who have had exposure to Anglo-American culture,
although more research could confirm this finding. Additional
research is also needed to determine whether cultural tailoring
affects user experience in other cultural contexts.

Strengths and Limitations
This scoping review is the most rigorous attempt at synthesizing
the literature regarding the effects of design characteristics on
the user experience of virtual health assistants. It followed the
PRISMA-ScR guidelines for scoping reviews and searched a
large number of databases. It examined a broad range of design
characteristics using the highest level of evidence—experimental
research using only interactive virtual health assistants where
participants were able to input into the system. However, we
acknowledge that the use of specific search terms to capture
virtual assistants and design characteristics could have omitted
some results. It is also possible that other literary sources may
have been available in other databases. In addition, qualitative
data were excluded. This enabled a structured approach to
synthesizing the data based on statistical significance but may
have omitted some important views on user experience.

Although the breadth of the review is a major strength, the
heterogeneity of the included studies makes it difficult to
synthesize and interpret the results. There was considerable
heterogeneity in the purpose of the virtual assistants studied.
Optimal design techniques may differ among different health
domains. For example, although no overall effect of using emojis
was found, the difference in ratings of confidence between using
text-only and text with emojis depended on whether the virtual
assistant was discussing physical or mental well-being [37]. In

addition, some health conditions were not represented in the
studies, for example, neurocognitive impairments such as
dementia. There was also significant heterogeneity in the
outcomes measured. The most commonly measured outcomes
were in the categories of personality, satisfaction, relationship,
and use intention. Few studies examined the ease of use,
engagement, or disclosure. Although interface design may play
a key role in determining the ease of use, other design
characteristics such as the visual appearance of an avatar may
not be expected to affect the ease of use. More research
examining how users interact with the virtual assistant
(engagement and disclosure), particularly using objective
measures, may complement subjective ratings of the virtual
assistant and interaction.

An additional limitation of the literature is that some studies
combined a set of similar characteristics into 1 condition,
making it difficult to ascertain which characteristic might be
responsible for the effects on user experience. For example,
research on empathy and relational behavior frequently included
verbal empathy with nonverbal relational behaviors. In addition,
in most studies, participants evaluated the virtual assistant after
interacting during a single session. Programs that aim to promote
health behavior change or provide support for a health condition
are often designed for ongoing use. Additional research should
examine how design characteristics affect user experience over
time. Most virtual assistants had animated avatars and speech
output; however, over half constrained user input to selecting
from predefined response options. Constraining user input
requires simpler programming and removes the risk of errors
occurring when the virtual assistant misinterprets the user’s
input or cannot formulate a response to a query that is outside
the bounds of its programmed knowledge [76]. Natural language
processing enables users to communicate using unconstrained
text or speech and enables more natural user-directed
communication. Virtual assistants using natural language
processing have been commonly used in health care [77] and,
with rapid advancements in artificial intelligence, are likely to
become increasingly sophisticated. More research should
examine the design and user experience of these types of virtual
health assistants.

Recommendations
Research demonstrates that design characteristics affect the user
experience of virtual health assistants; therefore, researchers
and software developers should carefully consider the look and
feel of a virtual health assistant during development and testing.
On the basis of the results of this scoping review, the following
recommendations for designing virtual health assistants and
advancing the field of research may be useful for health
researchers and software developers:

1. Design virtual health assistants to express verbal empathy,
for example, understanding of the user’s feelings

2. Design virtual health assistants to disclose personal
information about themselves to the user, for example,
information about their past and personal preferences

3. Consider designing a human avatar to be more realistic with
medical professional attire
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4. If designing an animated virtual health assistant, it should
display nonverbal relational behaviors, for example,
emotional facial expressions, gestures, and mutual gaze

5. If empathy and relational behaviors are unable to be
incorporated, consider that an animated avatar may not be
beneficial or cost-effective

6. Engage in formative research with the target audience and
adopt a user-centered design approach to ensure that the
software meets the needs and preferences of the user

7. Conduct further systematic research to replicate and extend
previous findings, particularly with longitudinal research
designs with repeated user interactions, objective
engagement outcomes, and virtual assistants with natural
language processing capabilities

Conclusions
Virtual health assistants can provide health information and
support on demand and may be applied in the future to a wide
variety of purposes such as providing public health information,

health education, supporting patients with chronic health
conditions, and assisting with healthy lifestyle behavior change.
This scoping review examined experimental research assessing
how design characteristics of virtual health assistants affect user
experience. This is a rapidly growing field of research but is
difficult to synthesize and interpret because of the heterogeneity
of studies. Nonetheless, certain design characteristics have
emerged as important for improving user experience.
Preliminary recommendations suggest that programming virtual
health assistants to show empathy, display nonverbal relational
behaviors, and disclose personal information about themselves
may result in a more positive user experience. The decision to
include an animated avatar should consider whether the avatar
can display empathy and nonverbal relational behaviors. Future
research is required to improve our understanding of the
relationship between design characteristics and user experience
of virtual health assistants, particularly with longitudinal
research designs with repeated user interactions.
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Abstract

Background: Parental health literacy is associated with child health outcomes. Parents are increasingly turning to the internet
to obtain health information. In response, health care providers are using digital interventions to communicate information to
assist parents in managing their child’s health conditions. Despite the emergence of interventions to improve parental health
literacy, to date, no systematic evaluation of the effectiveness of the interventions has been undertaken.

Objective: The aim of this review is to examine the effect of digital health interventions on health literacy among parents of
children aged 0-12 years with a health condition. This includes evaluating parents’ engagement (use and satisfaction) with digital
health interventions, the effect of these interventions on parental health knowledge and health behavior, and the subsequent impact
on child health outcomes.

Methods: This systematic review was registered a priori on PROSPERO (International Prospective Register of Systematic
Reviews) and developed according to the Joanna Briggs Institute methodology for systematic reviews. The databases CINAHL,
MEDLINE, and PsycINFO were searched for relevant literature published between January 2010 and April 2021. Studies were
included if they were written in English. A total of 2 authors independently assessed the search results and performed a critical
appraisal of the studies.

Results: Following the review of 1351 abstracts, 31 (2.29%) studies were selected for full-text review. Of the 31 studies, 6
(19%) studies met the inclusion criteria. Of the 6 studies, 1 (17%) was excluded following the critical appraisal, and the 5 (83%)
remaining studies were quantitative in design and included digital health interventions using web-based portals to improve parents’
health knowledge and health behavior. Owing to heterogeneity in the reported outcomes, meta-analysis was not possible, and the
findings were presented in narrative form. Of the 5 studies, satisfaction was measured in 3 (60%) studies, and all the studies
reported high satisfaction with the digital intervention. All the studies reported improvement in parental health literacy at
postintervention as either increase in disease-specific knowledge or changes in health behavior. Of the 5 studies, only 1 (20%)
study included child health outcomes, and this study reported significant improvements related to increased parental health
knowledge.

Conclusions: In response to a pandemic such as COVID-19, there is an increased need for evidence-based digital health
interventions for families of children living with health conditions. This review has shown the potential of digital health interventions
to improve health knowledge and behavior among parents of young children with a health condition. However, few digital health
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interventions have been developed and evaluated for this population. Future studies with robust research designs are needed and
should include the potential benefits of increased parent health literacy for the child.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42020192386;
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=192386

(J Med Internet Res 2021;23(12):e31665)   doi:10.2196/31665

KEYWORDS

child; child health services; digital technology; health literacy; infant; internet-based intervention; parents; patient compliance;
pediatric hospitals

Introduction

Background
Parents of young children are responsible for the health and
well-being of their children and are the advocates and primary
caregivers of their children [1]. Parents are expected to interact
with health services in the delivery of health care [2] and learn
about their child’s health condition and potential interventions
and procedures involved in treatment [3,4]. To interact
effectively with health services, parents of children with health
conditions need a level of health literacy. Health literacy
increases the parents’ capacity to take responsibility and be
involved in making decisions related to their child’s health [2].

Health literacy is commonly described as knowledge,
motivation, and competence to assess, understand, appraise,
and apply health information. Health literacy enables people to
make decisions on health care, disease prevention, and health
promotion throughout their life course [5]. A parent’s level of
health literacy influences 3 aspects of health behavior: access
and use of health services, patient-provider interactions, and
self-management [5].

Low parental health literacy has been linked to poor health
knowledge and child health status [6-9]. Limited health literacy
has been associated with various concerns, including delayed
diagnoses, misunderstanding of medication labels [10,11], poor
adherence to treatment regimens, and increased use of
emergency care [12]. Limited parental health literacy may also
result in poor child health outcomes, including depressive
symptoms, persistent asthma [8,13-16], and less than optimal
glycemic control in children with diabetes [17].

Parents’ need for health information can remain unmet [18].
Moreover, parents of children with health conditions are often
affected by stress [19] and poor sleep, which may hinder their
ability to receive and process new information and learn about
their child’s condition to provide them with optimal care [20,21].
Information about a child’s health condition needs to be
delivered at a time that is appropriate for the family and offered
as many times as needed, which can be challenging for both the
parents and the health service [22,23]. A way to enhance the
delivery of information is through digital technology (eg, mobile
phones and tablets), as this can be accessed at a time, place, and
pace that best suits the parent. Thus, digital health interventions
(eg, information videos, web-based platforms, and mobile apps)
can be used in the home settings where most care is provided
[3]. Internet and mobile phone use are high among parents
worldwide, with most parents using the internet and mobile

phones to access information multiple times a day [24,25].
Parents are heavy users of web-based child health-related
information [25]. Between 70% and 80% of parents have
searched on the web for health information, with most parents
seeking parenting advice, health information, or social support
[26].

Health care providers increasingly use digital technologies to
communicate information to address health needs and deliver
health care interventions [27]. Despite minimal evidence for
the effectiveness of digital health interventions, these have
significantly increased because of the restrictions related to
COVID-19 [28].

Considerable challenges exist related to how digital health
technologies can best be used and integrated to support and
facilitate user engagement and provide individualized health
information and care [29]. A level of engagement is required
to affect a change in health behaviors [30]. Engagement is
measured by the extent of use of the intervention (initial log-in
and number of activities completed) and the subjective user
experience, which is often measured by user satisfaction [31,32].

Objectives
Despite the growth in the use of the internet among parents to
obtain health information and the emergence of digital health
interventions to support parents, systematic evaluation of
parental engagement with and effectiveness of digital
interventions to improve health literacy has not been conducted.
The objective of this review is to examine the effect of digital
health interventions on health literacy among parents of children
aged 0-12 years with a health condition. In this study, health
literacy includes the evaluation of parental engagement (use
and satisfaction) with digital health interventions, the effect of
these interventions on parental health knowledge and health
behavior, and the subsequent impact on child health outcomes.

Methods

This review followed the Joanna Briggs Institute (JBI)
methodology for systematic reviews [33] and was conducted
according to the registered a priori PROSPERO (International
Prospective Register of Systematic Reviews) protocol
CRD42020192386. Qualitative and quantitative studies were
included as a broad search was required to address the complex
health system–related questions [34].
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Inclusion Criteria

Participants
This review considered studies that included parents or primary
caregivers of children aged 0-12 years with a health condition.
Health conditions could be an acute or a chronic disease,
diagnosis, or condition. Studies involving children aged ≥12
years were excluded, as children aged ≥12 years are more likely
and encouraged to take more responsibility for their health care.
Studies were also excluded if health-related information was
directed to the child, if the child was healthy, or if the primary
users of the digital health intervention were health professionals
such as medical staff, nursing staff, health care management,
and administrators or researchers. Studies focusing on health
promotion or disease prevention (eg, increased knowledge of
obesity, physical activity, and smoking) were excluded.

Intervention
This review considered studies that examined any digital health
intervention that aimed to improve health literacy among
parents. Interventions could focus on communication (eg,
web-based platforms, mobile apps, videoconferencing, and SMS
text messaging), education (eg, videos, web-based platforms,
mobile apps, and interactive training), or a combination of
communication and education interventions. Interventions that
targeted the child or clinician or were delivered directly (eg,
face to face by health care professionals) to the parent were
excluded.

Context
This review considered studies that examined the use of digital
health interventions in both the home and hospital setting.

Outcomes
This review considered studies that included an increase or
decrease in health literacy defined by health knowledge or health
behavior [5,30]. The review also considered the following
outcomes: changes in the child’s health outcome and
engagement with the digital health intervention, including (1)
use, that is, logging into the web-based platform, continued use
of the digital health intervention, amount and duration of access,
and type of information accessed; or (2) satisfaction with the
digital health intervention measured, for example, by attention,
interest, usefulness, and perceived benefits through survey items
[31,32].

Search Strategy
The following databases were searched for existing systematic
reviews on this topic: CINAHL, MEDLINE, PROSPERO, JBI
Database of Systematic Reviews and Implementation Reports,
and Cochrane Library Database of Systematic Reviews, and no
reviews were located on the specific topic. The base search
strategy was developed in CINAHL, and additional adapted
searches were run on CINAHL, MEDLINE, and PsycINFO and
hand searched in Google Scholar. The search strategy was
developed in collaboration with a research librarian to identify
articles examining the health literacy of parents of children with
a health condition. The key terms were health literacy or health
behavior or health education or health information and digital
health or mobile health or electronic health. The initial search

was undertaken in June 2020 and updated in April 2021. The
search was limited to papers published in English between
January 2010 and April 2021, as there have been constant
developments and improvements in digital health technology
over the past 10 years. The complete search strategy is shown
in Multimedia Appendix 1. The reference list of all the included
studies was reviewed to identify any relevant papers not found
in the electronic search. Gray literature sources including
OpenGrey, ProQuest Dissertation and Theses, Google, and
Google Scholar were also searched to identify unpublished
studies.

Screening of Articles
After removing duplicates using Endnote (Clarivate), the
web-based tool Rayyan (Rayyan Systems Inc) was used to
screen the articles [35]. Titles and abstracts were reviewed
independently by 2 authors (EM and SR) to determine if they
met the inclusion criteria. Any disagreement regarding eligibility
was resolved through discussion with a third author (DA). The
selected articles were reviewed in full text by the same authors.

Assessment of Methodological Quality
The quality of the screened studies was critically appraised
independently by 2 reviewers (EM and SR) using the Mixed
Methods Appraisal Tool (MMAT) version 2018 [36]. The
MMAT was selected in preference to the JBI critical appraisal
tool as the MMAT was developed to appraise studies that
combine qualitative, quantitative, and mixed methods studies.

Data Extraction
Data extraction was undertaken by the second author (SR) and
reviewed by the first author (EM) and modeled on the
standardized data extraction tool from the JBI [33]. The
extracted data included specific details about the study setting
and context; phenomena of interest (health literacy); study
design; sampling of participants, sample size, and characteristics
of the study sample; specific details about the interventions;
and outcomes of significance to the review question. All data
were extracted following a thorough, complete reading of the
text to identify qualitative and quantitative findings relevant to
the objectives and questions of the review.

Data Synthesis
Owing to differences in reported quantitative data and the small
number of studies, meta-analysis was not possible. The findings
are presented in a narrative form [37], including tables and
figures to aid in data presentation.

Results

Study Inclusion
In total, 1728 references were identified using the search terms.
The addition of secondary searches of reference lists and
searches of gray literature resulted in the identification of
another reference. The exclusion of duplicates resulted in 1351
references, of which 1320 (97.71%) were excluded after the
title and abstract screening. The remaining 31 references were
retrieved in full text. Of the 31 papers, 25 (81%) were excluded
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(Multimedia Appendix 2 [38-62]), resulting in 6 (19%) papers eligible for inclusion (Figure 1) [63-68].

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of the study selection and inclusion process.

Methodological Quality
A total of 2 authors (EM and SR) independently appraised the
6 articles that met the inclusion criteria for methodological
quality. Table 1 summarizes the questions answered in the

MMAT, with 1 study excluded as it did not meet the essential
screening criteria questions [36,68]. The methods varied across
the remaining 5 studies. Of the 5 studies, 2 (40%) studies used
mixed methods [63,64] and 3 (60%) studies used a
quasi-experimental design (quantitative nonrandomized) [65-67].
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Table 1. Assessment of methodological quality with the Mixed Methods Appraisal Tool version 2018 [36].

Slater et al
[68]

Ruiz-Baqués et al
[67]

McGarry et al
[66]

Kobak et al
[65]

Fiks et al
[64]

Blatz et al
[63]

Screening questions

UnclearYesYesYesYesYesAre there clear research questions?

UnclearYesYesYesYesYesDo the collected data allow to address the
research questions?

Quantitative descriptive

N/AN/AN/AN/AaYesYesIs the sampling strategy relevant to address
the research question?

N/AN/AN/AN/AYesYesIs the sample representative of the target
population?

N/AN/AN/AN/AYesNoAre the measurements appropriate?

N/AN/AN/AN/AYesYesIs the risk of nonresponse bias low?

N/AN/AN/AN/AYesYesIs the statistical analysis appropriate to
answer the research question?

Quantitative nonrandomized

N/AYesNoNoN/AN/AAre the participants representative of the
target population?

N/ANoYesYesN/AN/AAre measurements appropriate regarding
both the outcome and intervention (or ex-
posure)?

N/AYesNoYesN/AN/AAre there complete outcome data?

N/AYesYesYesN/AN/AAre the confounders accounted for in the
design and analysis?

N/AYesYesYesN/AN/ADuring the study period, was the interven-
tion administered (or exposure occurred)
as intended?

N/A4 (80)3 (60)4 (80)5 (100)4 (80)Quantitative score, n (%)

Qualitative

N/AN/AN/AN/AYesYesIs the qualitative approach appropriate to
answer the research question?

N/AN/AN/AN/ANoNoAre the qualitative data collection methods
adequate to address the research question?

N/AN/AN/AN/ANoNoAre the findings adequately derived from
the data?

N/AN/AN/AN/ANoNoIs the interpretation of results sufficiently
substantiated by the data?

N/AN/AN/AN/ANoNoIs there coherence between qualitative
data sources, collection, analysis, and in-
terpretation?

N/AN/AN/AN/A1 (20)b1 (20)bQualitative score, n (%)

aN/A: not applicable.
bOnly the quantitative part was used in the review as the qualitative information provided was minimal.

The quality of the 60% (3/5) quasi-experimental studies was
moderate, with a 60% to 80% score [65-67], as was the quality
of the quantitative component of the mixed methods studies,
which was moderate to good with an 80% to 100% score
[63,64]. The quality of the qualitative component of the 40%
(2/5) mixed methods studies was poor (20%) and was therefore
excluded [63,64].

Although the 5 included studies met the quality criteria, biases
were noted. A mixed methods study [63] and a
quasi-experimental study [67] used nonvalidated measurement
tools. In 67% (2/3) of the quasi-experimental studies, it was
unclear if the participants were representative of the population,
as a large proportion of participants were White [65] or
college-educated [66]. McGarry et al [66] did not provide
complete outcome data, with a high rate of participants not
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completing the program and not providing a rationale for why
they dropped out of the program [66]. None of the 5 studies
were randomized or had an independent control group, limiting
the ability to quantify the effect of the digital health intervention
and limit the confounding factors. Of the 5 studies, 3 (60%) had
small sample sizes, with not more than 30 participants in each
study receiving the digital health intervention [63,65,66]. Of
these 3 studies, 2 (67%) were pilot studies [65,66].

Characteristics of the Studies
Of the 5 studies, 2 (40%) used a descriptive longitudinal design
with repeated measures [63,64] and 3 (60%) used a
pretest–posttest design [65-67]. Of the 5 studies identified as
meeting the selection criteria, 1 (20%) study was implemented
in a hospital [63], 2 (40%) in outpatient clinics [64,65], and 2
(40%) in the community [66,67]. Of the 5 studies, 4 (80%) were
conducted in the United States [63-66] and 1 (20%) study in
Spain [67]. More detailed information about the study
characteristics is provided in Multimedia Appendix 3 [63-67].

Description of the Participants
The sample size varied across the 5 studies, with 3 (60%) studies
having <30 participants [63,65,66] and 2 (40%) studies with
>200 participants [64,67]. Most participants were mothers,
ranging from 73% [66] to 100% of the sample in each study

[63]. The mean age of participants in each study varied; the
lowest mean age was 28.6 years [63], and the highest was 37.5
years [64]. A higher percentage of male children living with
health conditions was represented in the studies, ranging from
54.5% [64] to 73% [66] (Multimedia Appendix 3).

Description of the Interventions
All the 5 digital interventions used web-based portals, with
access limited to the participants only (ie, access was not open
to the general public). The interventions targeted a variety of
health conditions: infants born preterm [63], asthma [64], autism
spectrum disorder [65,66], and food allergy [67]. All 5 study
interventions included an educational component, with 4 (80%)
studies including additional interactive communication
components (electronic recording of times and volumes of
breastmilk expression, a patient portal to interact with health
care providers [64], use of videos, web-based training of parents
to promote the child’s communication skills [66], and web-based
discussion forums [67]; Multimedia Appendix 4 [63-67]).

Parent-Related Outcomes
Parent-related outcomes were extracted as engagement (use and
satisfaction) and health literacy (health knowledge and health
behavior; Figure 2).

Figure 2. Parent-related outcomes extracted as engagement and health literacy, including subcontent.
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Engagement
All studies reported on engagement, although the definitions of
engagement and levels of engagement varied across the studies.
Additional details are outlined in Multimedia Appendix 4 and
further described in the following sections.

Use

Approximately 80% (4/5) of the studies reported the number
of parents who were invited to participate [63,64,66,67]. Invitees
logging into the website ranged from 2.6% of eligible parents

[64] to 100% [66] (Table 2). Most participants (67%-100%)
who logged into the website accessed the digital intervention
at least once [63-67]. Users who continued to use the
intervention or completed the digital health intervention ranged
from 37% of parents participating in the Pivotal Response
Treatment (PRT) program [66] to 100% in the Lactation Log
Plus website [63] and the web-based tutorial, which focused on
communication with children with autism spectrum disorder
[65] (Table 2).

Table 2. Number and percentage of parents approached to participate, logged into the website, and accessed the digital intervention (use).

Continued use or completed the interven-
tion, n (%)

Accessed the intervention,
n (%)

Logged into the website,
n (%)

Approached to partici-
pate, N

Study

13 (100)13 (100)18 (90)20Blatz et al [63]

156 (65.8)237 (100)237 (2.59)9133Fiks et al [64]

23 (100)23 (100)23 (—)—aKobak et al [65]

11 (37)30 (100)30 (59)51McGarry et al [66]

130 (62.8)139 (67.1)207 (74.5)277Ruiz-Baqués et al [67]

aNot provided.

Satisfaction

Of the 5 studies, 3 (60%) measured satisfaction with digital
health interventions. Tools used to measure satisfaction varied,
with high satisfaction identified in all 3 studies [65-67].

Kobak et al [65] used the System Usability Scale to measure
satisfaction with the technical parts of the web-based version
of the Enhancing Interaction Program. This is a validated
10-item scale ranging from 0 to 100. The mean score in this
study was 85 (SD 17), which corresponds to a score of excellent.
They also used the User Satisfaction Questionnaire to evaluate
the clinical content of the web-based program. This scale ranges
from 15 to 60 and has shown good internal consistency. The
mean score in this study was 54.5 (SD 5.9). McGarry et al [66]
used Social Validity Measures to assess parents’ satisfaction
with the PRT program. Parents were asked to respond to a
variety of statements using a scale from 0 (strongly disagree)
to 5 (strongly agree). Over 90% of the parents agreed that the
course was well-written and organized. Ruiz-Baqués et al [67]
used a 5-item Likert scale to assess satisfaction with the
educational program. The scale ranged from 0 (not at all) to 10
(great deal) points. The mean score in this study was 8.78.

Health Literacy
All studies reported on health literacy, either as a change in
health knowledge or health behavior. Additional details are
outlined in Multimedia Appendix 4 and further described in the
following sections.

Health Knowledge

Improvement in parental knowledge was identified in 40% (2/5)
of the studies [65,67]. Kobak et al [65] used a questionnaire to
measure changes in knowledge before and after a web-based
intervention program for autism spectrum disorder and found
an increase in the mean number of correct items from 12.6 to
20.4 (P<.001); 79% of parents scored ≥80% after taking the

tutorial compared with 8% before taking the tutorial.
Ruiz-Baqués et al [67] measured the changes in knowledge
before and after a web-based intervention program for food
allergy and found an improvement in 15 out of 30 questionnaire
items and a significant improvement (P<.001) in 8 items.
Improvement was more frequent in the general knowledge and
clinical aspects domain than in the daily life with food allergy
domain. No study reported on the time elapsed between the end
of the intervention and the knowledge test.

Health Behavior

Of the 5 studies, improvement in behavior was identified in 3
(60%) studies [63,64,66]. Blatz et al [63] found that a website
that included breast milk information and a milk diary helped
participants pump milk and sustain milk supply. Of the 13
participants, 2 (15%) felt that the milk log website helped to
pump milk a great deal, 5 (38%) felt that it somewhat helped,
and 6 (46%) felt that the website log did not help them pump
breast milk. Furthermore, of the 13 participants, 2 (15%) felt
that the milk log website helped maintain milk supply a great
deal, 3 (23%) felt that it somewhat helped, and 8 (62%) felt that
the website log did not help them maintain it.

Fiks et al [64] found increased medication refills and
asthma-related medical visits among parents of children with
uncontrolled asthma. Of the 76 children with uncontrolled
asthma after the first survey, 20 (67%) had a medication change
or refill within 30 days of survey completion, and 21 (28%) had
an asthma-related primary care visit within 30 days. The results
represent a significant increase in medication changes or refills
and asthma-related visits when compared with the same period
in the prior year for each child (14% increase in medication
changes, 95% CI 2%-27%, and 16% increase in visits, 95% CI
3%-28%).

McGarry et al [66] found that parents who completed the Autism
PRT program were successfully able to learn and implement
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the strategies. Parents submitted videos of parent-child
interactions, which were coded for the fidelity of implementation
and social communication behaviors. Parent’s treatment fidelity
improved from baseline (mean 65.34%, SD 18.04%) to week
5 (mean 90.13%, SD 7.20%; P<.001). At baseline, of the 11
parents, 1 (9%) met the fidelity of implementation, with ≥80%
fidelity score. By the end of the program, 10 parents met the
fidelity of implementation, whereas 1 parent approached fidelity
with a 75% fidelity score.

Child Health Outcomes
Of the 5 studies, 1 study (20%) reported on child health
outcomes. McGarry et al [66] demonstrated increased
communication behavior among children with autism spectrum
disorder. There was an improvement from baseline to week 5
in children’s vocalization (P=.05), eye contact (P=.03), and
positive affect (P<.001).

Discussion

Principal Findings
With only 5 intervention studies identified in this systematic
review, it is clear that few digital health interventions have been
developed to improve health literacy among parents of children
aged 0 to 12 years living with a health condition. Of the 5
studies, 4 (80%) were published in the past 4 years, suggesting
that digital health interventions to improve health literacy are
an emerging area of research. The use of digital health
interventions in clinical practice has also increased because of
the COVID-19 pandemic [25].

The 5 studies reported parent-related outcomes, with a focus
on engagement with digital health interventions. Despite the
low number of studies, digital health interventions to improve
health literacy appear acceptable and useful among parents.
After parents logged into a website and enrolled in the digital
health intervention, >60% of parents demonstrated continued
engagement with the program [63-65,67], with 1 exception [66].
The study by McGarry et al [66] had the lowest rate of continued
use. The reason could be a rather demanding program where
the parents had to submit a video after each web-based lesson,
capturing how they used their new information with the child.
Submission of a video was a prerequisite for continuing with
the intervention. In another study, <3% of the parents who were
approached logged into the intervention platform [64]. However,
in the same study, approximately 66% of the parents continued
to use the portal once logged in [64], implying that parents who
initiate engagement are also likely to remain engaged. A
systematic review studying the factors affecting engagement
and recruitment to digital health interventions suggests that
people struggle to make sense of digital health interventions
and recommends raising the profile for digital health products
to make people more aware of them [69]. It is possible that the
current pandemic, which has increased the use of digital health
care, has raised the awareness of digital interventions.

Improvement in parental health literacy, including either
knowledge [65,67] or behavior change [63,64,66], indicated
positive results, which are important when parents are
responsible for their children’s health care and well-being [1].

However, none of the included studies used a validated
instrument developed to measure general health literacy, such
as Rapid Estimate of Adult Literacy in Medicine or Test of
Functional Health Literacy in Adults [70]. Instead, both Kobak
et al [65] and Ruiz-Baqués et al [67] measured specific
knowledge targeting autism spectrum disorder and food allergy,
respectively. Disease-specific knowledge has proved to be of
greater importance in affecting health behavior change than
general health literacy [71]. It is also suggested that general
health literacy can be a prerequisite for disease-specific
knowledge [71]. Health literacy is a complex concept in which
knowledge is important and can influence health behavior and
child health outcomes [5]. For parents responsible for their
children’s basic care and specific care related to their health
condition, it is essential to have both general health literacy and
disease-specific knowledge. However, few studies have
evaluated the effect of digital health interventions on either
parents’ general health literacy or disease-specific knowledge.
In times of a pandemic, when access to physical consultations
with health care providers has been affected, digital health
interventions to increase parents’ knowledge and behavior may
be of utmost importance for the child’s health.

Health literacy increases the parent’s capacity to engage in and
take responsibility for their child’s health care [2], both of which
are associated with improved child health outcomes. Only 20%
(1/5) of the studies reported on a change in outcomes [66].
McGarry et al [66] reported positive changes in children’s
communicative behavior at the same time as the parent’s
treatment fidelity improved significantly. These are promising
results showing that increased disease-specific knowledge in
parents can positively affect child health outcomes; however,
more studies are necessary to prove this hypothesis. Therefore,
it is essential to report on potential improvements in the child’s
health status in future studies to evaluate the impact of increased
health literacy in parents.

No randomized controlled studies were included in this review.
Of the 5 studies, 2 (40%) were presented as mixed methods
studies [63,64]. Unfortunately, the qualitative part of these
studies was assessed as having low methodological quality. The
only qualitative study included following full-text review was
subsequently excluded after critical appraisal [68]. The 3
quantitative studies that evaluated satisfaction reported high
satisfaction levels with the digital health intervention [65-67].
However, these studies all used different tools to measure
satisfaction, thus limiting the aggregation and synthesis of data.
Qualitative studies could help to develop an understanding of
why some parents decide to initiate engagement with digital
health interventions and what factors contribute to their
continued use.

Limitations of the Review
Although this review was systematic, the findings must be
interpreted with caution. The number of studies identified was
small, homogeneity among the studies was limited, and none
of the included studies used a true comparison (ie, control
group). Several factors may have influenced the outcome of the
digital health interventions, including the implementation
methodology, limited responses and participation rates,
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encouragement by health care providers, and participants’
characteristics. Owing to the small number of included studies
and missing data on participants’ characteristics, the influence
of potential covariates could not be further evaluated. The
variation in methodological design, including differences in
outcomes and few comparators, limited the authors’ ability to
conduct a meta-analysis. It should also be considered that only
studies published in English were included in this review.
Despite these limitations, the favorable results across studies
suggest that further evaluations of the benefits of digital health
interventions should be undertaken.

Conclusions
This review has shown the potential of digital health
interventions to improve health knowledge and health behavior
among parents of children aged 0-12 years with a health
condition. Of the 5 included studies, 4 (80%) were published
in the past 4 years, indicating that digital health interventions
aimed at improving health literacy are a developing research
area. Future studies should include qualitative studies and studies
with randomized samples to more fully understand the potential
of digital health interventions to increase parent health literacy.

 

Acknowledgments
The authors acknowledge the support from the Australian Research Council Centre of Excellence for the Digital Child.

Authors' Contributions
EM, SR, DA, and LW were involved in conceptualization; EM and SR formulated the methodology and performed the formal
analysis; SR wrote the original draft; EM, DA, and LW were involved in the review and editing process; and EM, SR, DA, and
LW granted the final approval of the version to be published.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Search strategy.
[DOCX File , 13 KB - jmir_v23i12e31665_app1.docx ]

Multimedia Appendix 2
Excluded studies.
[DOCX File , 35 KB - jmir_v23i12e31665_app2.docx ]

Multimedia Appendix 3
Descriptive information.
[DOCX File , 24 KB - jmir_v23i12e31665_app3.docx ]

Multimedia Appendix 4
Description of interventions and outcomes.
[DOCX File , 26 KB - jmir_v23i12e31665_app4.docx ]

References
1. Boshoff K, Gibbs D, Phillips RL, Wiles L, Porter L. Parents' voices: 'why and how we advocate'. A meta-synthesis of

parents' experiences of advocating for their child with autism spectrum disorder. Child Care Health Dev 2016
Nov;42(6):784-797. [doi: 10.1111/cch.12383] [Medline: 27445227]

2. Aarthun A, Øymar KA, Akerjordet K. How health professionals facilitate parents' involvement in decision-making at the
hospital: a parental perspective. J Child Health Care 2018 Mar;22(1):108-121. [doi: 10.1177/1367493517744279] [Medline:
29212362]

3. Smith J, Swallow V, Coyne I. Involving parents in managing their child's long-term condition-a concept synthesis of
family-centered care and partnership-in-care. J Pediatr Nurs 2015;30(1):143-159. [doi: 10.1016/j.pedn.2014.10.014]
[Medline: 25458112]

4. Smith J, Kendal S. Parents' and health professionals' views of collaboration in the management of childhood long-term
conditions. J Pediatr Nurs 2018;43:36-44. [doi: 10.1016/j.pedn.2018.08.011] [Medline: 30473155]

5. Sørensen K, Van den Broucke S, Fullam J, Doyle G, Pelikan J, Slonska Z, (HLS-EU) Consortium Health Literacy Project
European. Health literacy and public health: a systematic review and integration of definitions and models. BMC Public
Health 2012 Jan 25;12:80 [FREE Full text] [doi: 10.1186/1471-2458-12-80] [Medline: 22276600]

J Med Internet Res 2021 | vol. 23 | iss. 12 | e31665 | p.154https://www.jmir.org/2021/12/e31665
(page number not for citation purposes)

Mörelius et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

jmir_v23i12e31665_app1.docx
jmir_v23i12e31665_app1.docx
jmir_v23i12e31665_app2.docx
jmir_v23i12e31665_app2.docx
jmir_v23i12e31665_app3.docx
jmir_v23i12e31665_app3.docx
jmir_v23i12e31665_app4.docx
jmir_v23i12e31665_app4.docx
http://dx.doi.org/10.1111/cch.12383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27445227&dopt=Abstract
http://dx.doi.org/10.1177/1367493517744279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29212362&dopt=Abstract
http://dx.doi.org/10.1016/j.pedn.2014.10.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25458112&dopt=Abstract
http://dx.doi.org/10.1016/j.pedn.2018.08.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30473155&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-12-80
http://dx.doi.org/10.1186/1471-2458-12-80
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22276600&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


6. de Buhr E, Tannen A. Parental health literacy and health knowledge, behaviours and outcomes in children: a cross-sectional
survey. BMC Public Health 2020 Jul 13;20(1):1096 [FREE Full text] [doi: 10.1186/s12889-020-08881-5] [Medline:
32660459]

7. Berkman N, Sheridan S, Donahue K, Halpern D, Viera A, Crotty K, et al. Health literacy interventions and outcomes: an
updated systematic review. Evid Rep Technol Assess (Full Rep) 2011 Mar(199):1-941. [Medline: 23126607]

8. DeWalt DA, Hink A. Health literacy and child health outcomes: a systematic review of the literature. Pediatrics 2009
Nov;124 Suppl 3:S265-S274. [doi: 10.1542/peds.2009-1162B] [Medline: 19861480]

9. Sanders LM, Federico S, Klass P, Abrams MA, Dreyer B. Literacy and child health: a systematic review. Arch Pediatr
Adolesc Med 2009 Feb;163(2):131-140. [doi: 10.1001/archpediatrics.2008.539] [Medline: 19188645]

10. Lenahan JL, McCarthy DM, Davis TC, Curtis LM, Serper M, Wolf MS. A drug by any other name: patients' ability to
identify medication regimens and its association with adherence and health outcomes. J Health Commun 2013;18 Suppl
1(Suppl 1):31-39 [FREE Full text] [doi: 10.1080/10810730.2013.825671] [Medline: 24093343]

11. Yin HS, Mendelsohn AL, Wolf MS, Parker RM, Fierman A, van Schaick L, et al. Parents' medication administration errors:
role of dosing instruments and health literacy. Arch Pediatr Adolesc Med 2010 Feb;164(2):181-186. [doi:
10.1001/archpediatrics.2009.269] [Medline: 20124148]

12. Yin HS, Dreyer BP, Foltin G, van Schaick L, Mendelsohn AL. Association of low caregiver health literacy with reported
use of nonstandardized dosing instruments and lack of knowledge of weight-based dosing. Ambul Pediatr 2007;7(4):292-298.
[doi: 10.1016/j.ambp.2007.04.004] [Medline: 17660100]

13. Harrington KF, Zhang B, Magruder T, Bailey WC, Gerald LB. The impact of parent's health literacy on pediatric asthma
outcomes. Pediatr Allergy Immunol Pulmonol 2015 Mar 01;28(1):20-26 [FREE Full text] [doi: 10.1089/ped.2014.0379]
[Medline: 25852967]

14. Shone LP, Conn KM, Sanders L, Halterman JS. The role of parent health literacy among urban children with persistent
asthma. Patient Educ Couns 2009 Jun;75(3):368-375 [FREE Full text] [doi: 10.1016/j.pec.2009.01.004] [Medline: 19233588]

15. Morrison AK, Glick A, Yin HS. Health literacy: implications for child health. Pediatr Rev 2019 Jun;40(6):263-277. [doi:
10.1542/pir.2018-0027] [Medline: 31152099]

16. Tzeng Y, Chiang B, Chen Y, Gau B. Health literacy in children with asthma: a systematic review. Pediatr Neonatol 2018
Oct;59(5):429-438 [FREE Full text] [doi: 10.1016/j.pedneo.2017.12.001] [Medline: 29678410]

17. Pulgarón ER, Sanders LM, Patiño-Fernandez AM, Wile D, Sanchez J, Rothman RL, et al. Glycemic control in young
children with diabetes: the role of parental health literacy. Patient Educ Couns 2014 Jan;94(1):67-70 [FREE Full text] [doi:
10.1016/j.pec.2013.09.002] [Medline: 24091252]

18. Arabiat D, Whitehead L, Foster M, Shields L, Harris L. Parents' experiences of Family Centred Care practices. J Pediatr
Nurs 2018;42:39-44. [doi: 10.1016/j.pedn.2018.06.012] [Medline: 30219298]

19. Cousino MK, Hazen RA. Parenting stress among caregivers of children with chronic illness: a systematic review. J Pediatr
Psychol 2013 Sep;38(8):809-828. [doi: 10.1093/jpepsy/jst049] [Medline: 23843630]

20. Angelhoff C, Edéll-Gustafsson U, Mörelius E. Sleep of parents living with a child receiving hospital-based home care: a
phenomenographical study. Nurs Res 2015;64(5):372-380. [doi: 10.1097/NNR.0000000000000108] [Medline: 26325279]

21. Mörelius E, Hemmingsson H. Parents of children with physical disabilities - perceived health in parents related to the child's
sleep problems and need for attention at night. Child Care Health Dev 2014 May;40(3):412-418. [doi: 10.1111/cch.12079]
[Medline: 23731355]

22. Thompson D, Leach M, Smith C, Fereday J, May E. How nurses and other health professionals use learning principles in
parent education practice: a scoping review of the literature. Heliyon 2020 Mar 18;6(3):e03564 [FREE Full text] [doi:
10.1016/j.heliyon.2020.e03564] [Medline: 32211543]

23. Kepreotes E, Keatinge D, Stone T. The experience of parenting children with chronic health conditions: a new reality. J
Nurs Healthc Chronic Illn 2010 Feb 9;2(1):51-62. [doi: 10.1111/j.1752-9824.2010.01047.x]

24. Meyers N, Glick AF, Mendelsohn AL, Parker RM, Sanders LM, Wolf MS, et al. Parents' use of technologies for health
management: a health literacy perspective. Acad Pediatr 2020;20(1):23-30 [FREE Full text] [doi: 10.1016/j.acap.2019.01.008]
[Medline: 30862511]

25. Kubb C, Foran HM. Online health information seeking by parents for their children: systematic review and agenda for
further research. J Med Internet Res 2020 Aug 25;22(8):e19985 [FREE Full text] [doi: 10.2196/19985] [Medline: 32840484]

26. Jaks R, Baumann I, Juvalta S, Dratva J. Parental digital health information seeking behavior in Switzerland: a cross-sectional
study. BMC Public Health 2019 Feb 21;19(1):225 [FREE Full text] [doi: 10.1186/s12889-019-6524-8] [Medline: 30791927]

27. Shorey S, Chee CY, Ng ED, Lau Y, Dennis C, Chan YH. Evaluation of a technology-based peer-support intervention
program for preventing postnatal depression (part 1): randomized controlled trial. J Med Internet Res 2019 Aug
29;21(8):e12410 [FREE Full text] [doi: 10.2196/12410] [Medline: 31469084]

28. Monaghesh E, Hajizadeh A. The role of telehealth during COVID-19 outbreak: a systematic review based on current
evidence. BMC Public Health 2020 Aug 01;20(1):1193 [FREE Full text] [doi: 10.1186/s12889-020-09301-4] [Medline:
32738884]

29. McCabe C, Timmins F. Embracing healthcare technology - What is the way forward for nurse education? Nurse Educ Pract
2016 Nov;21:104-106. [doi: 10.1016/j.nepr.2016.10.007] [Medline: 27810650]

J Med Internet Res 2021 | vol. 23 | iss. 12 | e31665 | p.155https://www.jmir.org/2021/12/e31665
(page number not for citation purposes)

Mörelius et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-08881-5
http://dx.doi.org/10.1186/s12889-020-08881-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32660459&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23126607&dopt=Abstract
http://dx.doi.org/10.1542/peds.2009-1162B
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19861480&dopt=Abstract
http://dx.doi.org/10.1001/archpediatrics.2008.539
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19188645&dopt=Abstract
http://europepmc.org/abstract/MED/24093343
http://dx.doi.org/10.1080/10810730.2013.825671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24093343&dopt=Abstract
http://dx.doi.org/10.1001/archpediatrics.2009.269
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20124148&dopt=Abstract
http://dx.doi.org/10.1016/j.ambp.2007.04.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17660100&dopt=Abstract
http://europepmc.org/abstract/MED/25852967
http://dx.doi.org/10.1089/ped.2014.0379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25852967&dopt=Abstract
http://europepmc.org/abstract/MED/19233588
http://dx.doi.org/10.1016/j.pec.2009.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19233588&dopt=Abstract
http://dx.doi.org/10.1542/pir.2018-0027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31152099&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1875-9572(17)30188-2
http://dx.doi.org/10.1016/j.pedneo.2017.12.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29678410&dopt=Abstract
http://europepmc.org/abstract/MED/24091252
http://dx.doi.org/10.1016/j.pec.2013.09.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24091252&dopt=Abstract
http://dx.doi.org/10.1016/j.pedn.2018.06.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30219298&dopt=Abstract
http://dx.doi.org/10.1093/jpepsy/jst049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23843630&dopt=Abstract
http://dx.doi.org/10.1097/NNR.0000000000000108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26325279&dopt=Abstract
http://dx.doi.org/10.1111/cch.12079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23731355&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2405-8440(20)30409-6
http://dx.doi.org/10.1016/j.heliyon.2020.e03564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32211543&dopt=Abstract
http://dx.doi.org/10.1111/j.1752-9824.2010.01047.x
http://europepmc.org/abstract/MED/30862511
http://dx.doi.org/10.1016/j.acap.2019.01.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30862511&dopt=Abstract
https://www.jmir.org/2020/8/e19985/
http://dx.doi.org/10.2196/19985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32840484&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-019-6524-8
http://dx.doi.org/10.1186/s12889-019-6524-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30791927&dopt=Abstract
https://www.jmir.org/2019/8/e12410/
http://dx.doi.org/10.2196/12410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31469084&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-09301-4
http://dx.doi.org/10.1186/s12889-020-09301-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32738884&dopt=Abstract
http://dx.doi.org/10.1016/j.nepr.2016.10.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27810650&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


30. Short CE, DeSmet A, Woods C, Williams SL, Maher C, Middelweerd A, et al. Measuring engagement in eHealth and
mHealth behavior change interventions: viewpoint of methodologies. J Med Internet Res 2018 Nov 16;20(11):e292 [FREE
Full text] [doi: 10.2196/jmir.9397] [Medline: 30446482]

31. Perski O, Blandford A, West R, Michie S. Conceptualising engagement with digital behaviour change interventions: a
systematic review using principles from critical interpretive synthesis. Transl Behav Med 2017 Jun;7(2):254-267 [FREE
Full text] [doi: 10.1007/s13142-016-0453-1] [Medline: 27966189]

32. Yardley L, Spring BJ, Riper H, Morrison LG, Crane DH, Curtis K, et al. Understanding and promoting effective engagement
with digital behavior change interventions. Am J Prev Med 2016 Nov;51(5):833-842. [doi: 10.1016/j.amepre.2016.06.015]
[Medline: 27745683]

33. JBI manual for evidence synthesis. JBI Global. 2020. URL: https://doi.org/10.46658/JBIMES-20-01 [accessed 2021-12-04]
34. Noyes J, Booth A, Moore G, Flemming K, Tunçalp Ö, Shakibazadeh E. Synthesising quantitative and qualitative evidence

to inform guidelines on complex interventions: clarifying the purposes, designs and outlining some methods. BMJ Glob
Health 2019 Jan 25;4(Suppl 1):e000893 [FREE Full text] [doi: 10.1136/bmjgh-2018-000893] [Medline: 30775016]

35. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan-a web and mobile app for systematic reviews. Syst Rev
2016 Dec 05;5(1):210 [FREE Full text] [doi: 10.1186/s13643-016-0384-4] [Medline: 27919275]

36. Hong QN, Pluye P, Fàbregues S, Bartlett G, Boardman F, Cargo M, et al. Improving the content validity of the mixed
methods appraisal tool: a modified e-Delphi study. J Clin Epidemiol 2019 Jul;111:49-59.e1 [FREE Full text] [doi:
10.1016/j.jclinepi.2019.03.008] [Medline: 30905698]

37. Tufanaru C, Munn Z, Aromataris E, Campbell J, Hopp L. Chapter 3: Systematic reviews of effectiveness. JBI Manual for
Evidence Synthesis. URL: https://jbi-global-wiki.refined.site/space/MANUAL/3283910685/
Chapter+3%3A+Systematic+reviews+of+effectiveness [accessed 2021-12-04]

38. Armstrong-Heimsoth A, Johnson M, McCulley A, Basinger M, Maki K, Davison D. Good googling: a consumer health
literacy program empowering parents to find quality health information online. J Consum Health Internet 2017 Jun
12;21(2):111-124. [doi: 10.1080/15398285.2017.1308191]

39. Ayre J, Costa DS, McCaffery KJ, Nutbeam D, Muscat DM. Validation of an Australian parenting health literacy skills
instrument: the parenting plus skills index. Patient Educ Couns 2020 Jun;103(6):1245-1251. [doi: 10.1016/j.pec.2020.01.012]
[Medline: 31982204]

40. Asan O, Scanlon MC, Crotty B, Holden RJ, Flynn KE. Parental perceptions of displayed patient data in a PICU: an example
of unintentional empowerment. Pediatr Crit Care Med 2019 May;20(5):435-441 [FREE Full text] [doi:
10.1097/PCC.0000000000001895] [Medline: 31058783]

41. Byczkowski TL, Munafo JK, Britto MT. Family perceptions of the usability and value of chronic disease web-based patient
portals. Health Informatics J 2014 Jun;20(2):151-162 [FREE Full text] [doi: 10.1177/1460458213489054] [Medline:
24056751]

42. Chau S, Oldman S, Smith SR, Lin CA, Ali S, Duffy VB. Online behavioral screener with tailored obesity prevention
messages: application to a pediatric clinical setting. Nutrients 2021 Jan 14;13(1):223 [FREE Full text] [doi:
10.3390/nu13010223] [Medline: 33466705]

43. Chorianopoulou A, Lialiou P, Mechili EA, Mantas J, Diomidous M. Investigation of the quality and effectiveness of
telemedicine in children with diabetes. Stud Health Technol Inform 2015;210:105-109. [Medline: 25991111]

44. Dudovitz R, Teutsch C, Holt K, Herman A. Improving parent oral health literacy in Head Start programs. J Public Health
Dent 2020 Jun;80(2):150-158. [doi: 10.1111/jphd.12361] [Medline: 32083725]

45. Edwards C, Bolling-Walker K, Deupree J. Actionability and usability of a fever management tool for pediatric caregivers.
J Contin Educ Nurs 2020 Jul 01;51(7):338-344. [doi: 10.3928/00220124-20200611-10] [Medline: 32579230]

46. Fagnano M, Halterman JS, Conn KM, Shone LP. Health literacy and sources of health information for caregivers of urban
children with asthma. Clin Pediatr (Phila) 2012 Mar;51(3):267-273 [FREE Full text] [doi: 10.1177/0009922811421413]
[Medline: 21911409]

47. Fauer AJ, Hoodin F, Lalonde L, Errickson J, Runaas L, Churay T, et al. Impact of a health information technology tool
addressing information needs of caregivers of adult and pediatric hematopoietic stem cell transplantation patients. Support
Care Cancer 2019 Jun;27(6):2103-2112 [FREE Full text] [doi: 10.1007/s00520-018-4450-4] [Medline: 30232587]

48. Gage-Bouchard EA, LaValley S, Mollica M, Beaupin LK. Communication and exchange of specialized health-related
support among people with experiential similarity on facebook. Health Commun 2017 Oct;32(10):1233-1240. [doi:
10.1080/10410236.2016.1196518] [Medline: 27485860]

49. Guðmundsdóttir K, Ala’i-Rosales S, Sigurðardóttir Z. Extending caregiver training via telecommunication for rural Icelandic
children with autism. Rural Special Educ Q 2018 Jul 19;38(1):26-42. [doi: 10.1177/8756870518783522]

50. Kaskinen A, Ayeboa-Sallah B, Teivaanmäki T, Wärnhjelm E, Korhonen L, Helve O. Pediatric web-based chat services for
caregivers of children: descriptive study. J Med Internet Res 2018 Dec 14;20(12):e10165 [FREE Full text] [doi:
10.2196/10165] [Medline: 30552087]

51. Liu J, Zheng X, Zhang X, Feng Z, Song M, Lopez V. The evidence and future potential of WeChat in providing support
for Chinese parents of pediatric patients undergoing herniorrhaphy. J Transcult Nurs 2020 Mar;31(2):114-120. [doi:
10.1177/1043659619841672] [Medline: 30983517]

J Med Internet Res 2021 | vol. 23 | iss. 12 | e31665 | p.156https://www.jmir.org/2021/12/e31665
(page number not for citation purposes)

Mörelius et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2018/11/e292/
https://www.jmir.org/2018/11/e292/
http://dx.doi.org/10.2196/jmir.9397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30446482&dopt=Abstract
http://europepmc.org/abstract/MED/27966189
http://europepmc.org/abstract/MED/27966189
http://dx.doi.org/10.1007/s13142-016-0453-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27966189&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2016.06.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27745683&dopt=Abstract
https://doi.org/10.46658/JBIMES-20-01
https://gh.bmj.com/lookup/pmidlookup?view=long&pmid=30775016
http://dx.doi.org/10.1136/bmjgh-2018-000893
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30775016&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-016-0384-4
http://dx.doi.org/10.1186/s13643-016-0384-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27919275&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0895-4356(18)30082-9
http://dx.doi.org/10.1016/j.jclinepi.2019.03.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30905698&dopt=Abstract
https://jbi-global-wiki.refined.site/space/MANUAL/3283910685/Chapter+3%3A+Systematic+reviews+of+effectiveness
https://jbi-global-wiki.refined.site/space/MANUAL/3283910685/Chapter+3%3A+Systematic+reviews+of+effectiveness
http://dx.doi.org/10.1080/15398285.2017.1308191
http://dx.doi.org/10.1016/j.pec.2020.01.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31982204&dopt=Abstract
http://europepmc.org/abstract/MED/31058783
http://dx.doi.org/10.1097/PCC.0000000000001895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31058783&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/1460458213489054?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/1460458213489054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24056751&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu13010223
http://dx.doi.org/10.3390/nu13010223
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33466705&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25991111&dopt=Abstract
http://dx.doi.org/10.1111/jphd.12361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32083725&dopt=Abstract
http://dx.doi.org/10.3928/00220124-20200611-10
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32579230&dopt=Abstract
http://europepmc.org/abstract/MED/21911409
http://dx.doi.org/10.1177/0009922811421413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21911409&dopt=Abstract
http://europepmc.org/abstract/MED/30232587
http://dx.doi.org/10.1007/s00520-018-4450-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30232587&dopt=Abstract
http://dx.doi.org/10.1080/10410236.2016.1196518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27485860&dopt=Abstract
http://dx.doi.org/10.1177/8756870518783522
https://www.jmir.org/2018/12/e10165/
http://dx.doi.org/10.2196/10165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30552087&dopt=Abstract
http://dx.doi.org/10.1177/1043659619841672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30983517&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


52. Macken AP, Sasaki E, Quinn A, Cullen W, Leddin D, Dunne C, et al. Paediatric diabetes: information-seeking behaviours
of families. Ir Med J 2014 Mar;107(3):87-88. [Medline: 24757896]

53. McCarty CA, Zatzick DF, Marcynyszyn LA, Wang J, Hilt R, Jinguji T, et al. Effect of collaborative care on persistent
postconcussive symptoms in adolescents: a randomized clinical trial. JAMA Netw Open 2021 Feb 01;4(2):e210207 [FREE
Full text] [doi: 10.1001/jamanetworkopen.2021.0207] [Medline: 33635325]

54. McCarty C, Vander Stoep A, Violette H, Myers K. Interventions developed for psychiatric and behavioral treatment in the
children’s ADHD telemental health treatment study. J Child Fam Stud 2014 May 17;24(6):1735-1743. [doi:
10.1007/s10826-014-9977-5]

55. Meedya S, Win K, Yeatman H, Fahy K, Walton K, Burgess L, et al. Developing and testing a mobile application for
breastfeeding support: the Milky Way application. Women Birth 2021 Mar;34(2):e196-e203. [doi:
10.1016/j.wombi.2020.02.006] [Medline: 32081557]

56. Price S, Ferisin S, Sharifi M, Steinberg D, Bennett G, Wolin KY, et al. Development and implementation of an interactive
text messaging campaign to support behavior change in a childhood obesity randomized controlled trial. J Health Commun
2015;20(7):843-850. [doi: 10.1080/10810730.2015.1018582] [Medline: 25996181]

57. Ramelet AS, Fonjallaz B, Rio L, Zoni S, Ballabeni P, Rapin J, et al. Impact of a nurse led telephone intervention on
satisfaction and health outcomes of children with inflammatory rheumatic diseases and their families: a crossover randomized
clinical trial. BMC Pediatr 2017 Jul 17;17(1):168 [FREE Full text] [doi: 10.1186/s12887-017-0926-5] [Medline: 28716081]

58. Saidinejad M, Zorc J. Mobile and web-based education: delivering emergency department discharge and aftercare instructions.
Pediatr Emerg Care 2014 Mar;30(3):211-216. [doi: 10.1097/PEC.0000000000000097] [Medline: 24589814]

59. Sharifi M, Dryden EM, Horan CM, Price S, Marshall R, Hacker K, et al. Leveraging text messaging and mobile technology
to support pediatric obesity-related behavior change: a qualitative study using parent focus groups and interviews. J Med
Internet Res 2013 Dec 06;15(12):e272 [FREE Full text] [doi: 10.2196/jmir.2780] [Medline: 24317406]

60. Spratling R, Faulkner MS, Chambers R, Lawrence P, Feinberg I, Hayat MJ. Establishing fidelity for the creating opportunities
for personal empowerment: symptom and technology management resources (COPE-STAR) intervention. J Adv Nurs 2020
Dec;76(12):3440-3447 [FREE Full text] [doi: 10.1111/jan.14552] [Medline: 32989802]

61. Tutar Güven Ş, İşler Dalgiç A, Duman Ö. Evaluation of the efficiency of the web-based epilepsy education program
(WEEP) for youth with epilepsy and parents: a randomized controlled trial. Epilepsy Behav 2020 Oct;111:107142. [doi:
10.1016/j.yebeh.2020.107142] [Medline: 32702651]

62. van der Gugten AC, Uiterwaal CS, Verheij TJ, van der Ent CK. E-health and consultation rates for respiratory illnesses in
infants: a randomised clinical trial in primary care. Br J Gen Pract 2015 Feb;65(631):e61-e68 [FREE Full text] [doi:
10.3399/bjgp15X683485] [Medline: 25624309]

63. Blatz M, Dowling D, Underwood P, Bieda A, Graham G. A password-protected web site for mothers expressing milk for
their preterm infants. Adv Neonatal Care 2017 Jun;17(3):222-229. [doi: 10.1097/ANC.0000000000000365] [Medline:
27902504]

64. Fiks AG, DuRivage N, Mayne SL, Finch S, Ross ME, Giacomini K, et al. Adoption of a portal for the primary care
management of pediatric asthma: a mixed-methods implementation study. J Med Internet Res 2016 Jun 29;18(6):e172
[FREE Full text] [doi: 10.2196/jmir.5610] [Medline: 27357835]

65. Kobak KA, Stone WL, Wallace E, Warren Z, Swanson A, Robson K. A web-based tutorial for parents of young children
with autism: results from a pilot study. Telemed J E Health 2011 Dec;17(10):804-808 [FREE Full text] [doi:
10.1089/tmj.2011.0060] [Medline: 22011005]

66. McGarry E, Vernon T, Baktha A. Brief report: a pilot online pivotal response treatment training program for parents of
toddlers with autism spectrum disorder. J Autism Dev Disord 2020 Sep;50(9):3424-3431. [doi: 10.1007/s10803-019-04100-2]
[Medline: 31190197]

67. Ruiz-Baqués A, Contreras-Porta J, Marques-Mejías M, Cárdenas Rebollo JM, Capel Torres F, Ariño Pla MN, et al. Evaluation
of an online educational program for parents and caregivers of children with food allergies. J Investig Allergol Clin Immunol
2018;28(1):37-41 [FREE Full text] [doi: 10.18176/jiaci.0214] [Medline: 29461207]

68. Slater PJ, Fielden PE, Bradford NK. The oncology family app: providing information and support for families caring for
their child with cancer. J Pediatr Oncol Nurs 2018;35(2):94-102. [doi: 10.1177/1043454217741874] [Medline: 29161974]

69. O'Connor S, Hanlon P, O'Donnell CA, Garcia S, Glanville J, Mair FS. Understanding factors affecting patient and public
engagement and recruitment to digital health interventions: a systematic review of qualitative studies. BMC Med Inform
Decis Mak 2016 Sep 15;16(1):120 [FREE Full text] [doi: 10.1186/s12911-016-0359-3] [Medline: 27630020]

70. Chew LD, Griffin JM, Partin MR, Noorbaloochi S, Grill JP, Snyder A, et al. Validation of screening questions for limited
health literacy in a large VA outpatient population. J Gen Intern Med 2008 May;23(5):561-566 [FREE Full text] [doi:
10.1007/s11606-008-0520-5] [Medline: 18335281]

71. Schrauben SJ, Cavanaugh KL, Fagerlin A, Ikizler TA, Ricardo AC, Eneanya ND, et al. The relationship of disease-specific
knowledge and health literacy with the uptake of self-care behaviors in CKD. Kidney Int Rep 2020 Jan;5(1):48-57 [FREE
Full text] [doi: 10.1016/j.ekir.2019.10.004] [Medline: 31922060]

J Med Internet Res 2021 | vol. 23 | iss. 12 | e31665 | p.157https://www.jmir.org/2021/12/e31665
(page number not for citation purposes)

Mörelius et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24757896&dopt=Abstract
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/10.1001/jamanetworkopen.2021.0207
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/10.1001/jamanetworkopen.2021.0207
http://dx.doi.org/10.1001/jamanetworkopen.2021.0207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33635325&dopt=Abstract
http://dx.doi.org/10.1007/s10826-014-9977-5
http://dx.doi.org/10.1016/j.wombi.2020.02.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32081557&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2015.1018582
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25996181&dopt=Abstract
https://bmcpediatr.biomedcentral.com/articles/10.1186/s12887-017-0926-5
http://dx.doi.org/10.1186/s12887-017-0926-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28716081&dopt=Abstract
http://dx.doi.org/10.1097/PEC.0000000000000097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24589814&dopt=Abstract
https://www.jmir.org/2013/12/e272/
http://dx.doi.org/10.2196/jmir.2780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24317406&dopt=Abstract
http://europepmc.org/abstract/MED/32989802
http://dx.doi.org/10.1111/jan.14552
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32989802&dopt=Abstract
http://dx.doi.org/10.1016/j.yebeh.2020.107142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32702651&dopt=Abstract
https://bjgp.org/cgi/pmidlookup?view=long&pmid=25624309
http://dx.doi.org/10.3399/bjgp15X683485
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25624309&dopt=Abstract
http://dx.doi.org/10.1097/ANC.0000000000000365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27902504&dopt=Abstract
https://www.jmir.org/2016/6/e172/
http://dx.doi.org/10.2196/jmir.5610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27357835&dopt=Abstract
http://europepmc.org/abstract/MED/22011005
http://dx.doi.org/10.1089/tmj.2011.0060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22011005&dopt=Abstract
http://dx.doi.org/10.1007/s10803-019-04100-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31190197&dopt=Abstract
http://www.jiaci.org/summary/vol28-issue1-num1569
http://dx.doi.org/10.18176/jiaci.0214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29461207&dopt=Abstract
http://dx.doi.org/10.1177/1043454217741874
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29161974&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-016-0359-3
http://dx.doi.org/10.1186/s12911-016-0359-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27630020&dopt=Abstract
http://europepmc.org/abstract/MED/18335281
http://dx.doi.org/10.1007/s11606-008-0520-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18335281&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2468-0249(19)31509-8
https://linkinghub.elsevier.com/retrieve/pii/S2468-0249(19)31509-8
http://dx.doi.org/10.1016/j.ekir.2019.10.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31922060&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
JBI: Joanna Briggs Institute
MMAT: Mixed Methods Appraisal Tool
PROSPERO: International Prospective Register of Systematic Reviews
PRT: Pivotal Response Treatment

Edited by R Kukafka; submitted 30.06.21; peer-reviewed by M Fagnano, R Nightingale; comments to author 26.08.21; revised version
received 06.10.21; accepted 29.10.21; published 22.12.21.

Please cite as:
Mörelius E, Robinson S, Arabiat D, Whitehead L
Digital Interventions to Improve Health Literacy Among Parents of Children Aged 0 to 12 Years With a Health Condition: Systematic
Review
J Med Internet Res 2021;23(12):e31665
URL: https://www.jmir.org/2021/12/e31665 
doi:10.2196/31665
PMID:34941559

©Evalotte Mörelius, Suzanne Robinson, Diana Arabiat, Lisa Whitehead. Originally published in the Journal of Medical Internet
Research (https://www.jmir.org), 22.12.2021. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The
complete bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright and
license information must be included.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e31665 | p.158https://www.jmir.org/2021/12/e31665
(page number not for citation purposes)

Mörelius et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2021/12/e31665
http://dx.doi.org/10.2196/31665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34941559&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Review

Value of the Electronic Medical Record for Hospital Care: Update
From the Literature

Aykut Uslu1, PhD; Jürgen Stausberg2, MD, Prof Dr
1USLU Medizininformatik, Düsseldorf, Germany
2Institute for Medical Informatics, Biometry and Epidemiology, University Hospital Essen, University Duisburg-Essen, Essen, Germany

Corresponding Author:
Jürgen Stausberg, MD, Prof Dr
Institute for Medical Informatics, Biometry and Epidemiology
University Hospital Essen
University Duisburg-Essen
Hufelandstrasse 55
Essen, 45122
Germany
Phone: 49 201 72377201
Fax: 49 201 72377333
Email: stausberg@ekmed.de

Abstract

Background: Electronic records could improve quality and efficiency of health care. National and international bodies propagate
this belief worldwide. However, the evidence base concerning the effects and advantages of electronic records is questionable.
The outcome of health care systems is influenced by many components, making assertions about specific types of interventions
difficult. Moreover, electronic records itself constitute a complex intervention offering several functions with possibly positive
as well as negative effects on the outcome of health care systems.

Objective: The aim of this review is to summarize empirical studies about the value of electronic medical records (EMRs) for
hospital care published between 2010 and spring 2019.

Methods: The authors adopted their method from a series of literature reviews. The literature search was performed on MEDLINE
with “Medical Record System, Computerized” as the essential keyword. The selection process comprised 2 phases looking for
a consent of both authors. Starting with 1345 references, 23 were finally included in the review. The evaluation combined a
scoring of the studies’ quality, a description of data sources in case of secondary data analyses, and a qualitative assessment of
the publications’ conclusions concerning the medical record’s impact on quality and efficiency of health care.

Results: The majority of the studies stemmed from the United States (19/23, 83%). Mostly, the studies used publicly available
data (“secondary data studies”; 17/23, 74%). A total of 18 studies analyzed the effect of an EMR on the quality of health care
(78%), 16 the effect on the efficiency of health care (70%). The primary data studies achieved a mean score of 4.3 (SD 1.37;
theoretical maximum 10); the secondary data studies a mean score of 7.1 (SD 1.26; theoretical maximum 9). From the primary
data studies, 2 demonstrated a reduction of costs. There was not one study that failed to demonstrate a positive effect on the
quality of health care. Overall, 9/16 respective studies showed a reduction of costs (56%); 14/18 studies showed an increase of
health care quality (78%); the remaining 4 studies missed explicit information about the proposed positive effect.

Conclusions: This review revealed a clear evidence about the value of EMRs. In addition to an awesome majority of economic
advantages, the review also showed improvements in quality of care by all respective studies. The use of secondary data studies
has prevailed over primary data studies in the meantime. Future work could focus on specific aspects of electronic records to
guide their implementation and operation.

(J Med Internet Res 2021;23(12):e26323)   doi:10.2196/26323

KEYWORDS

cost analysis; costs and cost analyses; economic advantage; electronic medical records; electronic records; health care; hospitals;
medical records systems computerized; quality of health care; secondary data
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Introduction

This review is an update of 2 previous literature analyses on
the benefits and costs of electronic medical records (EMRs),
based on articles from 1966 to January 2004 [1] and from 2004
to 2010 [2]. Using the same method, this review explores the
progress in evidence from empirical studies. The World Health
Organization (WHO) has a clear position concerning the
evidence for eHealth in general. Already in 2005, the WHO
noted, “the potential impact that advances in information and
communication technologies could have on health-care
delivery...” [3]. Ten years later, the WHO put this straight by
stating several advantages of electronic health records (EHRs)
in the report of the third global survey on eHealth, which was
produced by the Global Observatory for eHealth [4]:

• EHRs improve the quality, accuracy, and timeliness of
patient information at the point of care.

• EHRs provide insights into health care costs, utilization,
and outcomes.

• EHRs promote quality of care, reduce costs, support patient
mobility, increase reliability of information, and provide
access to patient information to multiple health care
providers.

• Analyses from EHR data can highlight areas of concern
and health services delivery.

The latter is emphasized in the current European digital strategy
for data by creating a common European health data space that
ensures interoperability of health data and in which every citizen
has secure access to his or her EHR [5]. Consequently, many
states adopted these visions and implemented national strategies
for eHealth in general and for the EHR in particular (see [6] for
an overview of Europe or [7] for country profiles from the
Global Observatory for eHealth). In the United States, the
meaningful use of health care information technology (IT) was
fostered by the implementation of EHRs for all citizens until
2014 through the Health Information Technology for Economic
and Clinical Health (HITECH) Act [8,9]. HITECH was
successful, increasing the hospitals’ adoption rate of a basic
EHR from 9.4% in 2008 and 15.6% in 2010 to 97% in 2014
[10]. In Germany, the Patient Data Protection Act “obliges the
public sickness funds to offer their clients an electronic patient
record (EPR) not later than 1 January 2021” [11]. Furthermore,
physician practices and hospitals are requested to support and
to use the EPR based on the legal basis of an informed consent
by the patients. In 2017, half of the German hospitals quoted
the existence of an institutional electronic record similar to the
situation in Austria [12]. Only the Swiss hospitals reported a
higher proportion with 78%, a statistically significant difference
to Germany.

EHRs will offer basic values by providing “the right information
at the right time in the right place” [13]. This aim is achieved
by improving the traditional function of patient records to store
information relevant to the care. However, EHRs should
additionally guide the process of clinical problem solving and
should support clinical decision making [14]. In 1991, the
Institute of Medicine (IOM) listed 4 ways to positively influence
quality of care [14]: (1) improving quality of and access to

clinical data, (2) integrating information over time and settings,
(3) making knowledge available, and (4) providing decision
support. Looking at costs, the IOM expected positive effects in
3 ways: (1) reducing unnecessary tests and services, (2) reducing
administrative costs, and (3) increasing the productivity of health
care professionals.

One might argue that a further discussion about the proposed
value of an EMR is needless because of its nearly complete
implementation. Nobody will vote for a fallback to paper.
However, the implementation does not guarantee a positive
perception by the users. In a recent survey including 208
physicians from 3 Norway hospitals [15], 72% of the physicians
reported interrupted or delayed work at least once a week
because the EHR hangs or crashes, and 53% of the physicians
indicated that the EHR is cumbersome to use and adds to their
workload. These results demonstrate a reasonable room for
improvements, besides noncontroversial advantages that were
reported in the study from Norway. Even if up-to-date health
care cannot be imagined without an EMR, an ongoing evaluation
of its advantages and disadvantages is a prerequisite for a
well-considered further development and adjustment. In our
sequence of literature reviews, we put the ultimate goals of
health care in the middle, to provide a high level of care for
reasonable costs in terms of effectiveness and efficiency [16].
Furthermore, the series of reviews allows a monitoring of the
EMR’s value over time by preserving the criteria for the
selection and the appraisal of the included studies. The research
questions were twofold. What is the effect of EMRs on the
quality of inpatient care? What is the effect of EMRs on the
costs for inpatient care?

Methods

Terminology of Electronic Records in Health Care
Concepts and terms denoting electronic records in health care
are still not unambiguously defined [17]. Differences and
similarities of “electronic medical records,” “electronic patient
records,” and “electronic health records” are a matter of a
long-lasting debate. In our reviews, we focused on electronic
records used by health professionals and administrative staff
for inpatient care, including, for example, physicians, nurses,
radiologists, pharmacists, laboratory technicians, and
radiographers [17]. Those records must not necessarily follow
a patient lifelong. Therefore, we adopted the definition of an
EMR by Waegemann [18]: an EMR is a “computer-stored
collection of health information about a person, linked by a
person identifier”, with the application environment being a
hospital and including any care delivery being the full
responsibility of the health care provider.

Search Strategy
The literature search was performed between March 10, 2019,
and April 2, 2019, using MEDLINE. MEDLINE was accessed
via PubMed [19]. The keyword “Medical Records Systems,
Computerized” from the MeSH was separately combined with
the MESH terms “technology assessment, biomedical”, “costs
and cost analysis”, “health care costs”, “cost savings”, “cost
effectiveness”, “cost benefit”, “cost analysis”, “benefits and
costs”, “quality of health care”, “outcome study”, “outcome
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assessment, patient”, and “critical care outcomes”. Additionally,
January 1, 2010, was defined as the earliest date of publication.
After an exclusion of duplicates, interactive tutorials and
reviews, and a restriction to the languages German and English,
1345 references remained.

Study Selection
Using titles and abstracts, both authors independently reviewed
the 1345 literature references regarding the existence of an
EMR, the application of an EMR in inpatient care, and an
empirical analysis of benefits or costs. Explicitly excluded were
studies in physician offices or about ambulatory care provided

by hospitals, studies about picture archiving and communication
systems, and studies about systems for computerized physician
order entry (CPOE). The rating comprised the categories accept,
refuse, and unclear. References rated as accept/accept and
accept/unclear were qualified, references rated as refuse/refuse
and refuse/unclear were rejected. References rated as
accept/refuse or unclear/unclear were discussed and a final
decision was reached based on a consensus. Herewith, 84
publications were qualified for the further evaluation (6.25%).
From these, full texts of 79 papers could be obtained; for 5
papers, this was not possible. Textbox 1 shows the inclusion
and exclusion criteria of both stages.

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Acute care hospital

• Inpatient care

• Electronic medical record

• Empirical result

• Statement about costs

• Statement about benefits

Exclusion criteria

• Physician office

• Ambulatory care

• Picture archiving and communication system

• System for computerized physician order entry

Both authors again carried out the evaluation of the remaining
79 publications independently. This time, the evaluation was
based on the full texts of the references. Both authors looked
at concrete statements on benefits and costs, and gave a final
recommendation about the inclusion into the review. References
were finally included if they reached 2 or 3 positive votes from
both authors (16/79 references, 20%). References were finally
excluded if neither authors gave at least two positive votes
(43/79 references, 54%). The remaining 20 references were
discussed to reach a consensus about their inclusion for the
review (25% from 79 references). Overall, the selection process

produced 23 relevant studies that ultimately formed the subject
of the detailed analysis, being 1.71% from the initially identified
references (N=1345; Figure 1).

Interrater reliability during study selection was verified by
calculating Cohen κ. In the first evaluation level based on titles
and abstracts, the κ value was 0.185, indicating a slight
agreement between the reviewers according to the interpretation
of Landis and Koch [20] (Table 1). In the second evaluation
level of full texts, the κ value was 0.428, indicating a moderate
agreement. The interrater reliability was comparable to the
previous reviews.
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Figure 1. Selection and review process.

Table 1. Interpretation of κ values [20].

Level of agreementκ value

Poor<0.00

Slight0.00-0.20

Fair0.21-0.40

Moderate0.41-0.60

Substantial0.61-0.80

Almost perfect0.81-1.00

Study Evaluation
For a semiquantitative evaluation of the studies, a catalog of
criteria was drawn up focusing on the study design, the formal
quality of the publication, the number of users included, the
study duration, and the use of statistical tests. Each aspect of a
study was rated 2, 1, or 0 points, with 2 being the best score for
a study. Missing information was rated 0 points. The maximum

number of points that could be achieved was therefore 10. In
addition, the studies were described with regard to their origin,
their application scenarios, and their target values. The approach
proposed by Johnston et al [21] was adopted as basis for the
evaluation method. The definition of the criteria was partly
different between studies collecting primary data and studies
analyzing existing, secondary data. The definition was carried
out as described below.
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Study Design
The assessment of the study design was based on the
classification depicted in Table 2, according to Roine et al [22].
Different types of studies were ranked from 1 to 9 concerning
the evidence hierarchy. The first stage, meta-analyses from
randomized, controlled studies, was not a component of the
inclusion criteria. The remaining study types were combined
into the following 3 groups: randomized controlled studies
(evidence stages 2 and 3); nonrandomized controlled studies

(evidence stages 4, 5, 6, and 7); and uncontrolled clinical series,
descriptive studies, consensus methods, application observations,
and empirical reports (evidence stages 8 and 9). Studies in the
first group received 2 points, studies in the second group 1 point,
and the remaining studies 0 points. According to the proposal
of Nathan and Gorman [23], all secondary data analyses were
assigned to evidence stage 7 of Table 2 and were uniformly
assigned 1 point. Therefore, the maximum number of points
was reduced to 9 for those studies.

Table 2. Classification of study designs [22].

Study designEvidence stage

Meta-analyses of randomized controlled trials1

Large-sample randomized controlled trials2

Small-sample randomized controlled trials3

Nonrandomized controlled prospective studies4

Nonrandomized controlled retrospective trials5

Cohort studies6

Case–control studies7

Noncontrolled clinical series, descriptive studies, consensus methods8

Anecdotes or case reports9

Formal Quality of Publication
The publication should follow the international standard
structure of scientific articles, that is, authors’ names and
affiliations on the title page, abstract, introduction, material and
methods, results, discussion, conclusions, and references. For
a publication in full compliance with this structure, 2 points
were assigned; if the article provided a separate introduction
and an explicit naming of authors and the medical environment,
1 point was assigned; otherwise, 0 points were given.

Number of Users
The number of EMR users can affect the reliability and the
generalizability of the results. Therefore, 2 points were given
for studies based on primary data with 20 or more users, 1 point
for 6-19 users, and 0 points for less than 6 users or if no number
of users was specified. For studies analyzing secondary data,
the number of hospitals included was scored as follows: 2 points
for a hospital number of 2000 and above; 1 point for a hospital
number of 500 to 1999; and no points for a hospital number of
0-499 or missing information.

Implementation Duration
Primary data studies implemented for at least one year received
2 points, 1 point was given for a half to less than 1 year, and 0
points for less than a half year. For the secondary data studies,
the evaluation periods were scored as follows: 2 points were
awarded to a study for an evaluation period of 3 years or longer,
1 point for a period of 1 or 2 years, and no points for an
implementation period of less than 1 year or in case of missing
information.

Statistical Evaluation
Assessment and evaluation of scientific statements gain in
evidential power with inferential statistical statements. Two
points were given for studies reporting the result(s) of statistical
analyses with full information concerning the level of
significance, and 1 point for the description of a statistical test
performed without indication of the level of significance.
Otherwise, 0 point was given.

Results

Origins and Locations of the Studies
The 23 studies selected for the main evaluation [24-46] consisted
of 6 primary and 17 secondary data studies (Table 3). Three (7,
18, and 23) of the 6 primary data studies were conducted in the
United States (Wisconsin, North Carolina, and Massachusetts),
1 study each was conducted in China (21), Germany (3), and
Japan (17). Sixteen secondary data studies originated from the
United States, 1 from the Netherlands.

In the secondary data studies, 15 different data sources were
used to analyze the issues of treatment quality, costs, and EMR
equipment (Table 4). The most frequently used data sources
stemmed from the American Hospital Association (AHA; 19
studies), the Healthcare Information and Management Systems
Society (HIMSS; 11 studies), and the Centers for Medicare &
Medicaid Services (CMS; 9 studies). They were followed by
the Hospital Quality Alliance database (HQA), the National
Database of Nursing Quality Indicators (NDNQI), and the Office
of Statewide Health Planning and Development (OSHPD). The
remaining sources were used only in 1 study.
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Table 3. Characteristics of the included studies.

Main outcomesPeriodSample sizeCountryReferenceStudy
number

EHRa adoption is associated with better perfor-
mance in terms of payment and length of stay in

2 years191 hospitalsUnited
States

Adler-Milstein et al [24]1

well-run institutions. EHR adoption may be asso-
ciated with worse performance in poorly run insti-
tutions.

Degree of EHR adoption is positively correlated
with process adherence, patient satisfaction, and
efficiency.

4 years2591 hospitals (2011)United
States

Adler-Milstein et al [25]2

Small increase in profit in the year after the intro-
duction of the patient data management system.

6 yearsNot indicatedGermanyCastellanos et al [26]3

Presence of clinical decision support is associated
with small quality gains. No relationship between

6 months3049 hospitalsUnited
States

DesRoches et al [27]4

EHR level and overall risk-adjusted length of stay,
risk-adjusted 30-day readmission rates, and risk-
adjusted inpatient costs.

Higher rates of adoption of key EHR functions
among high-quality hospitals.

9 months3101 hospitalsUnited
States

Elnahal et al [28]5

EMRsb do not reduce the rate of patient safety
events. In case of patient safety events, EMRs re-
duce deaths, readmissions, and spending.

1 year2619 hospitalsUnited
States

Encinosa and Bae [29]6

Length of stay increased after implementation of
an electronic documentation. Mean time to dispo-
sition for admitted patients remained stable.

2 yearsNot indicatedUnited
States

Feblowitz et al [30]7

Advanced EMR applications may increase hospi-
tal costs and nurse staffing levels, as well as in-

10 years5066 hospitalsUnited
States

Furukawa et al [31]8

crease complications and decrease mortality for
some conditions.

Nurse-sensitive patient outcomes improved. EMR
implementation may be associated with reduced
demand for nurses.

5 years509 hospitalsUnited
States

Furukawa et al [32]9

Hospital computerization has not achieved savings
on clinical or administrative costs. More comput-

6 years4000 hospitalsUnited
States

Himmelstein et al [33]10

erized hospitals might have a slight quality advan-
tage for some conditions.

Most advanced EHRs have the greatest payoff in
improving clinical process of care scores.

1 year2988 hospitalsUnited
States

Jarvis et al [34]11

Availability of basic EHR is associated with a
significant increase in health care quality for heart
failure.

4 years6057 hospitalsUnited
States

Jones et al [35]12

Patients with stroke are more likely to receive
guideline-driven components of care at hospitals

4 years1236 hospitalsUnited
States

Joynt et al [36]13

with EHRs. Patients are slightly less likely to have
a hospital stay longer than 4 days at hospitals with
EHRs.

In hospitals with advanced EHRs, patient costs
are less compared with hospitals without advanced
EHRs.

1 year1000 hospitalsUnited
States

Kazley et al [37]14

Hospitals adopting EMRs experience shorter
length of stay and lower 30-day mortality.

8 years708 hospitalsUnited
States

Lee et al [38]15

Use of EHRs results in improvements in process-
of-care measures for patients with heart failure or
pneumonia.

4 years3401 hospitalsUnited
States

McCullough et al [39]16

EMR may decrease medical risks, but profitability
does not rise more than the investments.

7 yearsNot indicatedJapanNakagawa et al [40]17
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Main outcomesPeriodSample sizeCountryReferenceStudy
number

Implementation of the EMR is associated with an
improvement in several complications and process
measures.

40 monthsNot indicatedUnited
States

Schenarts et al [41]18

Advanced-stage EMR is associated with greater
costs per case.

1 year2307 hospitalsUnited
States

Teufel et al [42]19

No statistically significant association between a
hospital’s EMR adoption and an overall quality
or safety performance.

1 year67 hospitalsNetherlandsvan Poelgeest et al [43]20

Length of stay declines and mortality rate decreas-
es with EMR. An EMR has no positive effect on
patient costs.

5 years251 physicians and
298,760 patient visits

ChinaXue et al [44]21

Patients at hospitals with full EHR have the lowest
rates of inpatient mortality, readmissions, and
patient safety indicators.

1 year448,767 patientsUnited
States

Yanamadala et al [45]22

Implementation of an inpatient EHR results in a
rapid improvement in measures of cost of care.

Not indicatedNot indicatedUnited
States

Zlabek et al [46]23

aEHR: electronic health record.
bEMR: electronic medical record.
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Table 4. Sources used by the secondary data studies.

Source (included years)Study
number

OtherElectronic medical recordCostsQuality

World Management Survey
(2009)

AHA IT Supplement (2009)AHA (2009)AHAa (2009)1

AHA annual survey (2008-
2011)

AHA IT Supplement (2008-2011)

CMS’ EHR Incentive Program reports
(2009-2012)

CMS’EHRc Incentive Program
reports (2009-2012)

AHA (2009-2012) CMS’sb

Hospital Compare (2009-
2012)

2

AHA IT Supplement (2008)AHA (2008) Medicare Provider
Analysis and Review (2006)

AHA (2008)

HQAd database (2009)

4

AHA IT Supplement (2009)HQA database (2006)5

AHA (2007)MarketScan Commercial
Claims and Encounter Database
(2007)

AHA (2007)

MarketScan Commercial
Claims and Encounter
Database (2007)

AHA (2007)

6

OSHPD (1998-2007)HIMSSf (1998-2007)OSHPD (1998-2007)OSHPDe (1998-2007)8

HIMSS (2004-2008)NDNQI (2004-2008)NDNQIg (2004-2008)9

HIMSS (2003-2007)The Medicare Cost ReportsDartmouth Health Atlas
(2008)

10

HIMSS (2012?)CMSAHA (2008-2010)11

HIMSS (2003-2006)AHA (2004-2007)12

GWTG-Strokeh (2007-2010), linked with
the AHA annual survey

AHA (2007-2010)AHA (2007-2010)13

HIMSS (2009)NISi (2009)14

HIMSS (2000-2007)MEDPARj (2000-2007)15

HIMSS (2004-2007)CMS (2004-2007)AHA (2004-2007)16

HIMSS (2009)HCUP KIDk (2009)19

EMRAM (2014)EMRAMl (2014)20

AHA annual survey (2008, 2011)HCUP, SIDm (2011)22

aAHA: American Hospital Association.
bCMS: Centers for Medicare & Medicaid Services.
cEHR: electronic health record.
dHQA: Hospital Quality Alliance database.
eOSHPD: Office of Statewide Health Planning and Development.
fHIMSS: Healthcare Information and Management Systems Society.
gNDNQI: National Database of Nursing Quality Indicators.
hGWTG-Stroke: Get With the Guidelines-Stroke.
iNIS: nursing information system.
jMEDPAR: Medicare Provider Analysis and Review
kHCUP KID: Healthcare Cost and Utilization Project Kids Inpatient Data.
lEMRAM: HIMSS Analytics EMR Adoption Model.
mSID: State Inpatient Databases.

Methodical Quality
The results of the semiqualitative assessment are presented in
Table 5 and Multimedia Appendix 1. In the evaluation of the
primary data studies, 2 (18 and 21) publications achieved a
score of 6 points, 3 (3, 7, and 17) scored 4, and 1 (23) achieved

only 2 points. No primary data study scored 0, 1, 3, 5, and 7-10
points. While in the secondary data studies 2 papers (2 and 10)
achieved the maximal score of 9 points, another 4 (9, 13, 15,
and 16) scored 8, 7 (4-6, 8, 11, 12, and 19) scored 7, 2 (1 and
14) scored 6, 1 (22) scored 5, and 1 (20) scored 4. No secondary
data study scored 0-3 and 10 points. A total of 18 of the 23

J Med Internet Res 2021 | vol. 23 | iss. 12 | e26323 | p.166https://www.jmir.org/2021/12/e26323
(page number not for citation purposes)

Uslu & StausbergJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


studies scored 5 and more points (78%), while 5 remained below
this score (22%). Only 2/6 (33%) primary data studies achieved
5 points or more. By contrast, 16/17 (94%) secondary data
studies achieved a score of 5 points or more.

Two (1 and 19) of the primary data studies were randomized
controlled trials; one (4) was a nonrandomized controlled trial;
the remaining 3 belonged to a lower evidence stage. By
definition, the 17 secondary studies were all assigned to
evidence level 7. Fifteen (1-6, 9-11, 13-16, 19, and 20) studies
followed the internationally accepted structure of scientific
articles. The remaining 8 studies (7, 8, 12, 17, 18, and 21-23)
lacked any formal structure.

Three (17, 18, and 21) of the 6 primary data studies had a user
population of at least 20 or more. The remaining three (3, 7,

and 23) did not provide any information. Five (3, 7, 17, 18, and
21) primary data studies had an implementation period of at
least one year, 1 (23) less than 6 months. Eleven (2, 4-6, 8,
10-12, 16, 19, and 22) of the 17 secondary studies included at
least 2000 hospitals, 4 (9, 13-15) 500 to less than 2000 hospitals,
and 2 (1 and 20) less than 500 hospitals. Eight (2, 8-10, 12, 13,
15, and 16) of the secondary data studies analyzed data from at
least three years, 1 (1) from 1 or 2 years, and 8 (4-6, 11, 14, 19,
20 and 22) from less than 1 year.

Nineteen (1, 2, 4-15, 18, 19, and 21-23) of the 23 studies
supported the value of their results by statistical tests with full
information on the level of significance. Two (16 and 20) studies
stated that they had performed statistical tests but did not name
them, and 2 (3 and 17) studies did not provide any information
on them.

Table 5. Final score and conclusions of the included studies.

Improvement in quality of careCost reductionFinal scoreData sourceReferenceStudy number

ppb6SaAdler-Milstein et al [24]1

pp9SAdler-Milstein et al [25]2

n.a.dp4PcCastellanos et al [26]3

xen7SDesRoches et al [27]4

pn.a.7SElnahal et al [28]5

pp7SEncinosa and Bae [29]6

xnf4PFeblowitz et al [30]7

pn7SFurukawa et al [31]8

pp8SFurukawa et al [32]9

xn9SHimmelstein et al [33]10

pn.a.7SJarvis et al [34]11

pn.a.7SJones et al [35]12

pp8SJoynt et al [36]13

n.a.p6SKazley et al [37]14

pp8SLee et al [38]15

pn.a.8SMcCullough et al [39]16

n.a.n4PNakagawa et al [40]17

pn.a.6PSchenarts et al [41]18

n.a.n7STeufel et al [42]19

xn.a.4Svan Poelgeest et al [43]20

pn6PXue et al [44]21

pn.a.5SYanamadala et al [45]22

n.a.p2PZlabek et al [46]23

aS: secondary data studies.
bp: positive effect.
cP: primary data studies.
dn.a.: not assessed.
ex: positive effect without specific information.
fn: no positive effect.
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Main Subjects
A total of 5 out of the 23 studies (3, 14, 17, 19, and 23) dealt
solely with economic aspects of the use of an EMR, 7 (5, 11,
12, 16, 18, 20, and 22) dealt solely with the effects on the quality
of care, and 11 studies (1, 2, 4, 6-10, 13, 15, and 21) dealt with
both aspects (Tables 3 and 4). Primary data studies and
secondary data studies were found in all groups. While 9 (39%)
of the 23 studies (1-3, 6, 9, 13-15, and 23) showed an
economically positive impact, 7 (30%) (4, 7, 8, 10, 17, 19, and
21) did not reveal monetary advantages due to the use of the
EMR. Eighteen studies (1, 2, 4-13, 15, 16, 18, 20-22) looked
at the impact of the use of an EMR on the quality of care. All
of them (18/23 studies, 78%) found a positive effect. However,
4 (4, 7, 10, and 20) did not provide specific information about
it. No study indicated evidence of disadvantages in the quality
of treatment from the use of an EMR. Primary data studies and
secondary data studies showed similar results.

One of the striking studies, Zlabek et al [46] looked at the effects
of an EMR system on selected measures of cost of care and
patient safety. They demonstrated the following outcomes
(means and % change):

• Laboratory tests per week per hospitalization decreased
from 13.9 to 11.4 (18).

• Radiology examinations per hospitalization decreased from
2.06 to 1.93 (6.3).

• Monthly transcription costs declined from US $74,596 to
US $18,938 (74.6).

• Numbers of copy paper ordered per month decreased from
1668 to 1224 (26.6).

• Medication errors per 1000 hospital days decreased from
17.9 to 15.4 (14.0), while near misses per 1000 hospital
days increased from 9.0 to 12.5 (38.9), and the percentage
of medication events that were medication errors decreased
from 66.5% to 55.2%.

In a national study about hospital computing and the costs and
quality of care, Himmelstein et al [33] analyzed whether highly
computerized hospitals had lower costs of care or administration,
or better quality. They acquired the following outcomes in their
work:

• Higher overall computerization scores correlated weakly
with better quality scores for acute myocardial infarction,
but not for heart failure, pneumonia, or the 3 conditions
combined. In multivariate analyses, more computerized
hospitals had a slightly better quality.

• Hospitals on the “Most Wired” list performed not better
than others on quality, costs, or administrative costs.

• Hospitals’ administrative costs increased slightly but
steadily, from 24.4% in 2003 to 24.9% in 2007. Higher
administrative costs weakly predicted higher total Medicare
spending, inpatient spending, and outpatient spending.

According to the study performed by Encinosa and Bae [29],
many reforms in the Patient Protection and Affordable Care
Act (ACA) underlie the use of EMRs to help contain costs. In
this regard, the authors found that EMRs do not reduce the rate
of patient safety events. However, once an event occurs, EMRs
reduce death by 34%, readmissions by 39%, and spending by

US $4850 (16%), a cost offset of US $1.75 per US $1 spent on
IT capital. Thus, the authors concluded that EMRs contain costs
by better coordinating care, a coordination that rescues patients
from medical errors once they occur.

The study by Castellanos et al [26] analyzed cost and
reimbursement data from a 25-bed intensive care unit at a
German university hospital in a retrospective analysis, 3 years
before and 3 years after the implementation of a patient data
management system (PDMS). Costs and revenues increased
continuously over the years. The profit of the investigated
intensive care unit was fluctuating over the years and seemingly
depending on other factors as well. They found a small increase
in profit in the year after the introduction of the PDMS, but not
in the following years. Therefore, a clear evidence for cost
savings after the introduction of PDMS was not seen.

Discussion

Principal Findings
This review is an update of 2 previous analyses on the benefits
and costs of EMRs, based on articles from 1966 to January 2004
[1] and 2004 to 2010 [2]. Using the same method, this review
explored the progress in evidence from empirical studies. With
a total of 19 of the 23 publications selected for evaluation (83%),
studies from the United States dominated. Of the remaining 4
studies, 2 were conducted in Europe. Asia was represented by
1 Chinese and Japanese study each. South America, Africa, and
Australia were not represented at all. Results of our reviews
over the 3 periods showed a number of significant developments
(Table 6). For example, the total number of initial hits had
almost doubled. While the number of studies relevant to the
evaluation remained more or less the same for the first and the
current review, the second review produced almost one-third
fewer studies. Remarkable in the current review was the
predominant use of secondary data studies compared with
primary data studies. In this context, highlighting the differences
between primary and secondary studies should help to better
assess the conclusions drawn from the results. While the primary
data studies collected new and yet unexplored data, the
secondary data studies used statistical processing of already
existing data. In general, secondary data studies do not reach
the evidence level of meta-analyses comprising also already
existing but initially primary data. The most important advantage
of primary data studies is that data can be collected and
statistically evaluated in a targeted and problem-oriented
manner. Their disadvantage is that specific surveys of patient
data are often time-consuming and expensive compared with
secondary data studies. Furthermore, in case of complex
interventions, as it is the case for EMRs, primary data studies
are often not feasible [47]. The advantage of secondary data
studies is that comparatively few resources are required to
prepare them. Their disadvantage is that the data were not
collected specifically to answer the research questions as part
of a specifically designed study design.

The annual number of studies on EMRs showed a continuous
increase over our 3 review periods (Table 6). The same was
true for the annual number of finally included studies. The
methodological quality of the studies changed as well. While
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only 35% of the studies scored more than 5 points in the first
review (7/20), 74% of the studies scored more than 5 points in
the third review (17/23). Among the finally included studies in
the first review, costs were analyzed in 100% of the publications
(20/20), with only 20% also focusing on quality of care (4/20).
In the second review, both aspects were analyzed in 71% of the
publications (5/7). In this review, costs were analyzed in 70%
of the publications (16/23), quality of care in 78% (18/23).

The comparison of the 3 periods revealed a twofold shift. On
the one hand, the studies’ focus switched from an economical
one to a clinical one. The percentage of studies concerned solely
with costs decreased from 80% (16/20, 1966-2004) to 14% (1/7,
2002-2010) and 22% (5/23, 2010-2019). On the other hand, the
positive effects of EMRs on quality of care became apparent

over time. In the first review, none of the 4 studies concerned
with quality of care presented well-defined advantages. In this
review, this was the case in 14 of 18 studies analyzing the effects
of EMRs on quality of care. The reasons for this shift remain
speculative. The focus of EMRs might have changed from an
administrative one to a patient-oriented one. Technological
progress could have helped to achieve the clinical benefits that
were an important motivator for the introduction of EMRs even
in the early years [48]. In 1997, it was reported that costs
remained a significant barrier for EHRs [49]. Now, experiences
concerning the introduction, implementation, and an
accompanying change management might have better prepared
hospitals for the harvesting of clinical benefits and
simultaneously for the limiting of additional costs.

Table 6. Number of studies considered for the reviews.

Finally included studies
per year, mean

Finally included studies,
n

First selection,
n

Hits per
year, mean

Hits without duplicates, nYears, nReview

0.52011715.558838First (1966-2004)

1.276496.35786Second (2004-2010)

2.62384149.413459This (2010-2019)

Limitations
The reliability between the 2 authors in selecting the papers was
slight in the first phase (κ=0.185) and moderate in the second
phase (κ=0.428). Both results were nearly equal compared with
the 2 previous reviews, first phase 0.26 (review 1) and 0.192
(review 2), second phase 0.36 (review 1) and 0.399 (review 2).
Unfortunately, measures of interrater reliability are usually not
presented in systematic reviews. We assume that our results are
not inferior in comparison to comparable reviews. The
agreement was high in excluding references that do not fulfill
the inclusion criteria. Differences occur in the detection of
appropriate studies. To avoid the exclusion of false negatives,
contrary votes and unclear votes were dissolved in a consensus.
However, the extraction of the papers’ main conclusions was a
complex process. Misunderstandings and errors in this process
cannot be completely ruled out. For example, authors’
conclusions summarized in a paper’s abstract could differ from
individual results found in the paper’s main text. The results of
univariate and multivariate analyses may not agree and positive
effects in one medical condition could be absent in another
condition. Therefore, the review’s rating is a pragmatical
compromise to reach a meaningful conclusion.

The authors kept the EMR as type of intervention for all 3
reviews and attached great importance to an unaltered approach.
This allowed the comparison of results over the whole series
of reviews. The decision to maintain the focus on the EMR
might be questioned because the literature addresses many
different levels of IT used in hospitals. The results are therefore
neither tailorable to more detailed types of IT providing only
selective functionalities as CPOE nor generalizable to lifelong
EPRs or to health information and communication technology
overall. Nevertheless, through the clear and persistent focus,
the authors gained reliable and valid conclusions beyond
transitory trends and fashions.

Furthermore, the series maintained the same set of keywords.
The authors could not rule out that newer functionalities of
EMRs are not appropriately covered by this set. However, even
then, the striking results supporting an indisputable positive
effect of EMRs would be an underestimation of the actual
situation. It is unlikely that newer functionalities decline the
effects of EMRs on quality of care.

The detected studies represent primarily the perspectives of the
United States and developed countries. Developed countries
have the economic power to implement EMRs and to realize
respective evaluation studies. This will not be the case for
developing countries. However, the perspective for developing
countries is similar. For example, Odekunle et al [50] reported
for Sub-Saharan Africa the same vision as it was uncovered in
our review. EHRs will improve quality of care in Sub-Saharan
Africa, but high costs of procurement and maintenance of the
EHR system hindered their widespread adoption until now.

Comparison With Prior Work
In 1963 the then American President, John F. Kennedy, was
pointed to the potential of health record systems: “The
application of computer technology to the recording, storage,
and analysis of data collected in the course of observing and
treating large numbers of ill people promises to advance our
understanding of the cause, course, and control of disease” [51].
Forty-five years later, another American President (in 2009)
proposed a fundamental change to the use of IT in the national
health care system by passing the HITECH Act [52]. Besides
other regulations, each person in the United States should have
an EHR by 2014 [53]. With the idea of a meaningful use, health
care providers and hospitals should be rewarded for using an
EHR under the Medicare and Medicaid schedule. The time gap
between expectations and routine application makes it clear that
the proposed advantages were neither easy to demonstrate nor
easy to achieve [54]. Even a proposal in 1991 for a nationwide
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implementation of electronic records in the next decade failed
[14]. Whether an evaluation of a technology in one country
could be transferred to another one remains questionable,
considering different health care systems and different strategies
implemented with regard to the digitization of health care [55].

Our result of the positive impact of EMRs on the quality of care
is supported by a systematic review by Campanella et al [56].
Their meta-analysis of 47 studies revealed a reduction of
documentation time, a higher guideline adherence, and a lower
number of medication errors and adverse drug events in the
intervention group using an EHR. However, no association with
mortality was found. Different to our review, the authors
included studies on CPOE and did not focus on a specific area.
The effect on mortality might be too small to be statistically
significant even in a meta-analysis. Therefore, the inclusion of
secondary data studies in our review series was reasonable.
Thompson et al [57] also did not find a positive impact of EMRs
on mortality. Besides, they did not find a positive impact on
length of stay and costs. Their results were similar for record
systems, CPOE, clinical decision support systems (CDSSs),
and surveillance systems. In contrast to our results, Thompson
et al [57] concluded that there “is not enough evidence to
confidently state that electronic interventions have the ability
to achieve the goal of improving quality and safety”. Moja et
al [58] also did not find effects of CDSSs on mortality in their
meta-analysis based on 16 randomized controlled trials [58].
The authors stated, “most of the studies were underpowered
and too short to prove or exclude an effect on mortality, and
effects as large as a 25% increase or reduction could still be
possible.” In this day and age, where digitization is anywhere,
it could become difficult to fill this gap with randomized
controlled trials about EMRs using an appropriate control group.
Besides secondary data analyses, ecological analysis might be
worthwhile, even though the risk of an ecological fallacy exists
[59]. With regard to CPOE as another subfunctionality of an
EMR, Page et al [60] analyzed the evidence concerning a
positive impact of quality of care. Defining a period overlapping
with our study, 2000-2016, they included 23 studies with a
control group. About half of the studies reported beneficial
effects. However, the authors did not clearly distinguish between
the effects of medication prescribing alerts as intervention and
CPOE systems as infrastructure.

In summary, the impact of EMR subfunctionalities remains
unclear in the literature. At a level beyond electronic records,
the impact of health information exchange (HIE) as “the
electronic transfer of patient data and health information
between health care providers” is discussed [61]. Having EMRs
as the condition, the exchange of data via HIE might bring the
breakthrough in terms of quality of care and cost reduction. In
their recent review, Sadoughi et al [62] considered 32 studies
published between 2005 and 2016 that analyzed the financial
or clinical impact of HIE. In that review, studies on EMRs were
explicitly excluded. The majority of the studies were conducted

in the United States (28/32), which is similar to our results.
Furthermore, 19 studies were labeled as cohort studies,
supporting our observation of a rather small number of
controlled trials. Nearly all studies analyzing an improvement
of quality showed a positive impact (16/17, 94%); 15/19 (79%)
respective studies showed a positive effect on cost-effectiveness.
With a similar span, these results from Sadoughi et al [62] match
our review, with 78% of studies demonstrating an increase in
quality of care and 56% demonstrating a reduction of costs.
Contrary to a review including studies between 2003 and 2014
[63], Sadoughi et al [62] revealed a considerable progress in
the use of HIE.

However, the advantages of EMRs have to be balanced with
risks that are linked to IT not necessarily considered in
evaluation studies. The relationship between the level of
digitization and effects on quality and costs of care must not be
linear. Higher levels of digitization might be correlated with
higher risks that could lead to a reversion of the effect, as
indicated by a study about the HITECH Act [64]. Therefore, it
might be worthwhile to focus on the appropriate level of health
IT instead of looking for global effects. Furthermore, the type
of technology might not make the difference but rather the
usability of the technology. For example, Roman et al [65]
analyzed navigation-related issues in the field of EHRs. A lack
in usability could induce risks for health care that lower the
provided level of care. Finally, one should not forget that
software, hardware, or electrical power supply can fail or can
be a target for criminal attacks [66]. An overall perspective on
the value of EMRs must therefore include a broader definition
of assets and drawbacks.

Conclusions
Our literature review revealed a clear evidence about the value
of EMRs. Only some primary data studies failed to demonstrate
a reduction of costs after the implementation of an EMR. Quality
of care improved in all respective studies. In comparison with
our first review covering the period between 1996 and 2004,
the picture changed completely. At that point, only 4 of 20
studies published benefits for the quality of care and 19 reported
a reduction of costs. In parallel with the appearance of the first
secondary data studies, the proportions turned around in the
second review from 2004 to 2010. Interestingly, the positive
effects on costs could not be completely confirmed by primary
data studies now. To promote an extended use of EMRs, there
must be a financial refund of additional costs, given the current
scientific evidence. The switch from interventional studies to
observational studies using publicly available data might have
induced a bias in confirming everyday perceptions about
electronic records in health care. Broader and better designed
studies are needed to establish better scientific evidence
regarding benefits of EMRs in hospital care. Nevertheless,
further studies could focus on specific aspects of electronic
records to guide their implementation and operation.
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Abstract

Background: Patient and public involvement (PPI) in research aims to increase the quality and relevance of research by
incorporating the perspective of those ultimately affected by the research. Despite these potential benefits, PPI is rarely included
in epidemiology protocols.

Objective: The aim of this study is to provide an overview of methods used for PPI and offer practical recommendations for
its efficient implementation in epidemiological research.

Methods: We conducted a review on PPI methods. We mirrored it with a patient advocate’s viewpoint about PPI. We then
identified key steps to optimize PPI in epidemiological research based on our review and the viewpoint of the patient advocate,
taking into account the identification of barriers to, and facilitators of, PPI. From these, we provided practical recommendations
to launch a patient-centered cohort study. We used the implementation of a new digital cohort study as an exemplary use case.

Results: We analyzed data from 97 studies, of which 58 (60%) were performed in the United Kingdom. The most common
methods were workshops (47/97, 48%); surveys (33/97, 34%); meetings, events, or conferences (28/97, 29%); focus groups
(25/97, 26%); interviews (23/97, 24%); consensus techniques (8/97, 8%); James Lind Alliance consensus technique (7/97, 7%);
social media analysis (6/97, 6%); and experience-based co-design (3/97, 3%). The viewpoint of a patient advocate showed a
strong interest in participating in research. The most usual PPI modalities were research ideas (60/97, 62%), co-design (42/97,
43%), defining priorities (31/97, 32%), and participation in data analysis (25/97, 26%). We identified 9 general recommendations
and 32 key PPI-related steps that can serve as guidelines to increase the relevance of epidemiological studies.

Conclusions: PPI is a project within a project that contributes to improving knowledge and increasing the relevance of research.
PPI methods are mainly used for idea generation. On the basis of our review and case study, we recommend that PPI be included
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at an early stage and throughout the research cycle and that methods be combined for generation of new ideas. For e-cohorts, the
use of digital tools is essential to scale up PPI. We encourage investigators to rely on our practical recommendations to extend
PPI in future epidemiological studies.

(J Med Internet Res 2021;23(12):e25743)   doi:10.2196/25743

KEYWORDS

patient and public involvement; workshops; surveys; focus groups; co-design; digital cohort study; digital epidemiology; social
media; mobile phone

Introduction

Background
Patient and public involvement (PPI) in research is defined as
“research being carried out ‘with’or ‘by’members of the public
rather than ‘to,’ ‘about,’ or ‘for’ them” [1]. PPI means that
patients or the public are actively involved in the research
process rather than being included only as participants. Public
engagement is the 2-way process of engagement activities that
benefits both the researcher and the public [2].

Research that involves patients and the public can reduce the
mismatch between what matters to patients and what is actually
being done in the research [3]. A waste of research resources
can be generated when the needs of those likely to use the
research results, such as patients and caregivers, are not taken
into account [4]. PPI can contribute to the identification and
selection of high-priority research questions, planning and
performing of more focused research, and improvement of
participants’ enrollment in clinical trials [5]. Ultimately, this
can result in a higher societal benefit through better use of
resources for research. PPI improves the quality of the study
and makes research more relevant [6].

Involve, a UK-funded program, aims to improve the quality of
research through the integration of PPI throughout the research
cycle (identification and prioritization, commissioning, design
and management, implementation, dissemination,
implementation, and evaluation). Involve has published a report
with guidelines to help researchers start new projects when they
intend to include PPI in their projects [7].

Digital epidemiology has the same objectives as epidemiology,
which are the observation of disease patterns, their evolution,
and the causes of these patterns to improve population health
and prevent diseases, but digital epidemiology uses digital data
[8]. A digital or e-cohort study can integrate data that were not
generated for the research (social media and registries) or were
generated with digital tools (wearables, sensors, smartphone
technologies, and e-questionnaires through web platforms) [9].
Before starting any epidemiological, clinical, or
population-based study, researchers need to choose the best
methodology to incorporate PPI throughout the project [10].
However, although there are approaches to integrate PPI in a
research project, we think that there are no clear
recommendations of which methods are the most appropriate,
in particular with respect to the launch of cohort studies with
digital sources of data.

Although PPI is recommended in research projects, this
involvement is often not described or is incompletely reported

[11]. A reason for underreporting may be to avoid describing
an unsuccessful PPI attempt or that there was no involvement
[12]. In addition, there is some evidence that PPI is seldom used
in many countries [13]. In the case of cohort studies and, in
particular, e-cohorts, we believe that this insufficient
involvement may be due to a lack of knowledge of the methods,
barriers, or facilitators to apply PPI. In addition, we think that
there is a need to have concrete and clear examples for applying
PPI in this type of study.

Objectives
The aims of this study are to (1) review methodologies used to
include PPI in research, (2) provide the viewpoint of a final user
of research results, and (3) provide practical guidelines and
recommendations about how to initiate and run an e-cohort
study with PPI based on the review and the point of view of a
patient advocate.

Methods

This work entails 3 parts: a narrative review about methodology
and description of PPI, a viewpoint of a patient advocate, and
a case study with practical guidelines and recommendations,
illustrated by the implementation of a digital cohort study.

Review
Data for this review were identified by searches of PubMed,
Google Scholar, targeted websites about PPI, reports, and
existing PPI guidelines, as well as Google Search and references
from relevant studies. We used the following search terms:
“patient and public participation,” “patient engagement,”
“patient involvement,” “consumer involvement,” “community
involvement,” “participatory health research,” “community
based research,” “research ideas,” “co-writing,” “coproduction,”
“co-design,” “cohort study,” “e-cohort,” and “longitudinal
study.” We included original studies describing PPI methods
using the Involve definition with at least one type of PPI in the
study. We included information on studies published in English
from 2000 to the present.

Viewpoint of a Patient Advocate
We used relevant definitions from the European Patients’
Academy on Therapeutic Innovation for patients. We defined
patients as individuals with personal experience of the disease,
caregivers as individuals supporting a patient, and patient
advocates as individuals representing large numbers of patients
with a specific disease [14].

We invited a patient advocate to present her perspective and
expectations regarding PPI in the context of diabetes research
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and the use of digital tools and, in particular, the use of social
media.

Recommendations
We integrated the results of the review and the patient
advocate’s viewpoint to identify practical guidelines on how to
increase PPI in future epidemiological studies. We used the
implementation of a digital cohort study as an exemplary case
for testing and illustrating established guidelines for PPI [15].
In addition, we integrated in our recommendations the revised
version of Guidance for Reporting Involvement of Patients and
the Public (GRIPP2) checklist as an instrument to improve the
quality of PPI reporting [16].

This study was based on a collaboration of patients and
researchers. A patient advocate (RS), patient researchers (TS
and TB), and researchers (GAA, CG, AF, VTT, PR, LH, and
GF) were involved in the preparation of the manuscript
(cowriting, editing, and critical review).

Results

Review of PPI Methods
We analyzed data from 97 studies published from 2000 to 2020.
The studies were performed in 9 countries: the United Kingdom
(58/97, 60%), Canada (13/97, 13%), the United States (8/97,
8%), Australia (6/97, 6%), Ireland (6/97, 6%), Denmark (2/97,
2%), France (1/97, 1%), Portugal (1/97, 1%), Indonesia (1/97,
1%), and the United Kingdom and Australia (1/97, 1%). The
most frequent methods of PPI were workshops (47/97, 48%);
surveys (33/97, 34%); meetings, events, or conferences (28/97,
29%); focus groups (25/97, 26%); interviews (23/97, 24%);
consensus techniques (8/97, 8%); James Lind Alliance
consensus technique (7/97, 7%); social media analysis (6/97,
6%); and experience-based co-design (3/97, 3%). Of the 97
studies, 34 (35%) used only 1 method, whereas 30 (31%), 22
(23%), 8 (8%), and 3 (3%) used 2, 3, 4, and 5 methods,
respectively. The use of ≥3 methods together was observed from
2017 onwards (Figure 1 and Multimedia Appendix 1 [17-114]).

Figure 1. Number of fields or areas (ie, 1 field=involved in research ideas and 2 fields=research ideas and co-design) in which patients, carers, or the
public were involved (y-axis); number of methods (circles); and countries (colors) where the studies were performed from 2000 to 2020 (x-axis). Patient
and public involvement increases over time and at different stages of involvement. The size of each circle represents the number of methods used for
patient and public involvement. Circles representing a combination of methods are very common in recently published studies. The most represented
country is the United Kingdom.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e25743 | p.177https://www.jmir.org/2021/12/e25743
(page number not for citation purposes)

Aguayo et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Format of Involvement

Broad Definition of PPI Used
When considering methods of approaching PPI, 2 situations
should be distinguished. The first situation is where patients or
the public provide data on ideas or research priorities. The
second situation is where patients or the public are actively
involved in decisions about the research and perform or
collaborate in the design, data analysis, data interpretation,
writing, or diffusion of results. For this review, we used a broad
definition of PPI that includes both situations: patients or the
public involved in generating research ideas and patients or the
public actively involved in the research cycle [115].

Workshops
We found that the most frequent method for approaching PPI
was a workshop. Workshops are group activities where
participants discuss a defined topic and decide actions. There
are different ways of organizing a workshop. The first way is
to organize it always in the same place and at the same hour.
Morris et al [116] emphasized the importance of having enough
space and time for the discussion. In addition, the number of
participants by workshop or by discussion group may be limited.
Mackintosh et al [17] proposed separate groups of users and
service providers of 3-4 people. In contrast, Kelemen et al [18]
organized full-day workshops with 20 to 25 participants of
different origins and ages and divided into 2 groups randomly
assigned. Patients prefer places with quiet rooms and parking
lots, with meeting and meal times that allow them to participate
and manage their medications [19]. An alternative to a workshop
held at a specific location is to organize mobile workshops to
facilitate the participation of people with busy schedules or
mobility issues. Eccles et al [20] organized this type of workshop
with a maximum of 10 participants and a short duration (30
minutes). These workshops were usually offered on the sites of
existing organizations, which improved the success rate [20].
When face-to-face workshops are not possible, a workshop by
videoconference can be organized [21]. Workshops can also be
organized as consensus meetings [15,22], with a second-round
workshop [117] or by applying other techniques to improve
explicit involvement, such as experience-based co-design [23].
Workshops are usually analyzed with qualitative research
methods such as thematic analysis [118] (Multimedia Appendix
1).

Surveys
Surveys aim to obtain information in an easy, individual, and
feasible way. They can include open-ended questions. For
example, a citizen science study asked participants the magic
wand question (“If you had a magic wand, what would you
change in your healthcare?”) [24]. Surveys can also include
closed-ended questions. Little et al [25] performed a study to
identify patients’preferences for a patient-centered consultation
using Likert scale questions that were previously tested and
validated in a pilot study. To respond to a survey, patients and
the public could be contacted in person [25], through a
web-based survey [119], or by telephone [120]. Several studies
included a second round of questions for improving ideas or
establishing priorities [26,121].

Focus Groups
Focus groups are group activities, a form of qualitative research
that includes people with certain similarities such as a
therapeutic area or illness or demographic or socioeconomic
group to discuss their opinions and beliefs about a topic familiar
to the participants [27]. An advantage of focus groups is the
potential to obtain multiple opinions and different
understandings of the same question, which can enrich
explanations for a certain issue. A disadvantage is that focus
groups require a trained interviewer to conduct them, and
interaction among participants can influence the outcome [122].

Meetings
Meetings are group activities where patients, carers, caregivers,
and researchers participate in the project discussing and
co-organizing activities for PPI [15]. They are complementary
to workshops or focus groups and are also used to prepare these
activities and to debrief methods or actions for PPI [28].
Meetings can be organized as festivals and public events,
conferences [29], or web-based activities [30].

Semistructured Interviews
Semistructured interviews are a qualitative research method
where the researcher discusses a defined topic individually and
informally with the participant [123]. Using this method,
nonresponse or direct behavioral observations, individual
reflections on a specific research question, can be incorporated
as outcomes; the advantage is that the participant is not
influenced by other persons [124,125].

Consensus Techniques
Consensus techniques analyze a project’s chances of success
by bringing together a group of experts at a workshop, meeting,
or conference to discuss solutions and reach agreements [31].
James Lind Alliance is a consensus technique bringing
clinicians, patients, carers, and the public together to achieve
the convergence of opinions for establishing research priorities.
The process starts with a web-based survey to collect research
ideas from the public. Next, only unanswered research questions
are selected. With a second web-based survey, the public
prioritizes the selected questions. At the end of the process, the
steering committee chooses the top 10 research priorities [126].

Persona-Scenario
Persona-scenario is a method for co-design in PPI where a
fictitious user (persona) is created to communicate in a
committed manner. Next, a scenario is proposed based on a
story with an actor (the persona), a framework, a goal, actions
to reach this goal, and obstacles. Participants can be asked to
evaluate the extent to which they agree with the choice of the
persona or what they would do if they were in the situation of
the persona. This distancing—giving advice about someone
else’s choice rather than answering for yourself—can help
address sensitive themes [23,32].

Experience-Based Co-design
Experience-based co-design is a technique using narratives,
usually video recorded, that allows patients and researchers to
work in partnership to co-design new services and technology
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with the objective of improving the quality of health services.
This technique has been applied with success for fostering PPI
[33-36].

Digital Methods to Promote PPI
Digital methods can be enablers of PPI, and the public can help
modulate and develop digital technology [127]. Dedicated
websites can enhance PPI not only by providing information,
but also by organizing PPI itself. An example is the use of a
webpage to organize a patient-led research hub. This is an
initiative aimed at making patients and the public leaders of
their own research projects. The researchers assist and support
the patients and the public who proposed projects [37].

Crowdsourcing is a method by which many people are engaged
on the web for a common goal such as obtaining new ideas and
analyzing data. The main advantage is that it is possible to have
a large number of contributors in a very short time [128].
However, because crowdsourcing participants are generally
younger than participants from traditional nonweb-based
procedures, these participants are not always representative of
the target population [129].

Social media analysis is the use of digital data from social
networks for epidemiological purposes. This information
increases knowledge about epidemiological trends and may be
very different from information obtained by traditional methods
[130]. Social network data sources can be used, for example,
to obtain information about the patient’s research priorities [38].
This often generates large quantities of data and can offer the

opportunity to use special techniques such as natural language
processing for the analysis [131].

Web-based platforms are internet services where the public and
innovators meet and can be created for allowing coworking
[132]. Vasilica et al [39] reported creating a web-based network
to co-design a social media–based platform with the aim of
generating information to improve disease outcomes [39]. In
addition, web-based platforms through a web-based voting
system have been used for establishing research priorities [133].

Fields of Involvement
We found that many studies (60/97, 62%) involved patients and
the public for generation of new ideas. Patients or the public
contributed also in coproduction, co-design, or study scope
(42/97, 43%) and in establishing research priorities (31/97,
32%). Other forms of PPI included participation in data analysis
(25/97, 26%), as coauthors of a scientific article (17/97, 18%),
as members of a steering committee or advisory group (16/97,
16%), reviewing or writing protocols (14/97, 14%), in the
interpretation of results (12/97, 12%), in the dissemination of
results and advocacy (11/97, 11%), in the data collection (9/97,
9%), in the development of the recruitment strategy (7/97, 7%),
as a project manager (4/97, 4%), and being coinvestigator or
having patient- or public-led projects (2/97, 2%). We found
only 1 study where patients were involved in the co-design of
mobile health tools (1/97, 1%). Finally, recent studies reported
an early PPI in at least three different stages or fields of
involvement and throughout the life of the research project
(Table 1 and Figure 1).

Table 1. Fields of involvement in the included studies (N=97).

ReferencesFrequency, n (%)Type of involvement

[18,20,22-27,30,32-36,38-82,134]60 (62)Generation of new ideas

[17,19,23,30,32-37,39,41,49,54,55,59,60,65-69,74,75,78,81,83-98]42 (43)Coproduction, co-design, or study scope

[24,26,29,30,34,35,41-43,46-48,53,54,57,60,62-64,66,72,75,77,81,83,89,90,99-102]31 (32)Establishing research priorities

[24,30,31,34,51,60,61,66,69-71,78,81,87,90,91,94,96,103-109]25 (26)Participation in data analysis

[24,30,31,57,60,61,68,69,73,83,86,94-96,105,110,111]17 (18)As coauthors of a scientific article

[26,28,30,31,35,42,43,53,62,76,78,84,91,106,110,112]16 (16)As members of a steering committee or advisory
group

[30,49,51,59,60,68,73,74,78,83,91,95,111,113]14 (14)Reviewing or writing protocols

[24,30,41,49,60,66,69,78,91,94,96,104]12 (12)Interpretation of results

[30,39,41,49,57,60,70,78,86,94,104]11 (11)Dissemination of results and advocacy

[54,60,66,70,88,91,94,96,114]9 (9)Data collection

[41,60,66,68,91,104,111]7 (7)Development of the recruitment strategy

[30,37,78,94]4 (4)Project management

[37,94]2 (2)Coinvestigator or having patient- or public-led
projects

[135]1 (1)Co-design of mobile health tools

[24,26,28,30,31,34,35,39,41-43,49,51,53,54,57,59-61,66,68-70,73-75,
78,81,83,86,89-91,94-96,104,110,111]

39 (40)At least three different stages or fields of involve-
ment and throughout the life of the research project

To develop a successful PPI project, patients or the public and
researchers must have, or develop, certain skills. For example,
researchers need to become familiar with PPI as a research

approach, know how to manage a PPI project, and how to deal
with conflict. As for the patients and the public, they must
understand the research process and develop capacities for

J Med Internet Res 2021 | vol. 23 | iss. 12 | e25743 | p.179https://www.jmir.org/2021/12/e25743
(page number not for citation purposes)

Aguayo et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


management and conflict management. However, it is not
mandatory that patients have specific vocational or educational
training [136].

PPI in Epidemiology: Trials and Cohort Studies
Web-based trials are more and more frequently described in the
literature. Price et al [137] performed a systematic review of
web-based trials and found that PPI was only reported in 24%
(10/41) of the trials included in the review. Face-to-face
meetings and email contact were the most common ways of
interaction [137].

Taylor et al [97] performed a cohort study in patients with cancer
that involved the patients in the creation and choice of a brand
for the cohort. With a 1-day workshop, patients and researchers
co-designed the brand. The results showed higher acceptance
and retention of the study than expected. An ongoing cohort
study used social media (Facebook) for PPI by creating a closed
group of patients and families to bring new ideas to the project
[80]. Meetings with a family advisory committee were organized
regularly.

Morris et al [116], in the context of an epidemiological study,
investigated PPI with surveys and postevent interviews and
wrote recommendations. Before an event, they suggest sending
a detailed document with the topics to be discussed. During the
event, they suggest having enough space between tables to allow
all participants to be heard, providing materials to facilitate note
taking, taking a whole day for the meeting, and arranging a
facilitator for each table. Finally, after the event, they
recommend a follow-up by sending the notes to the participants
[116].

Barriers to PPI
Domecq et al [138] in a systematic review described some
barriers to PPI. They highlighted 2 barriers: the excessive time
taken for training activities and attendance and the risk of a
tokenistic involvement. Another barrier reported in participants
who were frail was frustration because of discontinuity in the
involvement [139]. Barriers reported by researchers were

concerns about the quality of research, ethical issues, lack of
funding, failure of the PPI in the past, and not being convinced
of the real need for PPI in the cohort [140]. Maccarthy et al
[113] described communication issues as a key barrier to PPI.
Researchers fear not being able to explain the project and not
being able to engage patients and the public in the project; they
also feel discomfort speaking about their experiences with
patients and the public and fear having misunderstandings.

Facilitators of PPI
Creating a safe and welcoming environment where each
contributor feels empowered and confident facilitates PPI [94].
The coproduction process can give participants the
self-confidence to take responsibility for the entire duration of
a project [78]. In addition, an iterative process of PPI evaluation
during the entire research cycle has been proposed to ensure
success in PPI [113]. Mathie et al [141] reported that feedback
for patients, when provided, motivated them to continue their
collaboration with researchers. Concerns for well-being, trust,
mutual respect, and flexibility in time and methods were
facilitators of PPI [139]. Chambers et al [142] found key areas
that may facilitate or hinder the development of PPI. These key
areas were the following: good role definition, recognition of
difficulties, integration through organizations, training,
developing networking, considering different perspectives,
improving communication, and recognizing the relevance of
emotional impact. Finally, concerning digital interventions and
PPI, O’Connor et al [143] recommend investing in raising
awareness of the usefulness of digital tools, improving health
literacy, and using optimal tool design.

A Patient Advocate’s Viewpoint of PPI in Diabetes
Research
When writing this review, it was natural to allow a potential
representative of study participants to express how they see PPI
so far in research and what they are expecting from researchers
to increase the participation of people with diabetes in research
(Textbox 1, written by RS).
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Textbox 1. Involving people with diabetes in research: a patient advocate’s viewpoint.

Viewpoint of a patient advocate

• On November 14 each year, World Diabetes Day is celebrated across the globe. The International Diabetes Federation with the World Health
Organization created this awareness campaign in 1991 to respond to the growing numbers of people with diabetes worldwide. In 2006, World
Diabetes Day was deemed an official United Nations Day with a special resolution, becoming only the second health condition so recognized.

• Why November 14? That date marks the birthday of Sir Frederick Banting, who, along with Charles Best, is credited with the discovery of insulin.
The day is acknowledged by diabetes organizations, health care professionals, researchers, and governments. Most importantly, people with
diabetes have embraced the day to acknowledge, commemorate, and also celebrate life with diabetes as we gratefully signpost the man whose
research is responsible for our very lives.

• People with diabetes are interested in research. We know that the developments we see each and every year that advance how we live with
diabetes are the result of research. We are interested in the different branches of research—clinical, educational, social, and behavioral—because
we know better than anyone that living with diabetes is a multi-pronged existence that affects every part of our lives.

• However, despite how much we appreciate the work of researchers and how keen we are to learn more, sometimes it is difficult to engage with
us and involve us as participants. Let us explore how we can address this gap and consider some changes that can be made to encourage people
with diabetes to take more interest in research.

Tell the story

• The story of Banting and Best is folklore for those of us living with diabetes. It is a compelling story, but so are many other research tales.
Unfortunately, the narrative is not always told especially effectively. It is difficult to make research sound relevant to people living each day with
diabetes when research involves cells in a petri dish or stem cells in a temperature-controlled laboratory. What is the difference this work will
make to our day-to-day lives?

• It is exhausting for us to hear how mice are cured of diabetes (once again), especially when we know that our cure is still as elusive as ever.

• However, these stories—the cells and the mice—are links in a long chain that lead to significant developments that do directly affect us. At the
moment, explaining that seems lost in translation, and researchers need to think about how to decode in basic language how the work they are
doing has the potential to make significant changes to the everyday life of people with diabetes and that participating in relevant research gets
us to that goal.

• Even those researchers whose work is more practical based are not always especially successful in describing the impact of their work on those
of us with diabetes. Plain language statements are a start, but looking for even more nuanced and targeted ways to communicate is important.

Tell it in a tweet!

• With 280 characters on offer, Twitter is the perfect platform for researchers to hone their short story–telling skills. Practice the elevator pitch of
your research by narrowing down the key points and benefit to people with diabetes, and share it on the web to encourage interest. (Twitter
threads allow for linking a number of tweets together, so if you need more than 280 characters, you can take a couple of tweets. But do keep it
brief!)

What is involved?

• When recruiting people for your research, be very clear about what they will need to do. How much time is involved? Where will they need to
go? Will there be any invasive procedures and how uncomfortable are they likely to be? (Be honest!)

• Follow-up is critically important. A complaint we hear from people participating in research is that once their involvement is over, they never
again hear from the research team. This can be especially frustrating if people have invested a lot of time and energy in a trial. Regular updates
through a newsletter or social media page keep people informed and linked in with your work. This is especially important if you are planning
to recruit people for future phases of your study.

Participants, not subjects #LanguageMatters

• The words you use when communicating to, and about, people with diabetes are critically important. Refer to language position statements
developed by diabetes organizations to ensure that your language is supportive, empowering, positive, and encouraging. We people with diabetes
are more inclined to be involved if we see a study that treats us with respect.

The 2 camps—and how to bridge them

• There seem to be 2 main camps when it comes to diabetes research. Some believe that the focus should be primarily on finding a cure for diabetes.
This seems to be especially prevalent in the type 1 diabetes space, with much of this thinking led by parents of children living with diabetes. In
1970, it was these parents who founded the leading diabetes research organization, the Juvenile Diabetes Foundation (renamed the Juvenile
Diabetes Research Foundation), now known as JDRF. The original organization’s mission was very clear: to find a cure for diabetes. In recent
years, however, the research funded by JDRF has branched out to include studies looking at improving management through technology and
drugs.

• However, it is important to acknowledge the importance of research that looks at better management. Without this research, there would be no
treatment for diabetes-related complications and we would not have technology such as home blood glucose meters, insulin pumps, continuous
and flash glucose monitors, algorithms to automate insulin delivery...and we would still be using the same insulin from dogs that Banting and
Best had used.
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Just as important is the growing body of work and researchers dedicated to researching the social, psychosocial, behavioral, and emotional aspects
of living with diabetes. As anyone living with diabetes will tell you, this condition is never just about metrics. It is very much about our headspace
and how we feel about living with diabetes.

•

Involve us

• When is the best time to start to involve people with diabetes in your research? It is probably already too late! Have you consulted us when you
were establishing your study design? And back up a little more...is the research really something that is going to be of interest or benefit to people
with diabetes. Is the problem you are looking to solve really a problem for us?

Patient advisory committees

• Many research bodies now require patient advisory committees to be established as part of the overall study. Done well, these groups can provide
invaluable input for projects. Done badly, they are nothing more than a tick-the-box exercise. Ensure that there is funding available for travel,
accommodation, and other expenses. Be clear about what you expect the patient advisory committee members to do and which aspects of the
project they will be involved in. Remember that patient advisory committee members will most likely be volunteering their time. Their expertise
and time should be reimbursed by honoraria or hourly payments.

Not enough money in the pot

• Research dollars are never enough, and each year, there are more researchers contending for elusive grants. When the results from grant rounds
are shared, it seems that diabetes is repeatedly the poor cousin of health conditions, regularly being awarded significantly less money (with fewer
successful grants) than conditions such as cancer and cardiovascular disease. In recent grant announcements from the National Health and Medical
Research Council in Australia, only 16 diabetes grants worth Aus $13.5 million (US $9.6 million) were awarded compared with 69 grants worth
Aus $52.9 million (US $37.8 million) awarded for cancer research.

• People with diabetes can help to advance the cause of diabetes grant applications by telling their stories. Perhaps one of the reasons that diabetes
receives comparatively little of the research bucket is because we have not been all that successful in telling our stories. Instead, we have created
a false image of diabetes as a hugely preventable, self-inflicted condition, resulting in government and other research bodies considering diabetes
a less worthy condition to fund.

• Researchers are encouraged to work closely with people with diabetes to help tell the story of why their own research is important and how it
has the potential to help in the lives of people affected by, or at risk for, diabetes. Humanizing the story is important—all too often, diabetes is
presented in the media as a headless overweight body, which only adds to the stigma and image problem of the condition.

The story of hope

• Research is selling an important feature: hope. People with diabetes trade on hope; we look for it in research because we know that is what holds
the key to improving outcomes, reducing burden, and making our diabetes lives easier. We want to be part of those discoveries that promise a
better life, and we want to be involved in your research that will help us get there.

Illustration of PPI in a Digital Cohort Study
Digital cohort studies are longitudinal studies in which the data
come either totally (e-cohort) or partially (hybrid: e-cohort and
traditional cohort) from digital sources. Modern cohort studies
increasingly incorporate digital tools such as data generated on
the web and connected devices that allow much wider use of
data generated for multiple projects [9].

We elaborated a strategy of PPI for a digital cohort study. Tables
2 and 3 show recommendations for PPI at all stages of research.
This participation was defined in 2 categories: Recommended
participation activities, in which patients and the public
participate more passively, helping to generate research ideas

and prioritize those ideas by participating in surveys, and
Recommended involvement activities, in which patients actively
participate in collaborative work with researchers on an equal
footing. Examples of these activities are events, meetings,
workshops, and focus groups. The chosen strategies for the
digital cohort study are detailed in 32 actions in total for
participation as well as participation and involvement,
corresponding to the different steps of the research process, and
are based on the current recommendations of Involve [7], our
review results, and the viewpoint of a patient advocate (Textbox
1). In addition, for the realization of certain activities, we suggest
a recommended duration of the activity based on our review of
the literature and the point of view of the patient advocate.
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Table 2. Recommendations for the promotion of patient and public involvement (PPI) projects: concrete examples for a digital cohort study. Steps to
be taken before starting the cohort study.

Suggested actionsStages (Involve list)

Recommended involvement activitiesRecommended participation activities

Identifying and prioritizing
research axes

•• Videoconference meeting: establishing an international scientific
steering committee with researchers and patients as members. Dura-
tion of the activity: 1 hour. Preparation: read agenda that should be
sent 1 day before the meeting

Web-based survey through social me-
dia: identification of research ques-
tions. Duration of the activity: 15
minutes

• Meeting: identification of, and invitation to, a group of patients inter-
ested to be involved as patient partners (eg, through patient associa-
tions). Duration of the activity: 3 hours. Preparation: not needed.
Venue: local patient association

• Videoconference meeting and use of web-based collaboration tools:
cowriting PPI plan for the cohort and submission to an ethics com-
mittee. Duration of the activity: 2 hours. Preparation: read the proposal
draft sent and written by researchers 1 week before

Designing •• Web-based or mobile workshops: coproduction by giving feedback
on study design and chosen questionnaires and research tools (such
as mock-ups of app, user experience and user interface). Duration of
the activity: 3 hours

Web-based survey through smartphone
app: identification of research ques-
tions, web-based survey with open-
ended questions. Duration of the activ-
ity: 10 minutes • Web-based training: language matters. Searching, choosing, and

checking the most appropriate use of language for communication
with the public and patients. Duration of the activity: 2 hours

• Web-based survey: ranking research
questions (through smartphone app,
web-based survey using persona-sce-
nario technique) with closed-ended
questions. Duration of the activity: 15
minutes

• Mobile focus group and survey (Multimedia Appendices 2 and 3):
assessment of the beta version of smartphone app and flyers, as well
as assessment of the wording and visual of the website, flyer, study
objectives, and PPI expectations. Duration of the activity: 4 hours.
Meeting place: comfortable, with catering and parking lot available

—aDrafting grant protocol • Web-based meeting: cowriting study protocol, involvement of patient
associations as partners in grants. Duration of the activity: 1 hour.
Preparation: read agenda that should be sent 1 day before the meeting

Testing and scaling up •• Web-based meeting: co-designing pilot study on smartphone app.
Duration of the activity: 1 hour. Preparation: read agenda that should
be sent 1 day before the meeting

Surveys through smartphone app:
testing of pilot study by limited num-
ber of potential study participants.
Duration of the activity: 30 minutes • Web-based meeting: co-design of generalization phase and recruit-

ment. Duration of the activity: 1 hour. Preparation: read agenda that
should be sent 1 day before the meeting

• Web-based meeting: advertise through social media and press for
patients and the public to participate in the study

aNo specific recommendations.
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Table 3. Recommendations for the promotion of patient and public involvement (PPI) projects: concrete examples for a digital cohort study. Steps to
be taken during the cohort study.

Suggested actionsStages (Involve list)

Recommended involvement activitiesRecommended participation activities

—aAnalyzing and interpreting • Web-based meeting using web-based collaboration tools: cowriting
of annual reports

• Webpage, web-based workshops, meetings, and web-based collabo-
ration tools: coproduction of research projects through a patient-led
research hub. Webpage with a dedicated section for submission of
projects by patient. Projects assessed by the scientific steering com-
mittee

• Web-based workshops, meetings, and web-based collaboration tools:
data analysis and interpretation of results

• Meetings and web-based collaboration tools: writing of manuscripts
cowritten by scientists and patients

—Disseminating • Social media: dissemination of publications coauthored by scientists
and patients

• Web-based meetings, workshops, and web-based collaboration tools:
participation at conferences as author or coauthor

• Focus groups and workshops: communication of research results
(plain language, infographic, and dissemination)

—Implementing • Web-based meetings and workshops: implementation of some results
from the study at hospitals and consultations facilitated by patients

Monitoring and evaluating •• Web-based meetings: checking of data collection and data quality
by patients

Smartphone app: improving partici-
pants’ retention by reminders

•• Web-based meetings and web-based collaboration tools: review of
research projects by patient representatives

Email newsletter and social media an-
nouncement: follow-up of the project
by researchers (once a month) • Social media: improving participants’ retention by involved patients

• One-day general public event: follow-
up of the project by researchers (once
a year)

• One-day general public event: follow-up of the project by patients
and public (once a year). Remuneration or facilities for attending
should be budgeted for members of the scientific committee

• Web-based survey through social me-
dia and smartphone app: monitoring
evolution of the research protocol
(adding or deleting research questions)

• Workshop: evaluation of PPI by researcher and contributors (use

GRIPP2b checklist). Duration of the activity: 1 day. Meeting place:
comfortable with catering and available parking places

• Meetings and workshops: Monitoring evolution of the research pro-
tocol (adding or deleting research questions) by scientific steering
committee (scientists and patient members)

aNo specific recommendations.
bGRIPP2: revised version of Guidance for Reporting Involvement of Patients and the Public.

The advantage of a digital cohort study is that digital tools can
be used to promote PPI at each stage as a primary method or as
a complementary or alternative method. A digital cohort can
facilitate PPI, allowing participation from remote locations,
using a smartphone app with web-based questionnaires,
organizing most of the meetings through videoconferences, and
using web-based tools for coworking. However, we think that
face-to-face activities are also recommended and these 2
approaches may be complementary.

The recommendations are as follows:

• Recommendation 1: Identify patients and the public who
might be interested in participating as members of the
patient advisory steering committee. This contact can be
achieved through social media and patients’
organizations. Use digital tools to identify people. For
example, contact organizations that are active on forums
or social media.

• Recommendation 2: Write a PPI protocol in the digital
cohort protocol describing all planned activities and include
funding for patients. The patients who are part of the
steering committee should be actively involved in this
activity.

• Recommendation 3: Identify patients and the public who
might be interested in participating in focus groups,
semistructured interviews, or workshops by being involved
actively in the design of the app, website, research ideas,
and project evaluation.

• Recommendation 4: Organize focus groups as an important
activity to obtain information about how PPI can be
integrated in a digital cohort study. We present an example
guide for this activity in Multimedia Appendix 2. A
passionate and enthusiast moderator is needed. Sometimes
it is not possible to find a place and a time that works for
everyone. In such cases, mobile or web-based focus groups
can be organized.
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• Recommendation 5: Involve patients in the design of the
smartphone app or other digital tools. For working on the
design of a smartphone app, we encourage the use of an
evaluation grid to assess the app with direct observation of
how patients and the public use it. We present an example
of an evaluation grid in Multimedia Appendix 3. Patients
and the public can also assess a smartphone app using a
validated scale. We suggest the application of the user
version of the Mobile Application Rating Scale [144].

• Recommendation 6: Involve patients in the generation of
new research ideas and research priorities. Using a
smartphone app or through a website, we recommend that
during the study, participants be invited to propose research
questions at any time and as often as they wish. The patient
advisory steering committee is involved in all the
discussions about research priorities and follow-up of the
project.

• Recommendation 7: Give feedback to patients and the
public through web-based newsletters and social media.
Evaluate regularly satisfaction with PPI. To assess the
impact of PPI among active participants and to define roles

and changes in the project, we advise that annual workshops
should be organized. At these annual workshops, PPI can
also be assessed by contributors (researchers, patients, and
the public) using the GRIPP2 checklist [16].

• Recommendation 8: Establish a patient-researcher
partnership. On the cohort’s website and in the smartphone
app, we encourage the creation of a patient- or public-led
research hub space. This space can receive applications
from patients or the public to develop research projects.
The scientific steering committee assesses applications
concerning scientific content and feasibility. The research
team helps patients and the public to carry out their own
projects by providing methodological support.

• Recommendation 9: Finally, we recommend inviting patient
advocates, patients, or caregivers to become study
ambassadors. They are volunteers actively involved in the
study and social networks. The role of the study
ambassadors will be to actively disseminate the results of
the study and invite their networks to join the project.

Figure 2 shows our vision of integrating PPI in a digital cohort
study in the whole research cycle.

Figure 2. Patient and public involvement in the research cycle of a digital cohort study. Digital tools are integrated at each stage of the research cycle,
and some examples of digital tools are shown in the figure.

Discussion

Principal Findings
We observed that the most popular methods for PPI are
workshops, focus groups, interviews, and surveys. The
appropriate method must be carefully chosen to fit the research
objective. For example, workshops and focus groups can be a

rich source of information in the prestudy phase; they can be
adapted to the context of the participants; and they allow direct
observation of, and interaction among, participants. The
downside is that they are highly dependent on the capacity of
the moderators.

We have also described digital tools to collect information from
the patients and the public for research, such as social media
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listening and a particular web-based crowdsourcing survey with
the magic wand–like question [24]. We think that digital tools
may not only facilitate patient engagement in research, but can
also stimulate a continuous and long-term participation and
involvement of patients and the public.

Overall, none of these methods can address all relevant questions
for scientists and patients or the public related to a research
project. Therefore, we recommend a mix of methods to obtain
optimal and meaningful information for the research project at
stake. Different methods can be applied at different times of the
project depending on the objective. Regarding the timing of
introducing PPI, we recommend that PPI be included from the
beginning (eg, co-design and research plan) to the end
(publication and dissemination), followed by a PPI assessment.

We suggest pragmatic steps to integrate PPI in future
epidemiological studies. These recommendations are as generic
as possible but may not be applicable in all cases. They are
based on current guidelines for PPI with concrete examples for
a digital cohort study [14,15]. These recommendations should
be understood as modular, meaning that they must be adapted
to the study design, population, available budget, duration of
the project, and local context. For PPI report and assessment,
we recommend using the GRIPP2 checklist, a dedicated PPI
reporting checklist [16].

Comparison With Prior Work
Domecq et al [138], in a systematic review, identified barriers
to, and facilitators of, PPI. They found no evidence indicating
which method was best for PPI. In our review, we found that a
combination of methods is more common with greater
involvement (patients included in many areas or across the
research cycle). We integrated the barriers and facilitators
described by Domecq et al [138] in our recommendations.

Liabo et al [145] performed a systematic review of good PPI
practices. They compared the results of the systematic review
with 3 involvement groups and found that the priorities were
similar. However, the involvement groups found additional
values that were not described in the literature, such as the
enthusiasm of the participants and the choice of welcoming
venues for the meetings. We integrated these reflections in our
recommendations.

Nunn et al [146] reviewed reports of 96 human genomic research
projects and found that only 33% (32/96) declared PPI. From
these, most of the PPI activities were organized in formal groups
(20/32, 63%), with 22% (7/32) using web-based tools (website,
social media, and web-based communities). We found similar
results with social media reporting in 6% (6/97) of the studies
with PPI. We think that there is room for more PPI using digital
tools.

Miah et al [147] conducted a scoping review of PPI in dementia
research and found 19 studies from the United Kingdom and 1
from the Netherlands. Biddle et al [13] found an uneven
distribution of PPI in Europe. They attributed this to a lack of
infrastructure, support, and guidance. An example of support
is that research-funding institutions in the United Kingdom
require PPI in project applications. However, funding agencies
in many countries do not have this requirement. We found

similar results with most of the studies on PPI from the United
Kingdom. We believe that PPI is still underreported or not
performed in many countries.

Few epidemiological or clinical studies report PPI in the research
process [11,146]. Studies that include patients and the public
most often involve them only at the stage of idea generation,
but not in the whole research cycle. This suggests that PPI is
symbolically added or very limited.

Individual interviews are useful for tackling sensitive questions
because participants do not feel dominated or influenced by the
opinion of other participants. Surveys (web-based,
telephone-based, or paper-based) are a pragmatic method of
obtaining large-scale information from many people quickly.
Differently, a survey can be very useful for generating new
ideas and for refining and improving them when a new survey
containing the generated ideas is launched for another sample
of people.

PPI is a project in the project, creating its own challenges such
as completing appropriate regulatory tasks and obtaining
approval from an ethics committee. In the informed consent,
the nature of participation must be specified, with clear and fair
terms and conditions. This includes whether remuneration, cost
coverage for the patient organization, and travel costs of patients
or the public are provided and whether there are other benefits
for the patients, such as nonfinancial compensation for the time
allocated to project participation [14].

Several reasons for a lack of, or delay in, PPI have been
mentioned in the literature. Some researchers do not include
patients or the public in the research, arguing that the patient
or public point of view is too subjective [148]. Furthermore,
researchers may consider PPI only as a requirement of funding
agencies for the project to be approved; therefore, PPI arrives
late in the process and is treated as an afterthought [149]. We
believe that obstacles can be overcome when they are identified
and taken into account in the plan and recommendations.

When PPI is considered, there is the risk of selective PPI, which
means that only those within the community who agreed with
the research objectives are included. In addition, this may have
the risk of hearing only the opinion of the most active patients
or public, which may not reflect the opinion of most of the other
patients and can therefore lead to research designs that still do
not research the questions that interest most patients. We
recommend nonselective PPI, meaning that the aim should be
to involve a diverse selection of participants in the PPI process,
including patient organizations, patient advocates who are
legitimately speaking on behalf of a patient community, and
individual patients, to ensure that the opinions and views of the
participants are representative of most patients with the same
condition [47].

Researchers should make a greater effort to minimize the burden
of participation for patients and maximize the benefits for
participants at the same time. A lack of participation is more
likely to occur when there is poor or 1-way communication,
resulting in poorly organized protocols and demanding
follow-ups that lead to noninformed, noninvolved, and
nonmotivated participants. Nevertheless, when done properly,
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patients can associate their participation with feelings such as
usefulness, empowerment, and consideration [150].

Limitations
This study includes certain limitations. Our search was limited
to studies in English. In addition, a part of what is happening
in PPI is described in the gray literature and has therefore been
excluded from the review. Our review may give the impression
that early involvement in setting research priorities is the norm,
but this may not be true because of a potential publication bias.
For example, the results of studies with PPI are often not
intended to show improvements in efficacy in clinical studies;
therefore, they are less likely to be accepted by publishers for
publication or publication may be delayed because of negative
or statistically insignificant results.

Conclusions
There are, and rightly so, many expectations on the part of
patients and the public to be actively involved in research and
not only by providing data, but also as research partners. PPI
can contribute to patient empowerment by increasing disease
awareness and according recognition as actors of their own
condition [151]. However, PPI is uneven among countries and
research institutions, and even now many patients and the public
are not yet involved in research [13] and ignore or do not have
access to research protocols [152]. Digital tools such as websites,
social media, and connected devices have been increasingly
incorporated into cohort studies and could be leveraged to

increase PPI [153]. Digital tools can facilitate PPI by providing
an opportunity for remote access and therefore easier
participation. In addition, digital tools can facilitate PPI by
enabling feedback and interaction between researchers and
patient collaborators [154].

PPI can be a powerful approach to increase the relevance of
research projects. We have shown that PPI must be planned in
the initial phases of the development of a new epidemiological
study and then be considered throughout the life of the research
project. Combining different approaches of PPI seems to be the
most effective strategy for improving the quality of research.

Some techniques such as persona-scenario are very powerful
for idea generation and can be combined with digital tools. In
addition, web-based surveys are easy to implement and allow
involving many participants (crowdsourcing).

Digital methods such as social media listening or web-based
magic wand–like questions can also offer useful complementary
channels of interaction and help to identify key information
such as research gaps at large scale with a limited cost directly
from the target population. As such, we recommend that these
methods be also integrated in the PPI process. With the example
of a new digital cohort study, we offer practical guidelines to
implement and run a patient- or public-centered research study.
We therefore encourage investigators to rely on our practical
recommendations to increase PPI in future epidemiological
studies.
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Abstract

Background: The emergence of genetic and genomic sequencing approaches for pediatric patients has raised questions about
the genomic health literacy levels, attitudes toward receiving genomic information, and use of this information to inform treatment
decisions by pediatric patients and their parents. However, the methods to educate pediatric patients and their parents about
genomic concepts through digital health interventions have not been well-established.

Objective: The primary objective of this scoping review is to investigate the current levels of genomic health literacy and the
attitudes toward receiving genomic information among pediatric patients and their parents. The secondary aim is to investigate
patient education interventions that aim to measure and increase genomic health literacy among pediatric patients and their parents.
The findings from this review will be used to inform future digital health interventions for patient education.

Methods: A scoping review using PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews) guidelines and protocols was completed using the following databases: MEDLINE, Embase,
CINAHL, and Scopus. Our search strategy included genomic information inclusive of all genetic and genomic terms, pediatrics,
and patient education. Inclusion criteria included the following: the study included genetic, genomic, or a combination of genetic
and genomic information; the study population was pediatric (children and adolescents <18 years) and parents of patients with
pediatric illnesses or only parents of patients with pediatric illnesses; the study included an assessment of the knowledge, attitudes,
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and intervention regarding genomic information; the study was conducted in the last 12 years between 2008 and 2020; and the
study was in the English language. Descriptive data regarding study design, methodology, disease population, and key findings
were extracted. All the findings were collated, categorized, and reported thematically.

Results: Of the 4618 studies, 14 studies (n=6, 43% qualitative, n=6, 43% mixed methods, and n=2, 14% quantitative) were
included. Key findings were based on the following 6 themes: knowledge of genomic concepts, use of the internet and social
media for genomic information, use of genomic information for decision-making, hopes and attitudes toward receiving genomic
information, experiences with genetic counseling, and interventions to improve genomic knowledge.

Conclusions: This review identified that older age is related to the capacity of understanding genomic concepts, increased
genomic health literacy levels, and the perceived ability to participate in decision-making related to genomic information. In
addition, internet-searching plays a major role in obtaining genomic information and filling gaps in communication with health
care providers. However, little is known about the capacity of pediatric patients and their parents to understand genomic information
and make informed decisions based on the genomic information obtained. More research is required to inform digital health
interventions and to leverage the leading best practices to educate these genomic concepts.

(J Med Internet Res 2021;23(12):e26684)   doi:10.2196/26684
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children; adolescents

Introduction

Background
Recent scientific breakthroughs and technological advancements
in personalized and precision medicine are changing the way
we diagnose and treat diseases, leading to more precise,
predictable, and powerful health care that is customized for the
individual patient [1]. However, individualized diagnostic and
treatment pathway development is expensive and introduces
new aspects of patient engagement into the more traditional
medical practice. Personalized and precision medicine and
genome sequencing have gone hand in hand and become more
widely available and incorporated into clinical pediatric and
adolescent care, either in the context of routine patient care or
research [2,3]. However, genetic counselors have indicated that
they lack the relevant knowledge, confidence, and practical
techniques to educate adolescents about genomic concepts [4];
some health professionals have also expressed uncertainty about
the cognitive abilities of adolescents to understand genomic
concepts [5].

Genomic health literacy is defined as the basic knowledge of
genetic and genomic concepts and the capacity to obtain,
process, understand, and use genomic information for
health-related decision-making [6]. Studies have shown that
children and adolescents have the desire to learn more about
the genetic factors related to their illness and to be more
involved in the decision-making process of their treatment
[7-11]. Moreover, pediatric patients undergoing genomic
sequencing and their parents have expressed the desire to learn
about actionable genomic research results [12-14]. As such, the
increasing number of clinical genetic tests, research endeavors
that use exome and genome sequencing, and increasing
professional opportunities in genomics (eg, bioinformatics and
genetic counseling) for adolescents entering the workforce point
to a need to develop educational material on genomics for young
people [15]. A systematic review by McGill et al [7] found that
although children and adolescents in the general community
may have a basic understanding of genetic concepts such as

inheritance, they generally lack a deeper knowledge of concepts
related to genetics and genetic testing. Although a high level of
genomic health literacy is unlikely in children and adolescents,
it may be valuable for young people who are affected or at risk
of genetic conditions to have a general understanding of genomic
concepts [7].

Navigating through the transitional stages of childhood and
adolescence with a genetic condition could lead to difficulties
with autonomy, identity development, and self-esteem [16].
Moreover, results from genetic testing of a child may have
implications for parents and other family members [17]. The
American College of Medical Genetics and Genomics guidelines
recommend that children as young as 8 years should be actively
involved in the decision and interpretation of the clinical exome
or genome sequencing process to the extent that they are
considered cognitively capable, which includes the assent of
the child whenever reasonable and respecting their preferences
[18].

Research has highlighted both positive and negative implications
for the psychological outcomes for those who undergo genetic
testing [19], and the ethical implications for returning genetic
information to children have been widely debated, especially
in the context of informed consent for genetic and genomic
testing [20]. This attention resonates with the presumptions that
parents know what is in their children’s best interest and that
minors are unable to provide informed consent [20,21]. As
children age, they gain decision-making capacity and an
understanding of health conditions [20]. Therefore, including
children and adolescents to various degrees as they age in health
decisions related to genomic information is important yet
challenging.

Goal of the Study
This review was conducted as formative research for the
Understanding Childhood Arthritis Network (UCAN) team to
inform the design of a digital health intervention: a genomics
patient education feature for patients living with juvenile
idiopathic arthritis (JIA). JIA is the most common childhood
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chronic rheumatic disease and has a prevalence of 16-150 cases
per 100,000 population [22] and can have a negative impact on
the health-related aspects of quality of life [23]. Children and
adolescents with JIA experience physical symptoms such as
stiffness, fatigue, and sleep impairments; emotional symptoms
such as stress, anxiety, and depression; and reduced social
interactions [23]. As the etiology of JIA is unknown and is
currently attributed to different genetic and environmental
factors, a variety of pharmacological therapies are used to
manage symptoms [24]. Biological disease-modifying
antirheumatic therapies that target specific cytokines involved
in the inflammatory cascade, such as tumor necrosis factor-α
inhibitors, interleukin-1 inhibitors, and interleukin-6 inhibitors,
have greatly changed the outcomes and morbidity associated

with JIA but are associated with high costs [25,26] and safety
concerns such as the risk of infection [25,26].

The ongoing UCAN study combines genomic discovery with
patient-reported outcomes and health economic analyses to
identify children at high risk of poor disease outcomes, define
optimal ways to manage affected children, and develop a
sustainable transdisciplinary network to improve the quality of
life for all children with arthritis. One of the key features of the
innovative UCAN platform is a novel genomics dashboard,
which displays genomic information and trends in cytokine
activity for patients. This tool acts as a visual aid for providers
to discuss the severity of childhood arthritis with the patients
with JIA and their parents and to identify the potential treatment
targets based on the patient’s genomic profile (Figure 1).

Figure 1. Understanding Childhood Arthritis Network platform genomics dashboard.
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In studies such as UCAN, where genomic information is shared
with patients, there is a need to educate patients and their parents
by improving the levels of genomic health literacy; to foster a
better understanding of the disease; for meaningful conversation;
for decision-making for disease management; and to foster a
better understanding of implications on treatment, outcomes,
quality of life, and long-term consequences. Although numerous
studies have explored genomic health literacy among adult
populations [27-29] and interventions to improve patient genetic
education [30], there is a general lack of research regarding how
children and adolescents understand genetic illnesses [7] and
genetic and genomic testing, how such information should be
conveyed to them, and what factors may affect communication
efficacy [8]. In addition, no studies have investigated genomic
health literacy or tools to educate the patients with JIA and their
parents about genomic concepts.

Objectives
We aim to perform a scoping review to identify and synthesize
existing literature regarding the genomics health literacy levels
and attitudes relative to receiving genomic information among
pediatric patients and their parents to identify current practices
and existing interventions that aim to improve genomic health
literacy among pediatric patients and their parents. The term
genomics is used as an umbrella term throughout the review as
it encompasses the fields of genetic and genomic information;
genomics describes the study of genes in their entirety, including
their function, interaction, and environment and application of
genome-based strategies [31]. Our research questions were
intentionally broad to capture all the relevant literature relating
to genomic health literacy and informational needs within
pediatric patients:

• What are the genomic health literacy levels and attitudes
toward receiving genomic information among pediatric
patients and their parents?

• What interventions are known to educate pediatric patients
and their parents about genomics to improve genomic health
literacy levels and to facilitate a better understanding of
their treatments?

Methods

Protocol and Registration
The protocol was not registered as scoping review protocols do
not require registration. The scoping review methodology used

was modeled based on the PRISMA-ScR (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses extension for
Scoping Reviews) protocol [32]. This approach was used to
study all the aspects of the topic, allow for a comprehensive
exploration of patient knowledge and experiences, identify the
existing literature relevant to the topics of interest, and identify
gaps in the evidence.

Eligibility Criteria
Studies were included if they met all of the following eligibility
criteria: the study included genetic, genomic, or a combination
of genetic and genomic information; the study population was
pediatric (children and adolescents <18 years) and parents of
pediatric patients or only parents of pediatric patients; the study
included an assessment of the knowledge, attitudes, and
understanding of genomic information; the study was conducted
in the last 12 years between January 2008 and September 2020;
the study only included human participants; and the study was
in the English language. The time frame of the past 12 years
was selected to capture the most recent and emerging practices
in the genomics field.

Information Sources
A formal electronic search and extraction was conducted
between June 2020 and September 2020 on 4 electronic
databases: MEDLINE, Embase, CINAHL, and Scopus. A gray
literature search was also conducted on the following databases:
Open Gray, CenterWatch, Cochrane Library, University of
Toronto Libraries, TRIP database, ISRCTN registry, and
advanced Google search.

Guidance and support from a faculty-affiliated librarian at the
University of Toronto was received to formulate keywords and
subject headings for the search strategy.

Search Strategy
The search strategy included 3 main concepts: pediatrics, patient
education, and genomics. Textbox 1 displays the full electronic
search strategy used for MEDLINE. Multimedia Appendix 1
outlines corresponding searches for all the databases used during
the search process for this scoping review.
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Textbox 1. MEDLINE search strategy for the scoping review on genomic knowledge and education interventions in pediatrics inform digital health
interventions.

Search strategy used for MEDLINE

1. pediatric.mp. or exp Pediatrics/

2. paediatric*.tw,kf.

3. JIA.tw,kf.

4. ([pediatric or paediatric] adj5 illness).tw,kf.

5. “juvenile idiopathic arthritis”.tw,kf.

6. ([young or adolescen* or child*] adj5 illness).tw,kf.

8. autoimmune disease.mp. or exp Autoimmune Diseases/

9. Patient education.mp. or exp Patient education as Topic/

10. ([patient or young or adolescen* or child*] adj5 [educat* or learn* or knowledge or literacy or info*]).tw,kf.

11. “health knowledge”.tw,kf.

12. exp Genomics/

13. (genetic* or genomic* or genom* or biologic*).tw,kf.

14. exp Genetic Counseling/

15. (genetic adj5 [counselling or counseling]).tw,kf.

16. “genetic testing”.tw,kf.

17. “genom* sequencing”.tw,kf.

18. 1 or 2 or 3 or 4 or 5 or

19. 7 or 8 or 9

20. 10 or 11 or 12 or 13 or 14 or 15

21. 16 and 17 and 18

22. limit 19 to english

23. limit 20 to last 12 years

Selection of Sources of Evidence
Duplicates were removed electronically, and the titles and
abstracts were screened by 2 reviewers (AG and MT). Related
articles that were removed during the screening process were
stored in a reference list for relevant studies. The full-text
screening was conducted (by AG and MT), and any
discrepancies and disagreements were resolved by discussion
and consensus. The most common reasons for exclusion of
articles were that they involved a nonpediatric population (eg,
health practitioners and adult patients), did not convey any
genetic or genomic information to patients, did not have human
participants, were not in the English language, were conference
abstracts, were not published between 2008 and 2020, and were
focused on disease etiology rather than genetic or genomic
information.

Data Items and Data Charting Process
To chart and extract data from the articles selected for the
scoping review, an extraction criterion was developed by 2
reviewers (AG and MT) to extract information from each
publication about the study country, city, urban or not urban
geography, population, sample size, age of participants, pediatric
disease types, duration, demographic information, design,

methodology, journal of publication, and results of the study
(Multimedia Appendix 2 [3,12,16,33-43]).

Synthesis of Results
A thematic analysis of the nature and content of the articles was
conducted to identify the common and recurring themes, topics,
ideas, and patterns and to categorize the articles [44]. Both
reviewers examined the data produced from charting and data
extraction and identified the key codes relating to the research
questions. The codes were used to summarize and report studies
according to their main findings. A total of 6 major themes were
identified during the thematic analysis: knowledge of genomic
concepts, use of the internet and social media for genomic
information, use of genomic information for decision-making,
hopes and attitudes toward receiving genomic information and
support, experiences with genetic counseling, and interventions
to improve knowledge of genomics.

Results

Screening Process
A total of 4583 articles were identified from 4 electronic
databases listed, and 35 articles were identified from a gray
literature search. After the removal of 540 sets of duplicates,
the remaining 3349 articles were screened according to the
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eligibility criteria. After the title and abstract screening stages,
41 articles were included in the full-text review and 27 articles
were excluded owing to the reasons outlined in Multimedia
Appendix 3. In total, 14 studies were included in the scoping
review.

Overview of the Included Studies
Of the 14 studies, 5 (36%) studies included populations where
children were clinically diagnosed with various genetic
conditions [16,33-36]; 4 (29%) studies had populations that
were not diagnosed with an illness [12,37-39]; 1 (7%) study

included children who were suspected to have a genetic
condition but not diagnosed [40]; 1 (7%) study included children
who were hospitalized for various reasons [3]; and the remaining
3 (21%) studies reported pediatric populations with illnesses
such as cancer [41], congenital heart defects [42], and congenital
lower limb deficiencies [43]. Most (11/14, 79%) of the studies
selected for the review were from the United States
[3,12,33-36,38-42], 14% (2/14) from Canada [16,43] and 7%
(1/14) from the United Kingdom [37]. Table 1 presents the
overview of the included studies.
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Table 1. Overview of the studies included in the scoping review (N=14).

Aims of the researchStudy designSamples, nPopulationTheme and study

Knowledge of genomic concepts

To examine the genetic knowledge and
attitudes toward genetic testing of par-

Quantitative287Parents of children with

LVOTa
Fitzgerald-Butt et al
[42]

ents of children with heart defects af-
fecting the LVOT

To identify unique patterns of informa-
tion management and to explore the

Mixed methods142 Parents in families in which
the child has a single gene
condition

Gallo et al [34]

relationship between these patterns and
individual and family characteristics
and functioning

To develop and validate a robust kids-

KOGSb suitable for use in the pediatric
setting and for general public education

Quantitative539ChildrenLewis et al [37]

To determine the levels of knowledge
about genetics and approaches to deci-
sion-

making related to genetic testing among
adolescents and parents

Qualitative33 (22 adolescents and
11 parents)

Parents and adolescentsRew et al [39]

Use of the internet and social media for genomic information

To analyze parent views about the use
of the internet and social media for in-

Qualitative20Parents of children (<18
years) who underwent genet-
ic testing

Barton et al [33]

formational and emotional support
needs at different stages of their child’s
genetic testing process

To investigate how parents of a child
referred for genetic services search the

Qualitative100Parents of children referred
for genetic services

Roche et al [35]

internet for information before and after
referral to a university pediatric genet-
ics clinic, interpret and evaluate the in-
formation they obtained, and identify
barriers that they encountered

To investigate how mothers of children
with genetic disorders use the internet

Qualitative100Mothers of children with
genetic disorders

Schaffer et al [36]

to interpret, produce, and circulate ge-
netic knowledge pertaining to their
child’s condition; come to value their
own experiential knowledge; and help
shift the boundaries of what is consid-
ered as authoritative knowledge

Use of genomics information for decision-making

To investigate decision preferences
about values and involvement in

Qualitative33 (15 adolescents and
18 parents)

Parents and adolescents
(aged 13-18 years)

McGowan et al [12]

choices of genomic sequencing results
and to inform and guide practices of
genomic researchers working with
adolescents

To examine decisions about learning
genomic research results for the adoles-

Mixed methods326 (163 dyads)Parents and adolescents
(aged 13-17 years)

Myers et al [38]

cents and whether choices were associ-
ated with demographic factors

Hopes and attitudes toward receiving information and support

To collect data on Canadian pediatric
patients affected by CLD followed to

Mixed methods25 Parents of children with

CLDc
Campbell et al [43]

determine emotional supports, commu-
nication information, and implementa-
tion of genetics referrals
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Aims of the researchStudy designSamples, nPopulationTheme and study

To investigate motivation and per-
ceived resources to predict the amount
and kinds of information that adult pa-
tients and parents of pediatric patients
hoped to receive from diagnostic se-
quencing results

Mixed methods270, (191 adults and 79
parents)

Adults and parents of chil-
dren with a suspected genet-
ic condition

Khan et al [40]

Experiences with genetic counseling

To investigate the experiences and
perspectives with respect to genetic
counseling interactions and to under-
stand adolescent-specific issues to bet-
ter educate and support this population
of patients

Qualitative11AdolescentsPichini et al [16]

Interventions to improve knowledge of genomics

To determine whether a 2-step consent
using a structured communication
model would improve knowledge and
understanding of key genetic concepts

Mixed methods121 Parents of children enrolled
in the Genomes for Kids
program; patients with can-
cer

Johnson et al [41]

To determine whether an original chil-
dren’s book contributes to learning
about the meaning of the terms DNA
and gene in a sample of school-age
children and whether experiencing the
book with a pediatric nurse results in a
better understanding of basic concepts
than experiencing the book with a par-
ent

Mixed methods52 (26 children and 26
parents)

Children (aged 5-10 years)
and parents

Newcomb et al [3]

aLVOT: left ventricular outflow tract.
bA 10-item knowledge of genome sequencing measure for young people.
cCLD: congenital limb deficiency.

Results of the Review

Knowledge of Genomic Concepts
Of the 14 studies, 4 (29%) studies investigated the knowledge
and understanding of genetic concepts among pediatric patients
or parents of pediatric patients [34,37,39,42]. These studies
found varying results among participants of different age groups
regarding the knowledge and understanding of genetic concepts
including DNA, genome, genetic and environmental factors,
the human genome project, and the sharing of genetic
information.

Lewis et al [37] found that among school children between the
ages of 11 and 15 years completing a 10-item kids-knowledge
of genome sequencing measure for young people, the mean
score was 4.24 (SD 2.49), on a scale where 0=low knowledge
and 10=high knowledge. Age was also positively associated
with the score in multivariate linear regression and the mean
kids-knowledge of genome sequencing score was higher among
girls than boys (4.44 vs 4.09, respectively; t535=1.61; P<.001).
The most frequent correctly answered questions by children
were related to DNA, such as Our DNA is inside our cells and
Our DNA doesn’t have an effect on how our body works and
the most frequent incorrectly answered questions were related
to the genome, such as Around 1% of our genome is the same
as other people’s and Our complete set of DNA is called our
genome. 

Fitzgerald-Butt et al [42] tested genetic knowledge using a
modified 18-item true or false instrument among parents of
children with congenital heart defects and found that the mean
genetic knowledge summary score was 73.8% correct. The most
frequent correctly answered items were related to the interaction
of genetic and environmental factors, such as some diseases are
caused by genes, environment, and lifestyle (true; 97.2% correct)
and genes determine traits such as height, eye color and facial
appearance (true; 97.8% correct). The questions that the
participants had the most difficulty with were related to basic
genetic knowledge, such as identifying that humans have 20
pairs of chromosomes (false; 28% correct) and parents pass
both copies of each chromosome to their child (false; 36.5%
correct) are both false statements. Furthermore, educational
attainment and household income were directly and significantly
associated with genetic knowledge (P<.001).

Among parents and adolescents, Rew et al [39] found that
although most participants had heard of genetic testing, the
knowledge about the human genome project was generally
lacking and inaccurate among younger adolescents (14-17
years), whereas older adolescents (18-21 years) demonstrated
a better knowledge and accurate understanding of the human
genome project. Most participants listed the internet and
physicians as the sources of additional genetic information, and
few participants listed books, articles, testing sites, teachers,
and professional organizations as their sources.
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Gallo et al [34] identified 4 unique information management
patterns among parents of children (3-15 years) who have a
single gene condition: accurate understanding–open pattern
(30/86, 35%), accurate understanding–selective pattern (21/86,
24%), discrepant understanding pattern (13/86, 15%), and
confused understanding pattern (22/86, 26%). In the accurate
understanding–open and accurate understanding–selective
(51/86, 59%) patterns, the parents had an accurate understanding
of genetic concepts and were differentiated from one another
based on their views about sharing information. The participants
in the accurate understanding–open group actively sought
information about conditions in addition to the information
received from the health care providers (HCPs) and were open
to sharing information about the child’s condition. On the other
hand, participants in the accurate understanding–selective group
struggled with sharing information about the child’s condition.
In the discrepant understanding group, the parents within a
family differed in the accuracy of their understanding of the
genetic aspects of the condition and varied in their beliefs about
seeking and sharing information. In the confused understanding
group, the parents generally had an inaccurate understanding
of one or more of the genetic aspects of the condition and some
felt that they were unable to share information with others owing
to a lack of understanding.

Use of Internet and Social Media for Genomic
Information
Of the 14 studies, 3 (21%) studies investigated how parents of
children with genetic disorders or children referred for genomic
services searched the internet for information and emotional
support about their child’s condition [33,35,36]. Barton et al
[33] interviewed the parents of children who underwent genetic
testing for clinical care, Roche et al [35] interviewed parents of
children referred for genetic services, and Schaffer et al [36]
interviewed mothers of children with genetic disorders.

Barton et al [33] reported that at each stage of the genetic testing
process (ie, before testing, pending results, and after results),
informational and support needs of the parents were different.
Before testing, many parents had little knowledge of genetic
testing or conditions; some parents said that knowledge of
genetic conditions and testing was restricted to Down syndrome.
The internet was used to explore the possible diagnoses or
explanations for their child’s symptoms or challenges before
testing, information about the genetic process during testing,
and information about their child’s new diagnosis and possible
treatments after testing [33].

All 3 studies found that parents search the internet to learn about
the child’s condition, locate services for treatment, and find
emotional support [33,35,36]. For example, Facebook groups
[33], personal web pages, listservs, and chat rooms hosted by
parent support groups [36] were mentioned as important
resources to find support networks of families with similar
experiences. Parents also found that searching using symptoms
or diagnostic terms on widely available search engines such as
Google or Yahoo or other websites sponsored by large health
or advocacy groups (American Medical Association, Web MD,
National Organization for Rare Disorders) played a key role in
web-based searches [35]. Other targets for parents’ searches

included preparing for the visit, learning about genetic testing
options, diagnostic and prognostic information, management
and treatment, finding clinical trials, and reading about research
advances [33,35,36].

Roche et al [35] reported that the advantages of using the
internet for information included convenience, feeling that
clinicians were taking the parents more seriously, privacy, and
the ability to find previously unobtainable information. In
addition, Schaffer et al [36] reported that internet-searching
allowed parents to gain traditional forms of scientific literacy,
confidence in communicating with clinicians, and a sense of
authority over genetic knowledge. Barriers to using the internet
for information included emotional distress, unavailability of
valid diagnosis to search for, discouragement from providers,
misinformation, false hope, anxiety, concerns about the child’s
privacy [33], keywords for searches, relevancy, and difficulty
in remembering or spelling the diagnosis [35].

Use of Genomics Information for Decision-making
Of the 14 studies, 3 (21%) studies explored parents’ and
adolescents’ preferences in decision-making in relation to
genomic sequencing results [12,38,39]. These studies reported
mixed feelings about receiving genomic results; some
participants felt that it may be burdensome or raise privacy
concerns [12], whereas others felt that it would help with future
planning [12,38]. Myers et al [38] found that adolescents, in
particular, expressed a desire to receive genomic information.
However, adolescents were significantly less likely than parents
to learn all results and that carrier status was the most frequent
category that adolescents chose to learn about followed by
adult-onset conditions, preventable conditions, and treatable
conditions.

McGowan et al [12] found mixed perceptions among the
participants regarding the adolescents’ capacity to participate
in decision-making regarding genetic results [12]. In general,
the participants agreed that participation in decision-making
about the return of genomic research results should depend on
age, maturity, and personality of the adolescent [12]. Regarding
collaborative decision-making, parents felt that they should
have the final say in decision-making about the return of
genomic results. However, many adolescents felt that their
decisional preferences would differ from their parents and that
a collaborative decision-making model involving a health care
representative could serve as an advocate for adolescents’
preferences.

Rew et al [39] found that when asked to make decisions about
genetic testing, the mean age that young adolescents (aged 14-17
years) suggested was 16.6 years, whereas older adolescents
(aged 18-21 years) suggested a higher mean age of 18.25 years.
Almost half (45.5%) of the young adolescents also said that
their parents would be their main source of information and
advice related to decision-making regarding genetic testing.

Hopes and Attitudes Toward Receiving Genomic
Information and Support
Of the 14 studies, 2 (14%) studies explored the hopes and
attitudes toward receiving genomic information and support
among parents of pediatric patients [40,43]. Khan et al [40]
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investigated the types of information used by adult patients and
parents of pediatric patients who have a suspected genetic
condition that has not been definitively explained or diagnosed.
Campbell et al [43] explored the emotional supports,
communication information, and implementation of genetic
referrals among parents of children with congenital heart defects.
Khan et al [40] found that the most common kinds of
information that parents hoped to learn from diagnostic
sequencing were the cause of illness (119/269, 44.2%),
directions for illness management (98/269, 36.4%), diagnosis
(72/269, 26.8%), disease risk for family members (62/269,
23%), helping others (31/269, 11.5%), advancing science
(16/269, 5.9%), miscellaneous knowledge (14/269, 5.2%),
prevention (8/269, 3%), and family planning (5/269, 1.9%).

Campbell et al [43] found that 16.7% of parents reported they
were very satisfied, 33.3% were satisfied, 25% felt neutral, and
25% felt dissatisfied with the emotional support they received
from their HCPs. Moreover, 80% of parents did not recall being
referred to a support group by their HCP. When asked whether
their child had been given a specific diagnosis, 48% of parents
could not correctly recall their child’s specific diagnosis and
72% of parental classifications did not correspond to specific
clinical classifications. In total, 56% of parents also reported
that they sought additional information resources after talking
to their HCP.

Experiences With Genetic Counseling
Of the 14 studies, 1 (7%) study investigated the experiences of
genetic counseling for adolescents with a genetic condition [16].
The 3 main themes that emerged during interviews were
understanding the genetic counselor’s role, increasing perceived
personal control, and adolescent-specific factors influencing
adaptation to one’s condition. The participants generally felt
that they had a better understanding of what genetic counseling
entailed and the distinct differences of a genetic counselor’s
role from other HCPs after the session. This was owing to the
discussion of biological pathways, inheritance and recurrence
risk for future children, and preparation for the future during
the session. In addition, all the participants felt that learning
about genetics, inheritance, and origins of the condition was an
important outcome of the genetic counseling session. In addition,

genetic counseling helped the participants to contextualize the
condition as part of their identity, receive anticipatory guidance
about the future, and feel a higher sense of ownership and
control over their health.

The main adolescent-specific factors that were reported to
influence adaptation to one’s genetic condition were isolation,
social connectedness, independence and privacy, and the timing
of genetic counseling [16]. Adolescents noted feeling isolated
as a result of their condition and being treated differently to
others. In addition, the adolescents’ perspectives about their
condition were influenced by social connectedness with family,
peer groups, and the larger community of other individuals with
the same condition. As such, the participants expressed a desire
to fit in and be perceived as normal by their friends. Although
adolescents sought social connectedness, they expressed a need
for independence and privacy, particularly within the family
construct. Finally, the participants stated that they felt a greater
sense of stability during the middle school to high school period
than during the elementary school period and felt that it was a
more appropriate timing for genetic counseling.

When asked about the tools and strategies for genetic counseling
practice, the participants suggested using video clips and
animations on a computer or tablet to describe the inheritance
or biological processes, the normalization of their condition,
and the ability to choose whether parents are present for all or
a part of the session. In addition, the adolescents suggested that
the genetic counselor could assist them with identifying reliable
resources to gather information about their condition, support
groups, and a postsession letter highlighting the key points
relevant to them.

Interventions to Improve the Knowledge of Genomics
Of the 14 studies, 2 (14%) studies investigated the impact of
interventions in improving the knowledge and understanding
of genetic concepts [3,41]. The results of these 2 studies are
presented in Table 2. Both studies used the Genetic Knowledge
Index (GKI) developed to assess lay knowledge of genetic
concepts among a general population not known to be at risk
for genetic disease and not exposed to genetic counseling or
research involving genomics, to test the understanding of genetic
concepts among participants [45].
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Table 2. Overview of studies that investigated the impact of interventions on improving the knowledge and understanding of genetic concepts.

Posttest resultsPretest resultsAims of the researchStudy

Whether an original children’s book
called “What DNA Does,” designed
as a visual aid to assist in the assent
process for children enrolling in genet-
ic testing research, could increase the
child’s and parent’s understanding
about “DNA” and “genes” and
whether children reading the book
with a pediatric nurse would result in
a better understanding of genetic
concepts than reading the book with
a parent.

Newcomb et al [3] •• GKI was not completed after the test.Median GKIa score was 4 (0=all in-
correct and 5=all correct), with 54%
of respondents making only 1 incor-
rect response; most difficult item:
“Racial differences in academic
ability are caused by genetics.”

• After reading the book, most children
had more articulate and accurate under-
standings of “DNA,” but no better under-
standing of its function; 2 children were
more confused after reading than before.

• Children who read the book with a nurse
had a better understanding of DNA’s
function than those who read it with a
parent.

• Both parents’and child’s understand-
ing of the terms was minimal before
reading the book; no participants
mentioned learning about genetics or
DNA in school. • Increased accuracy of describing the

meanings of DNA and gene was
demonstrated by all the participants in
the nurse–child–parent reading group
and in two-third of the children in the
parent–child reading group.

• A total of 65% (17/26) of parent re-
spondents said they did not know
what DNA was or stated vague or
inaccurate definitions. 

• None of the child respondents was
able to explain DNA in simple terms,
although some were able to repeat
phrases they had heard.

• The primary recurring theme in the
conversations about DNA before
reading the book was “blood”; both
children and parents expressed the
idea that DNA is somehow closely
related to or is a part of blood and
that blood has something to do with
human identity.

Whether a 2-step consent using a
structured communication model
would improve the knowledge and
understanding of key genetic concepts
among parents of children with can-
cer. The model involved a single
study nurse who approached and ob-
tained consents from the families with
a standardized script, an informational
cover sheet, and baseline pretest re-
sponses to educate parents on genetic
concepts during the study introducto-
ry visit. At the subsequent informed
consent visit, the nurse used a check-
list and an informed consent docu-
ment to review and reinforce con-
cepts. 

Johnson et al [41] •• After completion of the 2-visit interven-
tion, correct responses increased signifi-
cantly for 9 of 11 genetic concepts and
overall genetic knowledge; the median
percentage of total correct answers im-
proved from 77.8% to 88.9%.

More than 85% of the parents identi-
fied correct answers to 4 of 11 genet-
ic concepts; most knew that “genes
are made of DNA,” “genetic risk is
the chance of having an inherited
(passed down) disease or disorder,”
“healthy parents can have a child
with an inherited disease,” and “ge-
nomic testing of your child’s tumor
and healthy tissue may teach you
things about (multiple choice respons-
es).”.

• The rate of understanding that somatic
mutations are only found in cancer cells
increased from 18% to 59% and under-
standing that germline mutations are
found in every cell of the body went
from 31% to 64%.

• •Baseline understanding of differences
between somatic and germline muta-
tions was poor; 31% of parents an-
swered correctly, “nontumor
(germline) mutations are in every cell
of your body,” and 18% answered
correctly, “tumor (somatic) mutations
are only found in cancer cells.”

No association was detected between
the change in the overall percentage of
correct answers and parental numeracy,
literacy, or sociodemographic factors.

aGKI: Genetic Knowledge Index.

Discussion

Principal Findings
This review reveals important information regarding the current
genomic health literacy levels among pediatric populations and
the attitudes they hold toward receiving genomic information
and decision-making. The findings from this review are valuable
in informing the design of digital health platforms, such as the
UCAN genomics education platform, that aims to educate young
patients with JIA about genomic concepts. We found that age
is associated with increased genomic health literacy levels and
increased perceived capacity to participate in decision-making

regarding genomic information. It was also found that
internet-searching is valued by young people and parents for
information on diagnoses and symptom management and to fill
critical gaps in communication with their HCPs. In addition,
we found that adolescents found key differences in receiving
genomic information from genetic counselors, compared with
HCPs, which helped them contextualize their condition as a
part of their identity.

Patient education regarding genomics is an emerging area of
research and nearly half of the selected studies describe the goal
of assessing genetic or genomic knowledge among the
participants. The studies in this review found that genomic
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health literacy is generally low among patients with genetic
conditions and their parents. Several studies in our review found
that age plays a significant role in young people’s understanding
of genetics [16,37,39] and their decision-making capabilities
[12,38]. These findings might reflect the general teaching
practices in the United States, Canada, and the United Kingdom,
where genetic concepts, such as genetics, inheritance, and DNA,
are formally introduced to students during the high school period
(15-16 years) [46-48]. A study by Dougherty et al [46] assessing
grade 12 students’ understanding of essential genetic concepts
across the United States, using core concepts developed by the
American Society of Human Genetics as normative benchmarks,
found that the states’ understanding of genetic concepts was
generally poor, with more than 85% of the states receiving
overall scores of inadequate. A total of 14% (2/14) of studies
in our review evaluated the change in understanding and
knowledge of genetic concepts using the GKI among the
participants [3,41]. These studies found that the oral presentation
of information combined with a visual aid such as a brochure
[41] or a children’s book [3] improved understanding among
participants. Both studies also indicated that the presence of a
nurse to explain genetic information was beneficial in guiding
knowledge acquisition among both children and parents.
Although both interventions reported an improvement in genetic
literacy after the intervention compared with before the
intervention, the understanding of some genetic concepts such
as the difference between somatic and germline mutations [41]
and DNA functionality [3] remained suboptimal after the
intervention. Owing to the complex nature of genetic concepts
and the general difficulty that children face in understanding
the functionality of genes, genetics [3,37], and whole-genome
sequencing [39], it may be valuable to limit patient education
to high-level information about genomics, genetics, and how
they relate to the patient’s disease.

Numerous studies highlighted the importance of
internet-searching and seeking emotional support on the web
among parents of children with genetic illnesses
[33,35,36,39,45]. In general, searching the internet was reported
as a key step in knowledge acquisition, improving
understanding, and finding treatment options and to fill the gap
of social support by finding networks of families with similar
experiences. These findings are consistent with research on
patients with JIA, who have listed the internet as a source for
general information on JIA and emotional support [49,50].
Studies also reported that having a diagnosis played a key role
in internet-searching; other research in children undergoing
exome sequencing has found that families place significant
value on receiving a timely diagnosis, information, and
knowledge for rare illnesses [14,51]. The internet has drastically
increased parents’ access to the previously privileged health
information, potentially changing their expectations and
affecting their relationships with HCPs [36,52-54].

eHealth users list the internet as a source of health information
but may not always feel comfortable sharing this information
with their child’s physician; a study by Tuffrey and Finlay [55]
found that 84% of parents who used the internet before a
pediatric visit evaluated the information they obtained as useful
but only a small proportion of these parents discuss what they

found on the internet with their child’s physician. Similarly,
several studies in this review reported that parents generally felt
dissatisfied with the information they received from their health
care practitioners [43], received discouragement from providers
to search the internet for information, [33] or felt uncomfortable
sharing the information they found on the internet with their
physicians [35]. In addition, parents expressed the need for
receiving more information from their HCPs and sought
additional resources after talking to their HCPs. These findings
are similar to the research with patients with JIA; a study by
van Dijkhuizen et al [56] found that patients with JIA were most
dissatisfied with the low rates of referrals and the information
about immunizations, research, and existence of transition of
care clinics. It is evident that eHealth resources play a large role
in knowledge acquisition for parents of pediatric patients. Future
research should aim to find strategies to improve
knowledge-sharing among HCPs, patients, and parents; decrease
the discouragement of internet-searching from providers; and
guide parents toward reliable and credible internet resources
for information and emotional support.

Similar to the studies that highlighted the differences in the
knowledge of genomic concepts among young children,
adolescents, and parents, several studies highlighted the
importance of age in decision-making and the preferences
related to genetic information [12,38,39]. Although most
adolescents wished to be involved in the decision-making
process, parents expressed concerns regarding their child’s
privacy and capacity to understand genetic information. In
general, most participants preferred a shared decision-making
model involving the child, parents, and health care practitioners.
Several studies exploring decision-making views among patients
with chronic illnesses have also reported that a shared
decision-making model is preferred by adolescents and their
parents [46-48]. In particular, research in the population with
JIA has shown that adolescents wish to be a part of the
decision-making process and that the parents and providers play
a key role in involving children in decision-making and
educating them about their disease [57,58].

Research regarding the psychological impact of returning genetic
information to children has shown mixed results. A review by
Wakefield et al [59] found that serious adverse psychological
outcomes such as anxiety, depression, and distress from
receiving genetic information were uncommon among children;
however, some children experienced interfamilial distress,
discrimination, and regret. Research has also shown that
receiving genetic information during childhood may allow for
early psychological adjustment and the ability to share
information with other family members [60]. More research is
required to assess the psychological impact and ethical
implications of returning genetic information to children,
especially for conditions that may not be treatable or modifiable
[59]. Therefore, although adolescents prefer to be involved in
the decision-making process, a shared decision-making model
involving the adolescent, parents, and HCPs may be best suited
for decision-making involving the return of genetic information
for adolescents with genetic illnesses.

Although only 7% (1/14) of studies explored adolescents’
experiences with genetic counseling [16], it presents important
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implications for sharing genomic information with young
adolescents. Adolescents reported key differences in their
experiences talking to a genetic counselor compared with an
HCP and felt that learning about genetics, inheritance, and
origins of the condition helped them contextualize their
condition as a part of their identity and helped them understand
their disease. Interestingly, the participants also suggested using
videos to describe genomic concepts; a study by Sabatello et al
[15] also found that a video format was more effective in
increasing self-reported genomic knowledge compared with a
pamphlet format. Similar to our findings in the knowledge and
decision-making categories, the participants reiterated that age
was an important factor in their understanding of genetic
information and that high school was a more appropriate period
to receive genetic counseling compared with elementary school.
However, it is important to consider that 1 study is not
representative of the general attitudes that adolescents have
toward genetic counseling and more research must be done in
the field of genetic counseling and patient education among
children and adolescents.

Although the primary purpose of our research was to investigate
the knowledge of genomic concepts, in particular, most results
from our search returned studies focused on genetic testing,
perhaps owing to the novelty of the field of genomic education
among pediatric populations. We leveraged a broad search
strategy to encompass findings from various fields of genomics
health literacy and patient education, which can be leveraged
to inform the design of digital health interventions for genomics
education. In addition to conducting formative research for the
UCAN study, The Centre for Global eHealth Innovation at the
University Health Network has developed and conducted
usability studies for multiple patient-centric digital applications
that aid in the self-management of chronic diseases such as
diabetes [61], asthma [62], arthritis [63], prostate cancer [64],
and heart failure [65]. The overarching theme among these
studies has been to find strategies to engage and educate patients
about their chronic illness to facilitate informed decision-making
and disease self-management. Thus, the following findings (in
no particular order) presented in Textbox 2 could be considered
for developing design principles for digital health interventions.

Textbox 2. Key findings for informing the design of patient education digital health interventions.

Key findings

• Providing the patients and parents a high-level overview of genomic concepts relevant to their condition, supplemented by an overview of genetics
if applicable to the patient.

• Curating and separating educational content for different age groups (young children, adolescents, and parents) based on their differing capacity
to understand genomic information.

• Using visual aids such as illustrations and videos to facilitate engagement.

• Testing the understanding of genomic and genetic concepts without creating the pressure of a test environment, for example, by leveraging
quizzes such as the Genetic Knowledge Index before and after providing the patient and parents with educational materials or through a deeper
discussion among patients, parents, health care providers or nurses to evaluate the understanding of genomic and genetic concepts.

• Providing a repository of credible and reliable web resources for patients and their parents to seek information relevant to their condition and to
seek emotional support in the community.

Most studies in this review were qualitative or mixed methods
studies and used methods such as interviews or surveys to gather
data from patients, which likely reflects the state of science in
pediatric populations and, for most genetic illnesses, remains
at the purely exploratory or descriptive level at this time. A
limitation of our study is that our understanding of patient
education interventions is still limited as only 14% (2/14) of
studies leveraged an intervention design to evaluate the change
in genetic knowledge of the participants [3,41]. A key limitation
of the intervention by Newcomb et al [3] was that the
participants were not asked to complete the GKI questionnaire
after the test and the understanding of concepts such as DNA
and genes was assessed qualitatively among the participants,
which may have led to subjectivity and bias in reporting of
posttest results. Another limitation was that the study by Johnson
et al [41] investigated learning in parents with a mean age of
37.5 years. Thus, the findings from the study by Johnson et al
[41] may not be applicable to inform the design of patient
education interventions for children. More research that
incorporates intervention methodology to evaluate participants’
genomic health literacy levels and attitudes is required to
evaluate the best tools for improving genomic literacy in
children.

Another limitation of our review is that 29% (4/14) of the
included studies investigated the understanding of genetic
concepts among populations that do not have any specified
disease [12,37-39]. Although it is valuable to gauge the level
of genetic knowledge and understanding in the general public,
the knowledge and attitudes toward receiving and seeking
genomic information may be very different for families in which
a family member has a medical condition compared with
populations that are not diagnosed with a genetic condition.
Moreover, of the 14 studies, 8 (57%) included parent study
populations and only 6 (43%) included child and adolescent
populations, which may be because of the ethical barriers that
currently exist in returning genetic information to children or
evaluating their role in genetic decision-making [20,21].

In addition, a key consideration is that we used a broad
definition for the terms genetic and genomic information for
the inclusion criteria, which align with the definition of genomic
health literacy: “basic knowledge of genetic and genomic
concepts and the capacity to obtain, process, understand, and
use genomic information for health-related decision-making”
[6]. The rationale behind using a broad definition and including
study populations with a broad range of genetic and genomic

J Med Internet Res 2021 | vol. 23 | iss. 12 | e26684 | p.208https://www.jmir.org/2021/12/e26684
(page number not for citation purposes)

Gupta et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


illnesses was to capture a diverse range of ongoing initiatives
that aim to improve genomic health literacy. However, the key
findings to curate design principles for digital health
interventions are considerations to create digital health
interventions for all pediatric populations with genetic conditions
and not specific to a singular genetic illness.

Furthermore, the inclusion criteria were limited to studies from
the past 12 years to capture lead practices and emerging trends
in digital health interventions and genomics. However, a larger
sample of relevant studies on patient education and genomic
health literacy may have been captured if studies older than 12
years were also included.

Moreover, the ability to cross-culturally compare the knowledge
and understanding of genetic concepts was limited because most
of the studies were conducted in the United States and only
studies published in English were included in this review. This
may have also led to bias when reporting results of genomic

knowledge among children and their parents as educational
systems vary across different countries.

Conclusions
Our review indicates that although pediatric patients and their
parents have a positive attitude toward learning genomic
information, we still have little knowledge about the genomic
health literacy levels among children and adolescents, their
capacity to understand genomic concepts, how this information
can be presented, and what best practices can be leveraged to
design digital health patient education interventions for genomic
education. The rise of the personalized and precision medicine
approach demands more patient and parent engagement, and it
is the medical world’s mandate to develop tools that improve
patient education on disease knowledge and genomic factors
involved. Thus, there is a need for studies that examine the
genomic health literacy and modalities to inform the design of
digital interventions that aim to educate adolescents and children
with pediatric illnesses about genomics.
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Abstract

Background: The importance of effective communication during public health emergencies has been highlighted by the World
Health Organization, and it has published guidelines for effective communication in such situations. With video being a popular
medium, video communication has been a growing area of study over the past decades and is increasingly used across different
sectors and disciplines, including health. Health-related video communication gained momentum during the SARS-CoV-2
pandemic, and video was among the most frequently used modes of communication worldwide. However, although much research
has been done regarding different characteristics of video content (the message) and its delivery (the messenger), there is a lack
of knowledge about the role played by the characteristics of the recipients for the creation of effective communication.

Objective: The aim of this review is to identify how health video communication outcomes are shaped by recipient characteristics,
as such characteristics might affect the effectiveness of communication. The main research question of the study is as follows:
do the characteristics of the recipients of health videos affect the outcomes of the communication?

Methods: A scoping review describing the existing knowledge within the field was conducted. We searched for literature in 3
databases (PubMed, Scopus, and Embase) and defined eligibility criteria based on the relevance to the research question. Recipient
characteristics and health video communication outcomes were identified and classified.

Results: Of the 1040 documents initially identified, 128 (12.31%) met the criteria for full-text assessment, and 39 (3.75%) met
the inclusion criteria. The included studies reported 56 recipient characteristics and 42 communication outcomes. The reported
associations between characteristics and outcomes were identified, and the potential research opportunities were discussed.
Contributions were made to theory development by amending the existing framework of the Integrated-Change model, which is
an integrated model of motivational and behavioral change.

Conclusions: Although several recipient characteristics and health video communication outcomes were identified, there is a
lack of robust empirical evidence on the association between them. Further research is needed to understand how the preceding
characteristics of the recipients might affect the various outcomes of health video communication.

(J Med Internet Res 2021;23(12):e30962)   doi:10.2196/30962
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health communication; video communication; communication outcomes; recipient characteristics; recipient factors; health video
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Introduction

Communication in Public Health Emergencies
Effective communication in public health emergencies is crucial,
as people need to not only know but hopefully also understand
the health risks they face and what actions they can take to
protect themselves, their close ones, and the society from health
hazards. The importance of communication in public health
emergencies has been highlighted by the World Health
Organization in the guidelines for risk communication in public
health emergencies policy and practice [1]. The guidelines
reflect the complexity of the topic, as several dimensions prove
to determine the effectiveness of communication and must
therefore be taken into consideration. Dimensions include
information accuracy, timeliness and frequency of
communication, clarity of language, use of appropriate media
channels, building trust with local communities, the use of
visuals in combination with—or instead of—text, and the use
of new communication channels such as social media. Adding
to the complexity, multimedia approaches have been found to
be more effective than single media approaches [2].

In recent years, video communication has received increased
attention across multiple fields, from education to science, risk,
and health communication. Video allows rapid communication,
is flexible and able to incorporate empathy, and has good
outreach potential. Video communication gained further
momentum during the COVID-19 pandemic, and most of the
communication aimed at the population was through video. The
effectiveness of delivering education through video has been
widely investigated even before 2019 [3-7]; however, the
COVID-19 pandemic has magnified and speeded up its adoption,
and consequently, we can see increased research efforts in the
area of effective communication using video [8-14].

Health Communication
Health communication, which is defined as the dissemination
and interpretation of health-related messages [15], is a
well-established research area, with >300,000 search results in
Google Scholar. A total of 4 elements have emerged from this
extensive body of literature. The first element is the pervasive
effort of theorizing health communication and putting it into
practice [16-21]. The second element is the importance of
cultural context for the planning and effectiveness of health
communication interventions. On the one hand, different cultures
require different health communication strategies [22,23];
however, within the same cultural context, different population
groups need diversified communications to ensure effectiveness
[24-26]. Thus, international literature often mentions the terms
tailored and targeted health communication strategies designed
to enhance the relevance of health information to a given
audience [27,28]. The third element is empirical evidence
concerning the effectiveness of health communication in
achieving behavioral change or other public health goals (eg,
the eradication of polio and other immunization coverage
interventions) [29-32]. The fourth element is the challenge of
reshaping and adapting health communication to reflect
technological developments and societal changes. Indeed, the
web-based environment, social media, advancements in artificial

intelligence, and developments of health care (eg, eHealth and
telemedicine) pose a challenge to health communication in the
information age [33-37]. Furthermore, societies—especially
those with universal health care systems—are called to tackle
the health inequalities arising from technological advancements.
Health communication must consider the digital divide and the
different digital health literacies of the population to be effective
[38]. This can be extremely relevant during pandemics, as, in
the case of the COVID-19 pandemic, the groups affected by the
digital divide and generally having less digital health literacy
were the most affected [39-41].                                         

Although much research has been conducted on video
communication itself, there is less evidence regarding whether
the outcomes (eg, knowledge, attitudes, compliance, and
behavior) of health video communication are affected by the
various characteristics (eg, sociodemographic, personality and
values, and environmental factors) of the recipients of this
communication. Health video communication refers to
communicating health information through video format
regardless of style (eg, animation, text over image, interviews,
and voice over image). Health communication is multifaceted
and variably affected by the messenger, message attributes, and
recipient characteristics (eg, sociodemographic, personality and
values, and environmental factors). This study aims to address
this gap by identifying the relevant recipient characteristics and
health video communication outcomes reported in the literature
and the relationship between them. In this review, the concept
of health video communication does not refer solely to public
health communication videos but rather to health videos in
general, including instructional videos for patient training and
education, videos from public health prevention campaigns,
and in-hospital informational videos.

A Health Communication Framework
For this study, we chose the Integrated-Change (I-Change)
model (Figure 1) developed by Hein de Vries [42] as the study’s
theoretical framework. As the driving research question is to
identify recipient characteristics, outcomes of health video
communication, and any relationship between them, the
I-Change model fits the research question and the
methodological approach of this study. Moreover, the
categorization presented in the model is useful for discussing
results and understanding the current state of knowledge and
research practice. The I-Change model is an integrated model
of motivational and behavioral change that combines elements
from the theory of planned behavior [43], the social cognitive
theory [44], the Transtheoretical Model of Health Behavior
Change [45], the Health Belief Model [46,47], and the
goal-setting theory [48,49]. The integration of these elements
into a single health communication framework has made the
adoption of the I-Change model appropriate as a basis for this
study. The model states that both covert (hidden and not
observable) and overt (visible and observable) behavior is
determined by a person’s motivation or intention. In turn,
motivation depends on attitudes, social influences, and
self-efficacy. Attitudes are defined as the perceived cognitive
and emotional advantages and disadvantages of a person’s
behavior. A person’s social influences comprise social modeling
(the perception of others having this behavior), social norms
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(the norms that people have regarding this behavior), and social
support received from others when performing the behavior.
Self-efficacy refers to the personal judgment of how well one
can execute the courses of action to deal with prospective
situations [44].

The model assumes that the communication outcomes
(awareness, motivation, action, and behavior) depend on 2
determinants: information factors and preceding factors.

The information factors (Figure 1) have long been debated in
international literature, and the importance of the source,
channel, message, and messenger’s personal factors in
influencing the outcomes of communication has been
demonstrated in a wide range of disciplines, including, but not
limited to, health, education, marketing, and risk communication
[23,50-54].

The preceding factors (Figure 1) are predisposing factors of the
recipients of the communication and comprise four categories:
biological factors (eg, gender or sex and ethnicity),
psychological factors (eg, personality, depression, and anxiety),
behavioral factors (eg, lifestyle and adherence to
recommendations), and environmental factors (eg, public health
policies and availability or lack of resources at the community
level). We are aware that gender is not a biological factor and
is distinct from sex, but for the purpose of this study, we chose
not to further elaborate on the difference between the 2 concepts.
The terminology introduced by the I-Change model was adopted,
and throughout the article, the terms preceding factors and
characteristics of recipients are used interchangeably. This
study focuses on the influence of preceding factors on health
video communication outcomes.

Figure 1. The Integrated-Change model.

Methods

Overview
The literature on recipient characteristics is heterogenous with
regard to subject groups, methods, research questions, and
disciplines. Thus, a scoping review approach was chosen to
identify the nature and degree of evidence available in the
international literature. Our review followed the five stages
according to the methodological framework developed by
Arksey and O’Malley [55], which we chose for its completeness:
(1) identification of the research questions, (2) identification of
relevant studies, (3) selection of studies, (4) data extraction and
management, and (5) summary and analysis of results.

Research Questions
This scoping review aimed to explore the role that recipient
characteristics (biological, psychological, behavioral, and
environmental factors) play in the outcomes of health video
communication by (1) identifying which recipient characteristics
and outcomes of health video communication were reported in

peer-reviewed literature, (2) adapting the I-Change model to
health video communication [42], (3) providing a categorization
of both recipient characteristics and outcomes into the adapted
model, and (4) investigating the relationships between recipient
characteristics and health video communication outcomes
reported in the international literature. This process will
contribute to the existing knowledge on health communication
by providing a comprehensive framework for health video
communication effectiveness studies. The research questions
driving this study were as follows:

1. What are the characteristics of recipients that might
influence the outcomes of health video communication?

2. What are the outcomes of health video communication?
3. What relationships exist between the recipient

characteristics and the outcomes of health video
communication?

Literature Identification
We searched three main databases for public health, social
sciences, and biomedical studies on health video
communication: PubMed, Scopus, and Embase. Additional
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literature was identified using the snowball method [56,57].
The relatively large number of papers identified in the initial
search led us to limit the search to peer-reviewed literature. The
search string was designed by relying on the
population-concept-context framework, as suggested by the
scoping reviews chapter of the Joanna Briggs Institute Manual
for Evidence Synthesis [58]. The framework comprises defining
a string for each component and subsequently combining them
into the final search string. The string for the population
component was (people OR patient* OR recipient* OR receiver*
OR viewer* OR person).

The string referring to the concept was ([past OR previous OR
prior] AND [knowledge OR experience]) OR ([person* OR
individual*] AND [characteristic* OR propert* OR value*])
AND (outcome* OR attitude* OR behavi* OR accept* OR
learn* OR react* OR respon*).

The string for the context component was (communic* AND
video AND health).

Data from the 3 databases were extracted on December 12,
2020. The search was limited to results published in English
only, whereas no restriction was applied to the publication year.
The complete search strategy was validated by 2 of the coauthors
and is available in Multimedia Appendix 1.

Selection of Studies
The first step of the selection process comprised removing
duplicates (approximately one-third) to confirm the
completeness of the search string and strategy. In addition to
incomplete or unavailable studies, studies were excluded based
on title and abstract assessment if (1) they did not focus on
recipient characteristics or on specific populations (eg, people
who are visually impaired or deaf), (2) they did not focus
specifically on health video communication (video used for
other purposes, eg, video as a recording tool, referred to video
games, video teleconference, video for the education of medical
students, video calls, video physician–patient communication,
or video simulation), or (3) they did not use video as the main
communication method. Studies were included if they met both
of the following criteria: (1) they focused on health video
communication, and (2) they took into account at least one
recipient characteristic. No inclusion or exclusion criteria were
set for the design of the identified studies. Studies included in
this phase went through full-text assessment, and the final
inclusion depended on their coherence with respect to the 2
inclusion criteria mentioned above. The criteria and the results
of each stage were made available to all the coauthors, and their
feedback was used to solve potential inconsistencies among the
scope of the study, the inclusion and exclusion criteria, and the
selected articles.

Data Extraction
Microsoft Excel was used to create data extraction forms. For
title and abstract assessment, the information stored were the
digital object identifier, inclusion or exclusion status, and reason
for exclusion. In the second stage of full-text assessment, the
information about the publication year, journal, authors, title,
document type, country, research domain, recipient
characteristics, and reported outcomes were added. All the

selected papers were saved using Mendeley, and the library was
shared among all the coauthors.

Data Analysis
The extracted data were imported into the NVivo (version 12
Pro; QSR International). The relevant topics, both regarding
the recipient characteristics and communication outcomes, were
coded. A nested coding methodology [59] was used to organize
the information in layers. The relationships between nodes were
also coded to keep track of the associations between recipient
characteristics and communication outcomes reported in the
literature. The found relationships are reported in the description
of outcomes in the Results section.

After the completion of the coding process, we moved on to
define a conceptual framework, starting with the I-Change model
and the way it highlights how the 4 dimensions of health
communication outcome (awareness, motivation, action, and
behavior) are influenced by information factors (eg, message,
channel, and source) and preceding factors (biological,
psychological, behavioral, and environmental factors). The
existence of prior research allowed us to conduct a directed
content analysis aimed at validating or conceptually extending
the existing theoretical framework, as suggested by Hsieh and
Shannon [60]. The content analysis, and especially the
identification of key concepts or variables as initial coding
categories, was guided by a structured and deductive approach
according to the I-Change model [60-62].

The need to adapt the original model emerged at the first attempt
to allocate the coded nodes to model categories, as some nodes
lacked a fitting category in the original I-Change model. A
similar approach of using content analysis to conduct knowledge
building and theory development was described by
Finfgeld-Connett [63]. The model was refined by an initial
discussion between 2 coauthors (DAL and KKB) and then
validated by the whole research group.

The final stage of data analysis was to assign nodes to the
categories of the refined model. This process was conducted
independently by 2 of the coauthors (KKB and DAL), and the
divergencies were solved through discussion. In case the
discussion did not lead to consensus, a third coauthor (SHB)
was involved to have a majority. Finally, the relationships
between the nodes reported in the literature were charted.

Results

Search Findings
The database search strategy yielded 1040 records (331/1030,
32.13% from Scopus; 392/1030, 38.05% from PubMed; and
307/1030, 29.81% from the Embase). Approximately 34.66%
(357/1030) were duplicates and thus removed, and the title and
abstract assessment was performed for the remaining 65.34%
(673/1030) of articles. Of the 673 articles, 555 (82.5%) were
removed according to the eligibility criteria. A total of 10
additional documents were identified through cross-checking
the references. In total, 128 documents were assessed for
full-text. Of the 128 papers, 39 (30.5%) met the inclusion criteria
and were included in the content analysis. The PRISMA
(Preferred Reporting Items for Systematic Reviews and
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Meta-Analyses) chart of the selection process is presented in
Figure 2. The characteristics of the selected studies are available
in Multimedia Appendix 2 [64-100].

All the included studies were published between 2000 and 2020.
There is an increasing worldwide publication trend over the

past years. As highlighted in Figure 3, the publication trend for
the articles included in this study is in line with the international
trend, which displays the novelty and growing interest in this
research topic.

Figure 2. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) chart of the selection process.
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Figure 3. Cumulative number of papers published (worldwide and included in this study). Note that the x- and y-axes have different scales.

Recipient Characteristics
The included studies reported 56 different recipient
characteristics. Some characteristics were frequently reported,
with age (reported in 33/39, 85% of analyzed articles), ethnicity
or race (26/39, 67%), gender or sex (25/39, 64%), and education
(24/39, 62%) being the most investigated, whereas others such
as sexual orientation, social network, emotional factors, or
decisional control preferences being reported only by 3% (1/39)
of studies each. Some characteristics were reported by a fair
number of studies, such as income or socioeconomic status
(SES; 13/39, 33%), beliefs and attitudes (12/39, 31%), level of
knowledge (11/39, 28%), disease severity (10/39, 26%),
previous experience (10/39, 26%), and health literacy (7/39,
18%). A complete overview of all the characteristics and the
number of reporting documents is available in Multimedia
Appendix 3, Table S1.

Preceding Factors

Overview
The analysis identified 56 different recipient characteristics. Of
the 56 characteristics, 48 (86%) could be assigned to a
corresponding category in the I-Change model. However, some
factors could not be naturally fitted in the I-Change model and
were assigned to a new category termed Knowledge factors.
Refer the Additional Category of Knowledge Factors section
for further discussion into this.

Biological Factors
The category of biological factors encompassed 14% (8/56) of
the recipient characteristics, namely age, comorbidities, ethnicity
or race, gender or sex, self-reported health status, disease
severity, current symptoms, and clinical factors. Most of these
characteristics were frequently reported by the analyzed studies,
with age, ethnicity or race, and gender or sex being the most
investigated by international literature. Clinical factors, current
symptoms, and comorbidities were rarely investigated as
preceding factors that influence health video communication
outcomes.

Psychological Factors
Almost half of the identified factors (27/56, 48%) were
attributed to the category of psychological factors such as
anxiety, depression, decisional control preferences, influential
personal factors, information priorities, preferences, values,
expectations, psychological distress, beliefs, attitudes, emotional
factors, ability to process information, motivation, perception
of treatment efficacy, treatment concerns, self-efficacy, trust in
information sources, confidence, empathy, trust in health care,
health locus of control, regulatory focus, confidence, hesitancy,
sexual orientation, hope, and personal relevance. Furthermore,
13% (7/56) factors that were attributed to other categories could
also have been included in this category, as they also have
psychological implications but were a better fit into other
categories. For example, comorbidities, self-reported health,
disease severity, current symptoms, and clinical factors were
assigned to the biological factors category; risk estimation was
attributed to the knowledge factors category; and social norms
were assigned to the environmental factors category.

Behavioral Factors
Only 4% (2/56) of the recipient characteristics were ascribed
to the category of behavioral factors: involvement and
self-reported adherence.

Environmental Factors
The environmental factors category encompassed 20% (11/56)
of the identified characteristics. The most recurrent ones were
income and SES (reported by 13/39, 33% of the studies), marital
status (7/39, 18%), and type of health insurance (6/39, 15%).
The remaining factors, generally seldom reported, were the level
of information and support that people can rely on, employment,
financial comfort, living with someone, social network, social
norms, culture, and geographical location.

Additional Category of Knowledge Factors
The added category of knowledge factors contained 14% (8/56)
of the factors. Similar to the biological factors, a significant
degree of within-group variation was observed for these factors.
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Of the 39 included studies, the education level, knowledge, and
previous experience were reported by 24 (62%), 11 (28%), and
10 (26%) studies, respectively. On the other hand, information,
perceived knowledge, and health history were reported only by
3% (1/39) of the studies analyzed. The category also included
2 relevant factors that received an average amount of coverage
in the international literature: health literacy and risk estimation
and perception.

Health Video Communication Outcomes

Overview
The included studies reported 42 different health video
communication outcomes that covered a wide range of topics.
The most frequently reported outcomes were knowledge,
including an increase in knowledge and knowledge transfer
(15/39, 38%), attitudes (9/39, 23%), behavior (9/39, 23%), and
intentions (8/39, 21%). The least frequently included outcomes
were awareness, compliance, activation, and attention, reported
by only 3% (1/39) of studies each. Some of the outcomes that
were reported by a fair number of studies included acceptance
(7/39, 18%), beliefs (5/39, 13%), usefulness of the
communication (4/39, 10%), and choice of treatment (4/39,
10%). A complete overview of all the health video
communication outcomes is available in Multimedia Appendix
3, Table S2.

The 42 health video communication outcomes reported by the
included studies were attributed to the categories of the I-Change
model as follows: 28 (66%) outcomes were attributed to
awareness and motivation (14/42, 33% of outcomes to each),
5 (12%) outcomes were attributed to a new category termed
emotions, and the remaining 9 (21%) outcomes were attributed
to the category of action that encompassed the original
categories of action and behavior. These decisions will be further
discussed in The Revised I-Change Model section.

Awareness
The most frequently reported outcomes belonged to the
awareness category, which encompassed 33% (14/42) of the
identified outcomes. Most of the included studies focused on
elements of the awareness category as the main outcome of
health video communication. The most frequently reported
outcome was knowledge, which was explored in 38% (15/39)
of the studies. The other included outcomes were expectations,
usefulness, recall of information, uncertainty, comprehension,
beliefs, perceived benefit, information, information processing,
information seeking, perceived risk, perceived prevalence, and
awareness.

Most of the reported evidence on awareness was focused on
beliefs, knowledge gain, risk and prevalence perception, recall
of information, and usefulness of communication. Syrjala et al
[64] studied patient training in cancer pain management using
integrated print and video materials and found that participants
of color were much more likely to report the perception of severe
pain than White participants (odds ratio [OR] 18.4, 95% CI
2.1-56.3; P=.01). In a study that assessed the effectiveness of
smoking cessation communication on YouTube, Romer et al
[65] found that ethnicity and current behavior affect beliefs:
Hispanic participants were found to have stronger beliefs

regarding the mortality effects of smoking, whereas current
tobacco use was negatively related to these beliefs. Pretest
beliefs, in turn, affected information processing, which is a
relevant outcome in health communication [101]. In clinical
trials video communication, Curbow et al [66] have found that
higher levels of information processing were associated with
more negative pretest beliefs about clinical trials. Recall of
information was found to be correlated with knowledge factors,
namely health literacy and level of education. In an oncology
communication setting, Visser et al [67] showed that poor
functional health literacy was a predictor for poor information
recall when using a standard communication condition without
emotional involvement. When the standard was replaced with
emotion-oriented communication, health literacy did not have
any statistically significant effect. In the context of maternal
and neonatal health clips, results showed that the higher the
level of education, the greater the information recall [68].

The generation and transfer of knowledge is one of the main
health video communication outcomes investigated in
international literature and reported by the studies included in
this review [69-73]. Evidence regarding the impact of preceding
factors on knowledge is mixed. McKenzie et al [74] reported
no significant effect of health literacy and education on prepost
maternal safety knowledge after exposure to injury prevention
video recommendations. Similarly, Bekalu et al [75] investigated
the effect of age, gender, education, race or ethnicity, and
income on increase in the knowledge of pandemic influenza
after video exposure and found no significant effect [75]. A
similar result was obtained by Curbow et al [66] in the context
of oncology clinical trial communication and by Phelan et al
[76] in the context of back surgery, where a randomized trial
showed no significant effect of preceding factors on knowledge
increase [76]. Grindel et al [77] reported both a nonsignificant
impact of preceding factors on breast cancer knowledge after
video exposure and a significant drop in knowledge scores after
1 year, meaning that 1-time communication generally leads to
increased knowledge in the short run; however, it may not be
enough to sustain the knowledge gain in the long term. An
opposite finding was reported by Hickey et al [78], who claimed
to have achieved long-term (2-month follow-up) knowledge
gain after a single viewing of a breast cancer video.

When analyzing the perceived smoking prevalence as an
outcome of peer smoking cessation communication, Romer et
al [65] found that Hispanic ethnicity (b=10.07; P=.02), female
gender (b=2.67; P=.01), increasing age (b=1.55; P=.01), and
current tobacco use (b=3.16; P<.001) were positively related
to perceived smoking prevalence.

The final communication outcome belonging to the awareness
category is perceived usefulness, and some studies have reported
it to be relevant in the context of educational videos for patients
with advanced gastrointestinal cancers [70] and in the context
of urologic oncology of patients with localized prostate cancer
[79]. However, the article by Albert et al [80] is the only study
that investigated the relationship between preceding factors and
perceived usefulness. Patients with higher self-confidence in
using health devices and less severe conditions (P=.02) and
patients of color (P=.03) perceived higher usefulness of
telemonitoring devices. Higher perception of ease of use was
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affected by higher health literacy (P=.01), previous and current
use history (P=.01), higher education level (P=.03), and married
or cohabitating status (P=.02).

Motivation
The motivation category encompassed 33% (14/42) of the
identified outcomes. Attitudes and intentions were the most
investigated outcomes, being explored by 9 (23%) and 8 (21%)
of the 39 analyzed studies, respectively. Acceptance, perceived
self-confidence, perceived response efficacy, treatment
preference, satisfaction, compliance, engagement, confidence,
self-efficacy, and relevance are the remaining outcomes, and
all of them were reported by less than 10% (4/42) of the selected
studies.

More positive attitudes after exposure to video communication
have been reported by the included studies in the context of
outpatient surgical care and breast, prostate, and colorectal
cancer [77,81,82]. Only Engler et al [81] reported that, in the
German context, there were differences in the percentage of
patients with positive attitudes toward health information on
the web, with 92% of patients with colorectal cancer compared
with 79% of patients with breast cancer and 53% of patients
with prostate cancer.

The topic of confidence after exposure to health videos has been
investigated in the United States regarding vaccinations, which
is a topic that has been increasingly debated in the context of
the COVID-19 pandemic. Nowak et al [83] found overall
moderate confidence in the influenza vaccine (mean 2.78 on a
scale of 1-5 scale, with 1 corresponding to not at all confident),
with no differences between communication modalities (video,
virtual reality, and electronic pamphlet story), although the
influence of preceding factors was not investigated. When
analyzing childhood vaccine-related confidence, Mendel-Van
Alstyne et al [84] found that familiarity with the vaccine and
high SES are associated with high confidence, whereas lacking
information about issues that people were concerned about (eg,
vaccine ingredients), uncertainty of the interaction of vaccines
with children’s immune systems, and negative beliefs (eg, that
vaccines can cause illnesses) led to low confidence.

Literature from health communication has investigated the effect
of individual characteristics on intentions, focusing mainly on
biological factors [102]. Results showed that high intentions
toward activities that improve health are associated with being
a woman [103-105], increasing age [106,107], and being White
[108,109]. In the context of health video communication, all
the included studies that focused on intentions either did not
investigate the effect of preceding factors on them or reported
a nonsignificant relationship [72,74,83,85,86].

Emotions
The added category of emotions received fair attention in
previous studies, with 12% (5/42) of the identified outcomes
belonging to the emotions category. The identified outcomes
were emotional response, decisional conflict, decision quality,
decision satisfaction, and reactions. Moreover, each emotional
outcome was reported by a very limited number of studies,
which highlighted the limited amount of focus these factors
have attracted and a potential gap in the literature.

There is a general lack of evidence about how emotional factors
affect communication outcomes. Although there is some
evidence regarding emotional reactions and trust, nothing was
reported regarding the acceptance of health messages or the
effects on the decision-making process (eg, decision satisfaction
and decisional conflict) of recipients in the studies that were
eligible for inclusion in this review.

The emotional response to health video communication has
been reported to be significantly influenced by the age and
gender of the recipients. A study by Prieto-Pinto et al [68] found,
by using pupillary dilatation measures, which correlates with
autonomous nervous system arousal, that men tend to have a
greater emotional reaction after being exposed to maternal and
neonatal health video clips. In a study conducted in China that
aimed to test video versus virtual reality health communications,
Liu et al [87] found that the young and older population differ
in positive emotions after being exposed to communication: the
young individuals show a greater emotional response to virtual
reality, whereas the older individuals show a greater emotional
response to health video communication. Of the 39 included
studies, trust, which is a key outcome of health communication,
was rarely investigated, with only 3 (8%) of the papers included
in this review reporting on trust and only 2 (5%) providing
empirical evidence regarding the impact of prior mistrust, age,
and education on trust. By using a multilevel analysis model in
the context of oncology communication, Hillen et al [88]
reported a positive effect of age (P<.001) and a negative effect
of education (P=.04) on trust. By applying structural equation
modeling to investigate the reactions to survivor of breast cancer
stories, McQueen and Kreuter [89] found that the level of
medical mistrust at baseline affects the evaluation of the
communication video (β=−.29; P<.001). The lack of further
empirical evidence on trust highlights a potential gap in the
literature that future research should address.

Action
The action category, which was obtained by merging the
categories of action and behavior of the original I-Change
model, encompassed 21% (9/42) of the identified health video
communication outcomes. Outcomes belonging to this category
received little attention in the literature, with all of them reported
by less than 10% (4/42) of the included studies. Capabilities,
time to treatment, quality of communication, participation,
activation, spreading the message, and behavior complete the
list of outcomes included in the action category.

Adherence to treatment is one of the main action outcomes of
health video communication. Although adherence was often
reported by the studies included in this review, there is little
evidence of how the preceding factors affect it. In a study that
investigated the risk of nonadherence to antiplatelet medication
at the time of coronary stent placement, Palacio et al [90]
reported no significant effects of gender, race or ethnicity, health
literacy, income, education, and access to care on adherence.
Instead, adherence was statistically higher for patients with a
spouse or a domestic partner (P=.05), with a low Charlson
comorbidity score (P=.03) and high English proficiency (P=.05).
Low adherence was observed among those with a positive
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screening for depression and among patients with moderate to
severe depressive symptoms (P=.01).

In the context of maternal vaccine information communication
in the United States, Dudley et al [86] investigated the factors
associated with referring close contacts after exposure. The
likelihood of referring contacts increased for women who
intended to receive a maternal influenza vaccine (OR 1.37, 95%
CI 1.04-1.81), whereas it decreased for those who were unsure
about their infant vaccine intentions (OR 0.47, 95% CI
0.27-0.83). Participants were more likely to refer contacts if
they were confident in the safety (OR 1.64, 95% CI 1.13-2.38)
and efficacy of the maternal vaccine (OR 1.9, 95% CI
1.21-2.98), had higher perceived susceptibility to (OR 1.62,
95% CI 1.1-2.4) and severity of (OR 2.19, 95% CI 1.28-3.73)
influenza during pregnancy, and had trust in the maternal
vaccine information from academic institutions (OR 1.56, 95%
CI 1.09-2.25) and the infant vaccine information from the Center
for Disease Control (OR 1.44, 95% CI 1.02-2.05) and academic
institutions (OR 1.85, 95% CI 1.27-2.71). The associations
between the likelihood of referring contacts and ethnicity,
education, state, or having prior children were not statistically
significant.

None of the included studies reported any associations between
the preceding factors and the other action outcomes such as
activation, behavior, participation, time to treatment, or
treatment choice.

Almost one-third (12/39, 31%) of the papers included in this
analysis focused on both preceding factors and health video
communication outcomes but did not investigate the relationship
between them. Information about the preceding factors was
collected and used mainly for descriptive purposes rather than
explanatory variables [74,91-100,110].

It is noteworthy to observe how the action category received
relatively low attention from the included studies, as health
videos are often designed and used to drive behavior and
behavioral change (eg, smoking cessation, vaccination decisions,
and weight loss). Indeed, a tendency to focus on awareness and
motivation rather than on the actual behavioral outcome of the
recipients emerged from the included studies.

The Revised I-Change Model
When analyzing the included studies—coding the content and
identifying relevant nodes regarding both recipient
characteristics and communication outcomes—some gaps
emerged in the I-Change model when applied to health video
communication. Thus, we revised the I-Change model to adapt
it to health video communication and obtained an adapted
version (Figure 4) that fits the purpose and comprises three main
novelties with respect to the original version:

• The inclusion of a fifth category termed knowledge factors
within the preceding factors

• The merging of the action and behavior outcome categories
into a single category termed action

• The inclusion of an emotions category among the outcomes

Figure 4. The revised Integrated-Change model.

The category of knowledge factors was included as 1 of the
preceding factors categories as many included studies reported
multiple characteristics associated with knowledge that did not
meaningfully belong to biological, psychological, behavioral,
or environmental factors. Examples of such characteristics
include the recipients’ level of knowledge, health literacy, level

of information, ability to process information, and information
priorities.

The original model foresees action and behavior as distinct
communication outcomes, whereas our analysis demonstrated
an overlap between the 2 categories using the data from the 39
studies included in this review. Thus, we decided to merge them
into a single category termed as action.
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The emotional dimension has been shown to play an important
role in multiple outcomes of communication: risk perception,
judgment, and decision-making [111]. Emotions can both
provide significant inputs to judgments and decision-making
and can fundamentally change the process of judging and
deciding, especially when knowledge about the events is not
easily remembered or expressed [112]. Moreover, not only are
emotions influenced by preceding and information factors but
are also in a mutual relationship with the other outcome
categories, as highlighted by the 2-way arrows in Figure 4. This
represents an important amendment to the original model, as it
considers the feedback effect that awareness, motivation, and
action have on emotions.

Discussion

Principal Findings
The included studies provide an extensive overview of the
recipients’ preceding characteristics that might affect a wide
range of health video communication outcomes and present
evidence on the relationship between them. The trend observed
in Figure 3 displays the novelty and growing interest in this
research topic.

Although subsequent analysis revealed that many of the
preceding factors belong to the psychological category, only a
limited number of papers reported evidence of their impact on
outcomes, inviting further research in the area. Biological factors
were often reported by the analyzed studies.

Although knowledge and environmental factors received fair
attention in international literature, systematic and robust
evidence of their effect on communication outcomes is scarce.
Moreover, the recipients’ first language and their ability to speak
and understand the content of videos were surprisingly not
identified as relevant factors. This is because the selected studies
included only people who were able to speak the language
presented in the communication. Further research investigating
the magnitude of the impact of linguistic skills on outcomes
would positively contribute to the effectiveness of health
communication.

The category of behavioral factors appears to be
underinvestigated, with only 2 factors identified in all 39 studies
and no evidence available on the relationship with outcomes.
Although the awareness and motivation categories included the
most communication outcomes, those belonging to the action
and emotions categories were less reported by the included
studies, and there is very little evidence of how they are affected
by the preceding factors. Communication and health research
would benefit from further efforts focusing on the action
category, as it currently represents less than 10% (4/42) of the
outcomes identified in our study, with most studies preferring
to focus on awareness and motivation outcomes. This number
appears low with respect to the general aim of most health
communication interventions aimed at changing behavior.

The scarcity of evidence regarding emotions is particularly
relevant for effective health communication. Feelings and moods
motivate people to reproduce those feelings and moods, whereas,
in risk communication, the topic communicated (eg, earthquakes
and other natural disasters) usually evokes negative feelings
and moods, motivating people to act to avoid them. Emotions
are states that are not under voluntary control but are shaped
and learned associatively through experiences while being partly
innate at birth. Emotions affect attention, memory, motivation,
and action [113]; therefore, we included them as a category of
preceding factors in the adapted version of the I-Change model.

Our contribution to theory development followed the research
approach, in which the theory is understood as emerging from
data [114,115]. Indeed, the empirical approach comprises the
development of a new theory by relying on empirical
observations followed by careful analysis and verification of
hypotheses. We started with an existing theoretical framework;
however, the empirical data highlighted the misfit of the
I-Change model to the topic of health video communication.
Therefore, through data analysis, we revised the original model
and adapted it to the specific characteristics and needs of health
video communication.

As we decided to conduct a scoping review, we are aware of
the common limitations of this approach [116]. Information
was gathered from a wide range of study designs and
methodologies, and the quality of evidence was not formally
evaluated. As for the results, it does not provide a synthesized
answer to a specific question but rather an overview of the
available evidence in the literature.

Further understanding of the gaps presented in this review could
have a great impact on the effectiveness of public health
emergency communication strategies, as in these contexts, the
psychological and behavioral factors of people are key, and
emotions are able to significantly affect their decisions and
behavior.

Conclusions
Although some evidence of associations between recipients’
preceding factors and health video communication has been
reported in the literature, our analysis revealed a significant gap
in the literature, with many health video communication
outcomes and factors not yet explored. This scoping review of
the available evidence demonstrated a potential research gap,
especially concerning the emotional outcomes of communication
and the behavioral and psychological preceding factors of
recipients. The review showed that, currently, only a partial
picture of the role of recipient characteristics on the outcomes
of health video communication is available. Moreover, this
study also contributed to the theoretical development of the
I-Change model to adapt it to the needs of health video
communication.
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Abstract

Background: Loneliness and social isolation can have severe effects on human health and well-being. Partial solutions to
combat these circumstances in demographically aging societies have been sought from the field of information and communication
technology (ICT).

Objective: This systematic literature review investigates the research conducted on older adults’ loneliness and social isolation,
and physical ICTs, namely robots, wearables, and smart homes, in the era of ambient assisted living (AAL). The aim is to gain
insight into how technology can help overcome loneliness and social isolation other than by fostering social communication with
people and what the main open-ended challenges according to the reviewed studies are.

Methods: The data were collected from 7 bibliographic databases. A preliminary search resulted in 1271 entries that were
screened based on predefined inclusion criteria. The characteristics of the selected studies were coded, and the results were
summarized to answer our research questions.

Results: The final data set consisted of 23 empirical studies. We found out that ICT solutions such as smart homes can help
detect and predict loneliness and social isolation, and technologies such as robotic pets and some other social robots can help
alleviate loneliness to some extent. The main open-ended challenges across studies relate to the need for more robust study
samples and study designs. Further, the reviewed studies report technology- and topic-specific open-ended challenges.

Conclusions: Technology can help assess older adults’ loneliness and social isolation, and alleviate loneliness without direct
interaction with other people. The results are highly relevant in the COVID-19 era, where various social restrictions have been
introduced all over the world, and the amount of research literature in this regard has increased recently.

(J Med Internet Res 2021;23(12):e28022)   doi:10.2196/28022

KEYWORDS

loneliness; social isolation; older adults; physical information and communication technology; systematic literature review

Introduction

Loneliness and social isolation can occur at any stage of human
life. Particular attention has been paid to these circumstances
among older adults, an increasing demographic in many

societies. In 2050, over 20% of the population of most countries
will be over 60 years old [1], and there is a strengthening global
trend of those living alone later in their life [2]. During old age,
the size of one’s social network and the extent of social activities
are likely to reduce [3-5]. This topic has also become timely
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due to the COVID-19 crisis where various country-level
restrictions and governmental recommendations on social
distancing have been introduced [6,7]. These factors together
bring forth the importance of addressing loneliness and social
isolation among older adults.

Loneliness refers to perceived social isolation or a subjective
unpleasant and distressing feeling that results from a significant
discrepancy or mismatch between one’s actual and desired social
relationships [8-10]. In the typology of social and emotional
loneliness, social loneliness is characterized by the lack of
engaging social networks, and emotional loneliness refers to
the lack of close emotional attachment [11,12]. Social isolation
typically concerns an objectively limited or a lack of social
contact with others [8], and some of its common quantifiable
markers are a shortage in one’s social contacts and network size
[13]. Despite their similarities, loneliness and social isolation
are not the same [12,14]. Loneliness is a subjective emotional
feeling, whereas social isolation describes an objective and a
quantifiable aspect of social relationships [13]. For instance,
the quality of social relationships is more closely related to
loneliness compared to the quantity of social relationships
[12,15,16].

Recent prevalence estimates from the United States show that
more than 40% of older adults are lonely (29% occasionally
and 19% frequently) [8,17]. In Europe, prevalence estimates
range from Central and Eastern Europe’s 30%-55% to
Northwestern Europe’s 10%-20% [18,19]. As for social
isolation, a recent estimate considers 24% of older adults aged
65 and above as socially isolated [20]. Various demographics
can also be used for prevalence estimation purposes [21].
Prevalence estimates fluctuate across research studies due to
differences in the considered populations, measures, age groups,
sample sizes [22], definitions, intensity and duration of the
experience [23], and cultural differences [24]. The extent to
which people are willing to self-report their loneliness
experiences needs to be critically considered. For example,
research indicates that men are more reluctant to admit their
loneliness than women, likely due to a stigma associated with
it [25]. However, instead of asking about loneliness directly,
indirect validated measures can also be applied [17].

Loneliness and social isolation are significant predictors of
mortality [13,14,26,27], and they are associated with poorer
physical and mental health [8]. For instance, loneliness is
associated with poorer cardiovascular health [28], lower
cognitive function [29,30], depression [31,32], anxiety, suicide
ideation [33], higher psychological distress [34,35], lower
self-esteem [36], sleep and stress problems [37,38], and health
behaviors such as lower physical activity [39]. In turn, social
isolation is associated with lower self-rated physical health [40],
lower health-related quality of life and health status [41], worse
cardiovascular and mental health [42], and increased
vulnerability to dementia [43]. Therefore, it is evident that
solutions to combat both circumstances are needed.

Partial solutions to assess loneliness and social isolation among
older adults have been sought from the field of information and
communication technology (ICT). Previous literature reviews
have examined empirical studies on various types of

technologies and their effectiveness in alleviating social isolation
[44]. Other reviews address interventions targeting loneliness
and social isolation among older people, which include
technological and nontechnological approaches [45,46]. There
are also reviews on diverse technologies and caregiving that
have identified their impact on loneliness and social isolation
alleviation, among other effects [47,48]. These studies address
loneliness and social isolation from the perspective of fostering
social networking and support, together with community
interaction and engagement.

However, we assume that there are habits other than
communication with other humans that can also be related to
loneliness and social isolation, and these habits can be assessed
and tracked using novel intelligent technologies. In particular,
robots, wearables, and smart homes hold potential value in this
area. In this review, these technologies are grouped under the
term “physical ICT,” broadly referring to physical technologies
able to collect and communicate information. Robots are viewed
as embedded agents that can interact with humans or with other
robots in a socially acceptable manner, also known as social
robots [49,50]. Wearables refer to technologies that can be worn
on the human body, such as virtual reality (VR) headsets, fitness
trackers, smart watches, or smart jewelry. The term “smart
home” (or “smart house”) refers to a residence equipped with
“smart technology,” namely a variety of internet-connected
sensors and systems enabling monitoring and management to
automate and optimize control of the home environment, home
appliances, and the inhabitant’s quality of life [51].

Previous reviews have also generally reflected the effectiveness
of social robots in elderly care, including studies that address
loneliness or social isolation [52,53], and the influence of smart
houses on older adults’ quality of life, including their effect on
social isolation [54]. Recently, in the face of the COVID-19
pandemic, there has also been a stream of studies from different
fields reviewing and considering the importance and possibilities
of robots and computer agents in alleviating loneliness [55-58].
To the best of our knowledge, no prior studies have focused on
role of physical ICT solutions in assessing and combating
loneliness and social isolation among older adults.

When the solutions relate to health and care, the concept of
ambient assisted living (AAL) comes into play. AAL is a
subarea of ambient intelligence and can be defined as “an
emerging multidisciplinary field aimed at providing an
ecosystem of different types of sensors, computers, mobile
devices, wireless networks, and software applications for
personal health care monitoring and telehealth systems” [59].
AAL was first coined in 2006 by the International Medical
Informatics Association in recognition of this emerging
technology with the creation of a working group on smart homes
and AAL [60].

The aim of this study is to gain insight into how physical ICTs
can help overcome loneliness and social isolation among older
adults other than by fostering social communication with people
and what the main open-ended challenges according to the
reviewed studies are. Our focus is on empirical research
conducted from January 2006 to late May 2021, starting from
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the year in which the concept of AAL was introduced. In line
with these aims, we established the following research questions:

(RQ1) What has been studied so far, from a
sociotechnological perspective, in the field of
loneliness and social isolation in older adults using
physical ICT solutions?

(RQ2) How can physical ICT solutions help overcome
the issues of loneliness and social isolation among
older adults other than by fostering social
communication with people?

(RQ3) What are the main open-ended challenges
according to existing studies?

Methods

Data Collection
A systematic literature review was conducted to answer our
research questions. The PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) procedure [61]
was followed, when applicable, for the study objectives. The
data were collected in 2 phases. The first phase took place in
April 2020, covering the period from January 2006 to late March
2020. The second phase was conducted in June 2021, covering
the time frame from April 2020 to the end of May 2021, which
allowed us to keep the data up to date.

In both phases, the procedure was the same. We used 7
bibliographic databases: Scopus (Elsevier), Web of Science
(Clarivate), EBSCOhost (EBSCO), Social Science Premium
Collection (ProQuest), PsycINFO (Ovid), PubMed (National
Library of Medicine), and IEEE Xplore Digital Library (IEEE),
with all databases selected. The following search phrases were
used in the databases: (“ambient assisted living” OR “ambient
intelligence” OR “smart house” OR “smart home” OR “smart
environment” OR “smart assistant*” OR “intelligent assistant*”
OR sensor* OR “internet of things” OR wearable* OR robot*
OR “artificial intelligence”) AND (eld* OR age* OR old* OR
geriatr* OR senior*) AND (lone* OR “social* isolat*”).

The search was targeted toward the “title,” “abstract,” and
“keywords.” In PsychINFO, “key concepts” were selected as
corresponding to keywords. In Social Science Premium
Collection, “all subjects and indexing” including keywords and
index terms was the term used in addition to abstracts and
document titles. EBSCOhost and Social Science Premium
Collection searches were filtered to include only peer-reviewed
entries, and IEEE Xplore Digital Library was filtered for
conference and journal publications to manage the number of
irrelevant entries. All searches were limited to English language
publications.

In the first phase, the search from the 7 different databases first
produced 1830 results in total. After removing duplicate results,
the data consisted of 1001 entries. In the second phase, the
search resulted in 559 entries. After removing the duplicates

and overlaps with data from the first phase, the additional data
consisted of 270 entries. In both phases, all papers were screened
according to the predefined inclusion criteria. The studies were
included based on the following criteria:

(C1) It is a peer-reviewed article or a conference
publication.

(C2) It is a fully empirical study, using quantitative,
qualitative, or mixed methods.

(C3) The study does fully or partially research older
adults.

(C4) The study does fully or partially research human
loneliness or social isolation.

(C5) The study does fully or partially research
physical ICTs (robots, wearables, or smart homes
and houses).

Consequently, we focused on empirical studies in which physical
ICT solutions are researched with older adults and loneliness
or social isolation is explicitly examined. To be included, ICT
solutions had to be physically exploited and studied in relation
to older adults’ loneliness and social isolation, and not solely
aimed at mediating or fostering communication between people.
All study participants referred to as older adults in the selected
studies were considered eligible for our study purposes (starting
from people over 50 years old). Due to a technology-focused
research topic, all relevant studies were searched, including
peer-reviewed journal and book articles, as well as conference
publications. Studies were excluded if they were theoretical
articles or literature reviews; if they were whole books,
editorials, commentaries, study protocols, or patents; if they did
not explicitly mention older adults, loneliness, social isolation,
or any physical ICT solution; or if the full text was not written
in English.

In the first search phase, 2 coders first independently reviewed
the papers’ titles, abstracts, and keywords, after which selections
based on the predefined inclusion criteria were made. An
interrater reliability test was conducted and resulted in an
interrater agreement of 94.57% on average (mean Cohen κ=0.83,
range 0.74-0.88), indicating a successful set of criteria.
Borderline cases and disagreements were discussed with the
members of the research team. Then, 66 full papers were
screened by 2 coders against the predefined inclusion criteria,
of which 17 papers were included in the data set.

In the second search phase, we extended data collection until
the end of May 2021, and the same procedure was followed.
An interrater reliability test resulted in an interrater agreement
of 94.67% on average (mean Cohen κ=0.79, range 0.48-1.00),
replicating the success of the set criteria. Further, 11 full papers
were independently screened by 2 coders, of which 6 papers
were included in the data set. Hence, the final data set consisted
of 23 empirical studies. The diagram depicting the entire data
collection and data selection process is presented in Figure 1.
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Figure 1. Diagram of the entire data collection and data selection process including both search phases. ICTs: information and communication
technologies.

Method of Analysis
We began the analysis by examining what has been studied
from a sociotechnological perspective in the field of loneliness
and social isolation in older adults using physical ICT solutions.
A descriptive overview of the studies was obtained to include
the following basic characteristics of the studies coded into an
Excel sheet (Microsoft Corporation): research method
(quantitative, qualitative, or mixed), type of study, time frame,
study setting, older adults’ sample size, age, and gender
information, research instrument for measuring loneliness or
social isolation, type of physical ICT addressed, and focus of
the paper (detection or prediction, alleviation, or other). Then,
content analysis was performed to summarize the ways in which
new technologies can help overcome issues of loneliness and
social isolation among older adults and the main open-ended
challenges according to the included studies. Meta-analysis was
not conducted due to the heterogeneity of the reviewed
technologies and methods used in these studies. Furthermore,
our methodological choices were limited by the small number
of existing studies on the topic.

Results

Descriptive Details of the Reviewed Studies
The final data set consisted of 23 studies conducted from 2006
to the end of May 2021. Except for 1 study, all the others were
published after 2012. This suggests that the amount of research
has increased over the past decade, as depicted in Figure 2.
Studies have mostly been conducted in the United States (n=10),
Germany (n=2), and Singapore (n=2). Other countries include
Australia, Canada, Ireland, Mexico, the Netherlands, New
Zealand, and Taiwan. Among these, 2 studies included
cross-national data, 1 with participants from the United
Kingdom, Italy, and Ireland, and another with participants from
England and Japan. Most of the studies have applied quantitative
(n=13) or mixed methods (n=7), whereas very few studies have
applied qualitative methods (n=3). Most of the included studies
contributed to the field of older adults’ loneliness (n=17),
whereas the rest examined social isolation or both phenomena
(n=6).
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Figure 2. Frequency of publications per year from 2006 to the end of May 2021.

Main Areas of Research
The 2 main areas of the reviewed research comprised “detection
and prediction” and “alleviation” of older adults’ loneliness and
social isolation using physical ICT. Here, the category of
detection and prediction refers to studies that hypothesize the
potential of certain activities or daily habits (attributes),
including time spent in certain rooms of the house and outdoors,
to infer the levels of loneliness or social isolation in older adults.
In the reviewed studies, certain daily activities are tracked in
real time through physical ICTs, namely smart home solutions,
or a combination of smart homes and smartphones. Then,
algorithms derive behavioral patterns from the gathered data.
Afterward, these factual scores are correlated with subjective
standard measurements to identify the attributes that
meaningfully relate to loneliness or social isolation. In addition,
studies validate their predictive models using different
evaluation methods and indexes.

Alleviation studies include examining whether the use of
technology would result in reducing perceived loneliness or
social isolation in older adults, or the possible roles physical
ICT could play in combating older adults’ loneliness and social
isolation, if not serving as an actual intervention. Further, 1
paper was categorized as “other,” referring to a study examining
the association between perceived loneliness and acceptance of
robots. It was also included in the final data set, as it has
implications in terms of overcoming loneliness from an opposite
perspective; without acceptance of the intervention for reducing
perceived loneliness, there is no possible cure.

The focus was on detection and prediction in less than half of
the studies (n=7), whereas the alleviation of loneliness or social
isolation was the focus in most of the considered studies (n=15).
None of the studies directly examined both aspects. The basic
information of the included studies is presented in Table 1.
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Table 1. Basic information of the selected studies (N=23).

Focus

 

 Method and context

Total, N (%)Other, n (%)Alleviation, n (%)Detection, n (%) 

Method

13 (56.52)1 (100)6 (40)6 (85.71)Quantitative

3 (13.04)—3 (20)—aQualitative

7 (30.44)—6 (40)1 (14.29)Mixed method

23 (100)1 (100)15 (100)7 (100)Total

Study context and countries

10 (43.48)—7 (46.67)3 (42.86)United States

2 (8.7)——2 (28.57)Singapore

2 (8.7)1 (100)1 (6.67)—Germany

1 (4.35)—1 (6.67)—Australia

1 (4.35)—1 (6.67)—Canada

1 (4.35)——1 (14.29)Ireland

1 (4.35)——1 (14.29)Mexico

1 (4.35)—1 (6.67)—The Netherlands

1 (4.35)—1 (6.67)—New Zealand

1 (4.35)—1 (6.67)—Taiwan

1 (4.35)—1 (6.67)—United Kingdom, Italy, and Ireland

1 (4.35)—1 (6.67)—England and Japan

23 (100)1 (100)15 (100)7 (100)Total

a—:not available

Types of Technologies Assessed
Within the reviewed studies on the detection and prediction of
loneliness and social isolation, platforms with several types of
sensor-based technologies were commonly used, namely, smart
home solutions. Austin et al [62], Goonawardene et al [63],
Petersen et al [64,65], and Walsh et al [66] assessed smart home
solutions explicitly, whereas Huynh et al [67] analyzed
sensor-enabled homes. Martinez et al [68] combined smart
homes and smartphones in their study. In the reviewed studies
focusing on loneliness and social isolation alleviation, older
adults have been introduced most often to social robots [69-79].
Studies have also examined the use of a smart home solution
[80], VR systems [81,82], and an ambient activity system that
includes an activity sensor (AAL-VU system) [83]. Furthermore,
1 study focusing on how loneliness associates with physical
ICT acceptance exploited social robots Paro and Giraff [84].

Study Designs and Settings
The reviewed studies applied various study designs ranging
from explorative pilot studies to randomized controlled
experiments. Longitudinal design was applied in some studies
[62,65], and 3 studies followed the randomized controlled trial

protocol [69,76,77]. A majority of the 23 studies applying
quantitative measurements used validated scales for subjectively
measuring loneliness and social isolation: the original, revised,
or short version of the University of California Los Angeles
(UCLA) Loneliness Scale (n=12), Dong Jong Gierveld
Loneliness Scale (n=4), or Lubben Social Network Scale (n=2).
However, most studies were conducted with relatively small
sample sizes, which is also understandable due to the use of
new technologies and the experimental nature of the studies.
Many studies targeted healthy older adults with no cognitive
impairment with the exceptions of Appel et al [81], focusing
on older adults with cognitive and physical impairments;
Robinson et al [77], in which 19 out of the 40 participants had
cognitive impairment; Fields et al [72], where roughly half of
the participants had dementia; and Casey et al [70] focusing on
people with dementia. Further, Chen et al [71] focused on older
adults with depression, and Hudson et al [74] and Tkatch et al
[79] noted that their participants had higher levels of depression
compared to the ones who declined from participating in the
study. Studies were conducted in the older adults’ own homes,
different forms of care facilities, sensor-enabled houses and
apartments, and hospitals. Table 2 gives a descriptive overview
of the considered studies.
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Table 2. Descriptive overview of the selected studies (N=23).

Type of technol-
ogy and focus

InstrumentFemale
(%)

Age in yearsNo. of

participants

Environ-
ment

SettingTimeType of
study

Studies and

method used

VRc system;

alleviation

1 item in

STAIb

60. 6Mean 80.566IndoorsFacility3×20

mina

FeasibilityAppel et al [81];

mixed

Smart home;

detection
UCLAe81>62

(mean 71)

16IndoorsHome8 modLongitudinalAustin et al [62];

quantitative

Paro and Giraff
robots;

other

1 item7965-81

(median 70)

29IndoorsN/AN/AfUser/field

study

Baisch et al [84];

quantitative

AIBO robot;

alleviation

UCLAN/AN/A38IndoorsFacility8 wkhRCTgBanks et al [69];

quantitative

AAL-VUk sys-
tem;

alleviation

DJGLSjMultip.Multip.Multip.iIndoorsHome6 wkFeasibilityBrandenburgh et

al [83]; mixed

MARIO robot;

alleviation

InterviewMultip.Multip.38IndoorsHome, facili-
ty, hospital

2 moInterviewCasey et al [70];

qualitative

Paro robot;

alleviation

UCLA6565-93

(mean 81.1)

20IndoorsFacility8 wkQuasi-experi-
ment

and

interview

Chen et al [71];

mixed

Smart home;

alleviation

InterviewN/A>6510IndoorsHome13

wk

Case study,

field trial

Curumsing et al
[80];

mixed

NAO robot;

alleviation

UCLA73.377-92

(mean
85.80)

15IndoorsFacility3×10

min

Pilot experi-
ment

Fields et al [72];

quantitative

temi robot;

alleviation

UCLA72.8659-98

(av.l 83)

70IndoorsFacility,

hospital

2 moExperiment

and inter-
view

Follman et al [73];

mixed

Smart home;

detection
LSNSm,
DJGLS,

social activi-
ty attendance

58.760-9146Indoor/out-
door

Smart

home

7 moMultimethodGoonawardene et
al [63];

mixed

Pet robots;

alleviation

Interview5065-90

(av. 76)

20IndoorsHome1 hnInterviewHudson et al [74];
qualitative

Smart home;

detection

DJGLSN/AMean

77.59

43Indoor/out-
door

Smart

home

6 moField

study

Huynh et al [67];
quantitative

Pet robots;

alleviation

Interview85.3761-92

(mean 77)

41IndoorsHome,

facility

N/AFocus

group

Lazar et al [75];

qualitative

VR system;

alleviation

UCLA62Born

1918-1950

63IndoorsFacility2 wkField

study

Lin et al [82];

quantitative

Smart

home;

smartphone;

detection

LSNSMultip.Multip.Multip.Indoors/out-
doors

HomeN/AMultimethodMartinez et al [68];

quantitative

Pepper

robot;

alleviation

UCLA

(ULS-8o)

66.765-98

(mean 81.9)

33IndoorsFacility18 h

across 2
wk

RCTPapadopoulos et al
[76];

quantitative
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Type of technol-
ogy and focus

InstrumentFemale
(%)

Age in yearsNo. of

participants

Environ-
ment

SettingTimeType of
study

Studies and

method used

Smart

home;

detection

UCLAMultip.Multip.Multip.OutdoorsFacility,

home
5 dpMultimethodPetersen et al [64];

quantitative

Smart

home;

detection

UCLA8565-96

(mean
86.36)

85OutdoorsFacility,

home

12 moLongitudinalPetersen et al [65];

quantitative

Paro robot;

alleviation

UCLAN/A55-10040IndoorsFacility12 wkRCTRobinson et al
[77];

quantitative

AlwaysOn,

robot/virtual;

alleviation

UCLAN/A55-91

(mean 66)

44IndoorsHome1 moField

study

Sidner et al [78];
mixed

Animatron-
ic/robotic pets;

alleviation

UCLAMultip.65-85216IndoorsHome1 moInterventionTkatch et al [79];

quantitative

Smart home;

detection

DJGLS46.1560-8813IndoorsSmart

home

4×28 dField

study

Walsh et al [66];

quantitative

amin.: minutes.
bSTAI: State-Trait Anxiety Inventory.
cVR: virtual reality.
dmo: month or months.
eUCLA: University of California Los Angeles Loneliness Scale.
fN/A: not applicable/not mentioned.
gRCT: randomized controlled trial.
hwk: week or weeks.
iMultip.: multiple data.
jDJGLS: Dong Jong Gierveld Loneliness Scale.
kAAL-VU: an ambient system.
lav.: average.
mLSNS: Lubben Social Network Scale.
nh: hour or hours.
oULS-8: UCLA Loneliness Scale-8.
pd: day or days.

Detecting and Predicting Older Adults’Loneliness and
Social Isolation via Behavioral Attributes
The studies aiming to overcome loneliness and social isolation
through detection and prediction are framed within the
assumption that an early diagnosis of loneliness and social
isolation in older adults can prevent their physical and
psychosociological decline. All 7 papers report relevant results
and provide a meaningful quantitative or qualitative evaluation
of their experiments. All the solutions are shown, at least to
some extent, to be capable of detecting and predicting older
adults’ loneliness or social isolation; thus, they help in the
process of overcoming such circumstances by recognizing the
existence of these phenomena. Overall, researchers refer to these
detection systems as promising research paths toward
overcoming loneliness and social isolation.

In practice, studies assess various older adults’ behavioral
attributes and compare them with subjective measures. Older

adults’ out-of-home habits measured in 5 of the studies
[63-65,67,68] are reported as relevant attributes in inferring
loneliness and social isolation. Thus, tracking attributes related
to outings (time spent outside the house, number of outings,
and number of places visited) seems consistently relevant in
unobtrusive models to detect loneliness or social isolation.
Nevertheless, other attributes analyzed in these studies are not
as consistent across the studies in terms of their relevance to
detection. Different studies report that diverse variables should
be considered in prediction models with this type of technology.
Time spent in the house is generally relevant in 1 study [68],
whereas it is not in another [62]. Other reported significant
variables include time spent in the living room [63,66], time
spent across various locations [66], walking speed [62],
nocturnal movements [66], and daytime napping [63].

Studies vary in terms of the development phase of the system.
Martinez et al [68] propose a smartphone app that enables the
users and caregivers to interact and receive feedback from the
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system, whereas Huynh et al [67] and Walsh et al [66] elaborate
on potential interfaces. Some studies expand on the core issue
of loneliness and social isolation inference. Huynh et al [67]
also assess depression among independently living seniors in
their study. Petersen et al [65] focused on monitoring the broad
cognitive, physical, and emotional states of older persons, and
Walsh et al [66] also explored anxiety, cognition, depression,
independent living skills, sleep quality, and quality of life.

Papers also report some study-related issues, such as small
sample sizes [62,66,68], study durations [65,67], and nonoptimal
study designs [62,65]. Likewise, some studies report technical
problems, such as ensuring that sensor configurations work
continuously [66], assessing situations with more than one
person living in a house [66,67], and the intrusiveness of
smartphone models [68]. Moreover, 2 studies note general
ethical challenges regarding issues such as privacy, respect, or
consent [62,66].

Alleviating Older Adults’ Loneliness and Social
Isolation Through Physical ICT
Studies on alleviation indicate that some physical ICT solutions
can help overcome loneliness among older adults by decreasing
it based on self-reported measures. None of the studies report
complete elimination of older adults’ loneliness experiences
with the help of physical ICT, but they report success in
alleviating them. Studies that report statistically significant
results for a decrease in perceived loneliness of older adults
include interventions using social robots [69,71-73,77,79] and
an ambient activity system including an activity sensor [83].
Moreover, 2 studies report qualitative evidence of using social
robots in alleviating loneliness [70,74]; in addition, 1 study
reports unexpected qualitative evidence regarding the
unexpected positive impacts of an intervention using a smart
home solution on loneliness [80]. No statistically significant
results were demonstrated for a decrease in social isolation, but
2 studies suggest that social robots could help combat social
isolation by providing social contact with the robots and through
video calls with people [70,73].

Due to the variety of physical ICTs employed in the studies on
loneliness alleviation, common characteristics regarding
intervention designs or technological features are limited.
However, a common feature of the successful solutions is that
they can interact with the user in one way or another. The
successfully employed social robots (Paro, AIBO, NAO,
MARIO, temi, and animatronic or robotic pets) are all designed
to engage with the user, thus providing means for interaction
with the device itself. MARIO and temi robots also provide
means for video communication with other people as a central
feature besides speech, activity, and entertainment capabilities.
In an ambient activity stimulating system [83], a virtual coach
gives recommendations to the user based on the planned
activities for the day and the data from an activity sensor. The
smart home solution [80] also interacts with the user via
messages.

Banks et al [69] assessed the mechanism leading to changes in
loneliness and report that the intervention did not succeed in
alleviating loneliness through attachment to the robotic dog
(AIBO) or a living dog. Hudson et al [74] report that many of

their participants stated that the presence of the robotic pet
positively influenced their feelings of loneliness. Curumsing et
al [80] also report that older adults missed the voice of that
“somebody” in their home when they uninstalled the smart
house system. Casey et al [70] describe that their participants
thought that MARIO reduced their feelings of loneliness because
the robot provided distractions, allowed them to engage in
various activities and interact with family members.

However, the evidence found by these studies must be
interpreted cautiously. Studies acknowledge that more valid
results would have been obtained with larger sample sizes
[70,72,73,76,77], and the lack of control or comparison groups
limits the interpretations of the effectiveness of the intervention
[71,72,77,79]. Scholars also recognize the possible influence
of the presence of a researcher on their results [70,72,76,77]
and raise concerns on study dropouts due to older adults’health
issues [77]. Robinson et al [77] performed the only study
conducting a group session, and they reflect on the possible
effects of that group setting on the intervention in a subsequent
study [85]. Banks et al [69] noticed that the robotic dog AIBO
was not used at full capacity in the study, which may have
influenced the results. Further, 6 studies using social robots
included participants with cognitive impairment [77], dementia
[70,72], and depression [71,74,79], which must also be
acknowledged when interpreting the results. Curumsing et al
[80] did not focus on alleviating loneliness in their initial study
plan, but the topic emerged during the investigation, leading to
unexpected results.

Perceived Loneliness in Technology Acceptance
One study shed light on the link between perceived loneliness
and acceptance of robots. Baisch et al [84] investigated
emotional loneliness as a component of psychosocial functioning
and its link with the intention to use social robots Paro and
Giraff in 2 different user-technology fit scenarios. According
to the results, participants with lower psychological resources,
including perceived emotional loneliness, accepted the Giraff
robot less when the user-technology fit was poor. The same
results were not obtained for a companion robot. However,
researchers warn against generalizing the results due to a small
and nonrepresentative sample.

Main Open-Ended Challenges According to the
Reviewed Studies
The main common open-ended challenges according to the
reviewed studies relate to the need for more robust study
samples and study designs. Across studies, researchers suggest
future studies using larger study samples that could also be more
diverse [62,65] and more geographically widespread [77,82],
include more people with different conditions [77], and vary
more in terms of the living environments [77,82] to add
statistical power for generalization, to validate the interpretation
of results, and to understand for whom the technologies are best
suited. However, researchers admit that realistically obtaining
larger samples includes challenges such as the health problems
of the seniors [77] and finding isolated adults for recruitment
in general [66,78]. Further, it is critical for future studies to
incorporate control and comparison groups and confounding
factors to the study designs to aid the interpretation of the
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effectiveness of the interventions [71,72,76,77,79]. Finally,
scholars note that research would benefit from longer study
periods [63,65,67,70,73,74,76,84].

Among the detection and prediction studies, Goonawardene et
al [63] and Petersen et al [64] propose introducing potentially
confounding variables (eg, depression or mobility) and
establishing causal relationships between them, applying
multivariate estimation models to improve accuracy. For
accuracy purposes, Walsh et al [66] recommend tracking the
exact day when data are gathered instead of relying on average
measurements, and Petersen et al [65] encourage implementing
detailed environmental variables (eg, weather conditions,
seasonal changes, proximity of resources, ease of transportation,
living alone or within a community, or neighborhood
demographics).

Regarding the alleviation interventions, more knowledge is
needed regarding the effect of group sessions on the intervention
results [77,85] to ascertain whether to conduct studies
individually or in group settings [72]. The need for advanced
and low-cost robotic devices to be used for research purposes
[72,75] sets an open challenge for the growing robot market.
The study by Lazar et al [75] challenges the perception of seeing
pet robots as “technological fixes” for loneliness or social
isolation alleviation; instead, it suggests reimagining their
potential to suit specific needs and existing social lives.
Brandenburgh et al [83] state that future developments may
focus on how to change human behavior in addition to which
behavior should be changed.

Regarding technological features, Appel et al [81] mention open
challenges for future VR studies to succeed better in alleviating
feelings of being lonely by applying joint or multiuser
experiences with multidisplay setups. Lin et al [82] state that
other VR-related systems and technologies could also be
examined, but they do not specify the types of systems. Casey
et al [70] suggest that robots used in dementia care could have
more human-like features and better capabilities for
communication and understanding speech in future. Chen et al
[71] advocate a reliable method for measuring interaction time,
such as an in-built function in Paro. Tkatch et al [79] propose
effect comparisons between having a real pet or a robotic pet,
and between a robotic cat and a robotic dog. Hudson et al [74]
suggest implementing robotic pets with increased interactivity
in future interventions; however, they also raise a potential
ethical issue where older adults become dependent on their pet.
Sidner et al [78] add that instead of using predetermined
methods for introducing activities in the system, more flexible
and teachable methods could be sought to prevent failures during
activity usage in future.

Baisch et al [84] recommend more comprehensive research on
the psychological mechanisms and human characteristics with
respect to the acceptance of robots, as well as the diversity of
older adults’ life circumstances. The stage is also open for new
ideas to enhance the perceptions of user-technology fit among
older adults.

Discussion

Principal Results
This systematic literature review examined the research
conducted on older adults’ loneliness and social isolation and
physical ICT solutions in the era of AAL. The aim was to gain
insight into how technologies can help overcome such
circumstances without fostering social communication with
people and what the main open-ended challenges according to
the included studies are. The results demonstrate that issues of
loneliness and social isolation among older adults cannot be
eliminated using physical ICTs, but that physical ICTs are used
to help detect and predict, or alleviate such circumstances. ICT
solutions such as smart homes can help predict and detect
loneliness and social isolation, and technologies such as robotic
pets and some other social robots can help alleviate loneliness
to some extent. The main common open-ended challenges
according to the reviewed studies are related to the need for
more robust study samples and study designs. In addition,
studies reported some technology- and topic-specific open-ended
challenges.

Based on our findings, all the reviewed smart home and house
solutions in the area of detection and prediction were considered
capable of detecting and predicting older adults’ loneliness or
social isolation to some extent. Tracking the outings, including
the time spent outside the house, number of outings, and number
of places visited, stood out as a relevant activity to be examined
in the unobtrusive models. Overall, these methods show a
promising research path for overcoming loneliness and social
isolation.

Open-ended challenges in the area of detection and prediction
included a more flexible adaptation of predictive models to
contingencies and contextual situations and the development
of learning algorithms that allow the systems to accurately
respond to the evolving circumstances of older adults. In
addition, ethical issues posed by the intrusiveness of monitoring
systems in older adults’ lives, as well as economic concerns,
remain to be assessed. Further, as pointed out in one of the
studies [65], it is relevant that researchers continue to find a
way to implement the complexity and variety of living spaces
in their experiments if they seek accuracy in their results and
solutions to overcome loneliness and social isolation. It is clear
that the environment shapes individuals, and thus, these
technologies could be exploited further to “attune” [86] the built
environment with “typical human situations” [87] to contribute
toward increasing the social inclusion of older adults and
alleviate feelings of loneliness.

According to the results, some forms of physical ICT hold
promising value in alleviating older adults’ loneliness.
Significant positive results were obtained in interventions using
social robots, an ambient activity system that includes an activity
sensor, and a smart home solution. A common feature of these
solutions is that they are able to interact with the user in one
way or another, which may have served as the key to their
success by fostering reciprocity between the device and the
user, thus providing increased social contact opportunities for
older adults. Some studies suggest that social robots could also
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help reduce social isolation by providing social contact and
activities for older adults, but more robust evidence is still
needed to prove that social contact is being increased and not
being replaced by technology. One reviewed study demonstrated
that the experience of loneliness itself as part of psychological
functioning was associated with lower acceptance of a
telepresence robot in a poor user-technology fit scenario. Future
studies should continue investigating the role of subjective
feelings of loneliness in technology acceptance and adoption
longitudinally to draw comprehensive conclusions.

Open-ended challenges related to alleviation included
uncertainty about whether the interventions should be conducted
individually or in group settings and the high cost of
technologies. Regarding technological features, such as VR,
joint or multiuser experiences with multidisplay setups could
be explored in future. For social robots, scholars seek enhanced
interaction and speech recognition capabilities, possibly in-built
means for measuring interaction time, and further comparisons
on the effectiveness of different robotic pets. There is also a
need for more flexible and teachable methods for systems aiming
to alleviate loneliness and developing knowledge on how
technologies can be used for changing human behavior.

Furthermore, we found that none of the solutions in the reviewed
studies aimed to alleviate and detect as well as predict older
adults’ social isolation or loneliness explicitly. Some of the
solutions are perhaps able to do so, but none of the studies have
examined both aspects by empirical methods. Solutions to assess
and combat social isolation have so far been less researched
compared to loneliness and are particularly needed. The need
is evident in the COVID-19 era with on-going lockdowns and
social restrictions all over the world, and where fast
digitalization and ICT adoption on large scales have also
happened at an unprecedented pace [88]. As discussed by
Christina R Victor [89], scholars may also shift from a
problem-based focus to preventive aspects, namely toward
enhancing healthy social habits. Along these lines, the
theoretical framework of the studies might be enriched, going
beyond this consideration of loneliness as a contingent and
transient or chronic experience by embracing other philosophical
perspectives that consider it to be the existential condition of
each of us; thus, loneliness is a permanent and unavoidable
condition generated by the activity of consciousness [90].

Limitations
This study explicitly concentrated on loneliness and social
isolation among older adults. Thus, it contributes most in
situations where loneliness and social isolation can be suspected
or are already present among older adults, which may be seen
as a limitation of this study. In addition, the existing setup could
be broadened to include other dimensions related to loneliness
and social isolation, and other technologies to yield larger data

sets for future reviews. For instance, there are studies using
smartphones for detecting and predicting older adults’ loneliness
and social isolation [91,92]; studies also consider numerous
forms of technical systems different from the ones we
considered, aiming to reduce older adults’ loneliness [93,94].
There are also other studies conducted regarding the effects of
loneliness on technology adoption [95], and those neither
exploiting physical ICTs [96,97] nor assessing the technology
directly in relation to loneliness or social isolation but in terms
of related factors [98,99]; these are beyond the scope of this
review but closely related to it. However, we did not include
all possible technologies and approaches in our study to keep
it focused.

Comparison With Prior Work
This review differs from other reviews addressing ICT
technologies to assess older adults’ loneliness and social
isolation focusing on mediating human-human interactions. It
addresses ICTs that perform by themselves and do not aim to
foster human relationships as the main objective of their
interventions. This study also complements some other
systematic literature reviews by addressing partially overlapping
technologies, namely robots and smart houses; thus, it provides
a more comprehensive view of the research in this regard.
Further, to our knowledge, this review is the first one compiling
the studies on detection and prediction of older adults’ loneliness
and social isolation, which is an emerging field that has received
only little attention thus far [100].

Conclusions
This paper provides a comprehensive overview of the existing
attempts aiming to combat older adults’ loneliness and social
isolation using physical ICTs, namely robots, wearables, and
smart homes. Our findings demonstrate that physical ICTs such
as smart home solutions can help detect and predict loneliness
and social isolation, and technologies such as robotic pets and
some other social robots can help alleviate loneliness to some
extent. Technologies such as social robots and some of the smart
home solutions that can react to human behavior or interact with
people are promising, and the literature on these topics has
increased recently. These findings have relevant implications
to the discussion on combating loneliness and social isolation
among older adults that challenge the prejudices about the use
of technology in this sensitive area. The results benefit the
academic community by accumulating research evidence and
finding future research targets, as well as informing other
professionals and practitioners of the current state of research,
developed solutions, and interventions conducted. The results
are also useful in the COVID-19 era, where it is extremely
important to find solutions to cope with social isolation and
loneliness.
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Abstract

Background: The National Cancer Institute Informatics Technology for Cancer Research (ITCR) program provides a series of
funding mechanisms to create an ecosystem of open-source software (OSS) that serves the needs of cancer research. As the ITCR
ecosystem substantially grows, it faces the challenge of the long-term sustainability of the software being developed by ITCR
grantees. To address this challenge, the ITCR sustainability and industry partnership working group (SIP-WG) was convened in
2019.

Objective: The charter of the SIP-WG is to investigate options to enhance the long-term sustainability of the OSS being developed
by ITCR, in part by developing a collection of business model archetypes that can serve as sustainability plans for ITCR OSS
development initiatives. The working group assembled models from the ITCR program, from other studies, and from the engagement
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of its extensive network of relationships with other organizations (eg, Chan Zuckerberg Initiative, Open Source Initiative, and
Software Sustainability Institute) in support of this objective.

Methods: This paper reviews the existing sustainability models and describes 10 OSS use cases disseminated by the SIP-WG
and others, including 3D Slicer, Bioconductor, Cytoscape, Globus, i2b2 (Informatics for Integrating Biology and the Bedside)
and tranSMART, Insight Toolkit, Linux, Observational Health Data Sciences and Informatics tools, R, and REDCap (Research
Electronic Data Capture), in 10 sustainability aspects: governance, documentation, code quality, support, ecosystem collaboration,
security, legal, finance, marketing, and dependency hygiene.

Results: Information available to the public reveals that all 10 OSS have effective governance, comprehensive documentation,
high code quality, reliable dependency hygiene, strong user and developer support, and active marketing. These OSS include a
variety of licensing models (eg, general public license version 2, general public license version 3, Berkeley Software Distribution,
and Apache 3) and financial models (eg, federal research funding, industry and membership support, and commercial support).
However, detailed information on ecosystem collaboration and security is not publicly provided by most OSS.

Conclusions: We recommend 6 essential attributes for research software: alignment with unmet scientific needs, a dedicated
development team, a vibrant user community, a feasible licensing model, a sustainable financial model, and effective product
management. We also stress important actions to be considered in future ITCR activities that involve the discussion of the
sustainability and licensing models for ITCR OSS, the establishment of a central library, the allocation of consulting resources
to code quality control, ecosystem collaboration, security, and dependency hygiene.

(J Med Internet Res 2021;23(12):e20028)   doi:10.2196/20028

KEYWORDS

open-source software; sustainability; licensing model; financial model; product management; cancer informatics

Introduction

Background
The Informatics Technology for Cancer Research (ITCR)
program [1] was established by the National Cancer Institute
(NCI) in 2012 to create an ecosystem of open-source software
(OSS) that serves the needs of cancer research. ITCR supports
informatics technology development initiated by cancer research
investigators and includes 4 extramural divisions: cancer
biology, cancer control and population science, cancer
prevention, and cancer treatment and diagnosis. The
coordinating body for ITCR is the NCI Center for Biomedical
Informatics and Informatics Technology.

The specific goals of ITCR include (1) promoting the integration
of informatics technology development with hypothesis-driven
cancer research and translational or clinical investigations; (2)
providing flexible, scalable, and sustainable support using
multiple mechanisms matched to the various needs and different
stages of informatics technology development throughout the
development life cycle; (3) promoting interdisciplinary

collaboration and public–private partnerships in technology
development and distribution; (4) promoting data sharing and
development of informatics tools to enable data sharing; (5)
promoting technology dissemination and software reuse; (6)
promoting communication and interaction among development
teams; and (7) leveraging the NCI program expertise and
resources across the institute and bridging gaps in the existing
NCI grant portfolios for informatics.

The scope of the ITCR program is to serve informatics needs
that span the cancer research continuum. The ITCR program
provides a series of funding mechanisms that support informatics
resources across the development life cycle, including the
creation of innovative methods and algorithms (R21), early-stage
software development (R21), advanced stage software
development (U24), and the sustainment of high-value resources
(U24) on which the cancer research and translational informatics
community has come to depend (Table 1). The program also
offers supplements (competitive revisions) to currently funded
NCI grantees to incorporate ITCR technologies into their
ongoing research. Current funding opportunities are available
on the ITCR website [2].

Table 1. Informatics Technology for Cancer Research (ITCR) funding mechanisms.

Direct cost cap
Awards before
September 9, 2020PurposeMechanism

US $275,000 over 2 years25Innovative informatics methods and algorithmsR21

US $300,000 per year for up to 3 years34Early-stage software developmentU01

US $600,000 per year for up to 5 years40Advanced stage software developmentU24

No budget cap and up to 5 years of support6Sustainment of high-value resourcesU24

US $100,000 per year for up to 2 years1Adoption, adaptation, and integration of ITCR tools
and resources

Competitive revisions (new)
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This series of funding mechanisms is innovative and unique
across all National Institutes of Health (NIH) institutes and
centers. These mechanisms address a fundamental need to create
a computational infrastructure that is interoperable and
collaborative, linking many informatics and computational
biology teams performing translational informatics. The ITCR
ecosystem has grown substantially and now includes 55 funded
efforts that are highly collaborative, as evidenced by its
connectivity map (Figure 1). This map is copied from the
Network Data Exchange website [3,4]. In this map, each node
represents a project funded under ITCR. Links among these

nodes represent connections among projects. Existing
connections are represented by orange solid lines, ongoing
connections by blue solid lines, and proposed connections by
gray dashed lines. The node size is determined by the
connectivity score, which is calculated by assigning 0 points
for each proposed connection, 1 point for each ongoing
connection, and 3 points for each existing connection. A large
node usually indicates that the project has many existing
connections with other projects. The connectivity scores are
available on the Network Data Exchange website.

Figure 1. The map of Informatics Technology for Cancer Research projects.

As the ITCR program moves into its second phase, it faces the
challenge of long-term sustainability for the software being
developed by its grantees. Whether viewed from the angle of a
single funded project or all ITCR-funded projects, some of the
software will naturally graduate upon reaching maturity to leave
room for continuing innovation through the program. As mature
projects often lead to complex and successful products based
on years of investment in human effort, funding, and cumulative
expertise, these projects need to move into the next phase of
support rather than risk being abandoned.

Addressing the challenge of the projects’ long-term
sustainability was the primary task of the ITCR sustainability
and industry partnership working group (SIP-WG) [5], which
was convened in 2019. The working group initially set the goals
of addressing 4 topics of interest to the translational cancer
informatics community: (1) to publish a collection of case
studies of successfully disseminated software products supported
by open-source licenses and to provide practical examples of
approaches that have proven viable for licensing and
sustainability, (2) to develop a workflow or decision tree to

support informed decision-making consistent with ITCR
expectations and the future licensing needs of open-source tools,
(3) to provide a licensing consultancy service in collaboration
with the ITCR program, and (4) to develop a collection of
business model archetypes that can serve as starting templates
and to formally document the dissemination and sustainability
plans for new software development initiatives. The ITCR
licensing resources will represent best practice approaches and
leverage our extensive network of relationships with
organizations such as the Open Source Initiative, the Software
Sustainability Institute, and the Chan Zuckerberg Initiative to
maintain relevant knowledge in this field. As described above,
the first major topic—publication of case studies—is the subject
of this paper. The remaining 3 topics will be the focus of future
white papers and manuscripts by the ITCR SIP-WG.

Literature Review
We briefly introduce several software sustainability models that
are present in the literature [6-8]. First, Aartsen et al [8]
described 2 models for sustaining digital assets from
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public–private partnerships in medical research: the
not-for-profit organization model and the distributed network
model. The not-for-profit organization model uses, for example,
a foundation (also discussed by Kuchinke et al [6]) as the
backbone organization to assure the maximum value of the
assets. The Apache Software Foundation is one such example.
An advantage of nonprofits is that they can take a long-term
view. The sustainability of nonprofits can be mitigated through
memberships. The concept of a foundation has the advantage
that the development of an artifact is strongly influenced by
academic users, so its design can be focused on scientific goals
instead of commercial ones. The disadvantage of the
not-for-profit organization model is its dependency on one
organization for all digital assets. The distributed network model
is built on the premise that individual partners who contribute
to the development of digital assets have a stake in seeing these
assets sustained and gaining future value through further
development. The disadvantage of the distributed network model
lies in the conflicting missions of research and industry;
organizations with a research mission do not focus on producing
digital assets that are ready to be commercialized by industry.

Gabella et al [9] provided a comprehensive review that adds 10
models for the sustainability of assets, including 4
noncommercial and 6 commercial models. As a noncommercial
model, the national funding model supports infrastructure
directly through noncyclical funding programs. On the other
hand, in the infrastructure model, funding agencies set aside a
fixed percentage of their research grant volumes to be
redistributed among core data resources according to
well-defined selection criteria. In the institutional support model,
funds are provided internally from the institution, whereas the
donation model depends on external philanthropic funding. In
terms of the 6 commercial models, the content licensing or
industrial support model requires commercial users to pay a
fee for access and for-profit use, with the assets being free for
noncommercial users (also discussed by Kuchinke et al [6]).
The user subscription model (also discussed by Chang et al [7])
relies on a subscription for a set period. The freemium model
(also discussed in Chang et al [7]) provides a core that is free,
with add-ons requiring a fee. The razor and blades model (also
discussed in a Wikipedia introduction for business models of
OSS [10] as a commercial model) offers a free initial trial
(razor) that encourages the continuing future purchases of
follow-up services (blades). The mixed model relies on multiple
diversified funding streams. For instance, a common mixed
model practice is the combination of OSS with services
(provided by companies) on installation, configuration, and
troubleshooting. Linux is a familiar example of this. However,
the Linux model relies on a large user base, which may not
necessarily be the case with biomedical research tools.

In addition to the models discussed in last paragraph, the macro
research and development infrastructure is based on funding
that comes from governmental research grants or from research
grants from local or international partner institutes [7]. The split
licensing model offers a free version under a general public
license (GPL) and a commercial version with its own license
that does not allow software redistribution (eg, MySQL [Sun
Microsystems, Inc] and openClinica [OpenClinica, LLC]) [10].

The current literature has also discussed the importance of the
strength and health of the community behind a software product
[11-13]. Iaffaldano et al [11] used the sleep stage metaphor to
describe developer cycles: the awake stage is when developers
are active in the project, the sleep stage is when developers
pause their package commit activity, and the dead stage is when
developers abandon the project. They further explored the
reasons for the stage transitions, listing both personal factors
(eg, life event, financial, and change of interest) and project
factors (eg, social, changes in the project, and role change) as
playing a role. Atiq et al [12] suggested sponsoring of
open-source projects in various ways as an increasing number
of proprietary firms participate in, sponsor, and offer their
developers for open-source projects. Jiménez et al [13] provided
4 recommendations for a sustainable open-source project: (1)
making the source code publicly accessible from day 1, (2)
making the software easy to discover by providing software
metadata via a popular community registry, (3) adopting a
licensing system that complies with the licenses of third-party
dependencies, and (4) defining clear and transparent
contributions, governance, and communication processes.
Nyman et al [14,15] discussed code forking (implementing an
existing code base found in a separate project) within the context
of OSS. The right to fork code is built into the very definition
of open source. Code forking can revive community interest in
a project or provide an alternative to acquisitions, which was
the case with MySQL after Oracle’s acquisition of Sun
Microsystems. The MySQL code was forked under a different
name, MariaDB, because of concerns regarding the governance
and future openness of the MySQL code. Nyman and Lindman
[14] state, “Given that forking ensures that any project can
continue as long as there is sufficient community interest, we
have previously described forking as the ‘invisible hand of
sustainability’ in open source.” For specifically big biology,
Prins et al [16] described the challenges of creating sustainable
software solutions: most OSS are developed as prototype
software, many OSS are not scaled to terabytes of data, and
there is a lack of scientific attribution for software development.

Methods

We conducted a survey among the members of the working
group to select a collection of case examples of successfully
disseminated software products. We asked each member to
provide the best 3 examples of sustainable OSS to serve as
models for ITCR open-source projects. The survey was
completed by 13 participants, most of whom were authors of
this white paper and had years of experience developing OSS
for cancer research. To profile the models of success in
sustainability, 22 OSS use cases were provided by this survey,
and the top 10 tools were then assigned to authors who were
then asked to profile the following models: 3D Slicer [17],
Bioconductor [18], Cytoscape [19], Globus [20], i2b2
(Informatics for Integrating Biology and the Bedside) [21] and
tranSMART [22], Insight Toolkit (ITK) [23], Linux [24],
Observational Health Data Sciences and Informatics (OHDSI)
[25], R [26], and REDCap (Research Electronic Data Capture;
provides a nonprofit end user license agreement but its code
base is not open to individual developers) [27].
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After reviewing the literature and discussing it in the ITCR
working group, we determined that each OSS use case should
be profiled according to recommendations by Nesbitt [28] in
his paper: “What does a sustainable open source project look
like?” Accordingly, each of the top 10 OSS use cases was
profiled in the following aspects of sustainability: governance,
documentation, code quality, support, ecosystem collaboration,
security, legal issues, financing, marketing, and dependency
hygiene. Profiling mainly relies on information that is publicly
available. As some of the coauthors are key developers of 3D
Slicer (AF, SP, JCFR, JVM, and AL) and Globus (IF and BER),
we were able to provide more firsthand information on these 2
cases.

Results

In this section, we examine each OSS use case in terms of these
10 sustainability aspects. Full descriptions of the OSS use cases
are available in Multimedia Appendix 1.

Governance
All 10 OSS use cases have a management committee and a
technology development team. ITK and REDCap have
established consortiums. The 3 models (i2b2 tranSMART, R,
and Linux) have established foundations. Stakeholders usually
choose a consortium management model during the early stages
of software development. In a consortium model, members have
stronger control over the direction of development. A consortium
management model may later migrate into a foundation model.
In a foundation model, the organization considers the interests
of all stakeholders, encouraging more new contributors and
users to participate in the software development testing process.
As a result, foundations usually require serious community
efforts and diverse skills (eg, fundraising) [29].

The 6 OSS tools have provided their roadmaps publicly. The
i2b2 tranSMART Foundation [30] defines a road map guiding
the integration of tranSMART with i2b2 [31]. The 3D Slicer’s
road map [32] lists community suggestions related to a transition
plan for Slicer 4.10 and the proposed changes for Slicer 5.x.
Cytoscape’s road map [33] shows that it is going down a number
of roads simultaneously, including Cytoscape Desktop,
Cytoscape Expansion to the Cloud, and Cytoscape Community
Outreach. Globus’s product road map [34] has plans to provide
research information technology as a service. ITK’s team has
been continuously updating its road map [35-37] based on
feedback from its community of users and developers as well
as from the medical research community. OHDSI has several
roadmaps, including an architecture road map [38], a road map
for CDM v6.0 [39], and a road map for webAPI [40]. On the
other hand, LWN.net, a computing webzine on software for
Linux and other Unix-like operating systems, points out that
the free software development model is resistant to central
planning in general [41]. Although not always reliable, Linux’s
future can be reasonably predicted by looking at its current
projects.

Regular meetings allow stakeholders to make operational
decisions and set development priorities. The 3D Slicer’s core
developers and users meet in person twice a year, and Globus

has an annual conference for its users and subscribers. The
subgroups usually have more frequent regular meetings. On the
other hand, the technical advisory board of Bioconductor meets
monthly to develop strategies that ensure the long-term technical
suitability of the core infrastructure. To reach a broader group
of potential developers and users, some models (3D Slicer and
i2b2 tranSMART) provide completely open communication
channels, such as web-based forums and recorded webinars.

Owing to the limited amount of public information on these 10
OSS use cases, we do not know the exact size of each core
development team or the individual assignments on core
infrastructure. If there is a single person handling the
complicated details of a critical component, an OSS project will
go adrift quickly after losing that key person.

Documentation
All 10 OSS use cases provide documentation to users in various
formats, such as user guidebooks (ITK [42], Linux [43], R [44],
and 3D Slicer [45]), Wiki pages (3D Slicer [46] and i2b2 [47]),
tutorials (Bioconductor [48], Globus [49], Cytoscape [50],
tranSMART [51], 3D Slicer [52], and OHDSI [53]), and
YouTube (Google, Inc) videos (REDCap [54], 3D Slicer [55],
and Cytoscape [56]).

Further documentation is provided to new developers to
encourage new contributions to OSS extensions. Bioconductor
offers 3 levels of documentation—workflows, package vignettes,
and function manual pages [57]—to encourage users to become
developers who can make their own algorithms and approaches
available to others. Similarly, the Cytoscape App Ladder teaches
essential skills in app development [58]. R provides a variety
of fully developed documentation, adequately covering 2 types
of development: writing R extensions and developing R itself
(by providing internal structure and coding standards) [59].

Code Quality
Releasing software without testing could be very dangerous to
its reliability and reproducibility, so rigorous tests are critical
for OSS. Before propagating the latest packages to user-facing
repositories, Bioconductor developers conduct tests to ensure
overall package integrity and integration with current versions
of package dependencies. The 3D Slicer has established
infrastructure to continuously run approximately 700 tests for
its core application, with the test results being publicly available
[60]. However, the quality control of some of the extensions of
the 3D Slicer is slightly weaker than that of the core application.
The extension contributors themselves manage the code quality
and tests, and the 3D Slicer’s core developer team does not
enforce or verify these extensions. Cytoscape developers use
Jenkins to build software projects continuously and test packages
thoroughly before releasing them. Globus uses a continuous
integration environment, automated tests, multiple prerelease
environments, and documented, standardized, human quality
assurance testing to ensure code quality, with at least one
engineer other than the code author reviewing the code before
releasing it to production. Both i2b2 and tranSMART have
extensive automated and manual testing as part of their
well-defined release processes. ITK had automated nightly
builds and tests as far back as 1999, being an early adopter of
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this software engineering best practice before the widespread
adoption of continuous integration and GitHub (GitHub, Inc).
R provides extensive support to facilitate external developers’
package testing and release, which includes release guidelines,
software packages, and servers for testing [61]. A few models
(3D Slicer [62], ITK, and R [63]) enforce a consistent coding
style.

Support
All OSS use cases provide support to users and new developers.
For example, the OHDSI community provides 2 support
channels: the community-based discourse forum provides
support for implementing OHDSI tools, proposing or
participating in network research studies, and requesting
information on OHDSI-related topics [64]; and the GitHub
project sites of OHDSI manage specific technical questions
through tickets that anyone can issue [65]. Globus has several
support options: web-based self-help tools, listserv groups, and
a ticketing submission system with a responsive support team.
R mainly relies on web-based self-help tools, frequently asked
question listings, and subscription-based email lists, including
a general R help email list, an R developer list, and an R package
developer list. Although these models provide various support
channels, Linux and Cytoscape mainly rely on dedicated
channels (Linux: LF JIRA [66]; Cytoscape: a specific help desk
[67]).

Not all support models for OSS are free. For example, ITK has
a 3-way support: (1) ITK’s discourse forum enables discussion
and mutual help among users, and dedicated volunteers usually
provide detailed example codes [68]; (2) the NIH has continued
to provide maintenance contracts for bug fixes, incremental
improvements, and a moderate level of user support
(maintenance has typically been performed by Kitware (Kitware,
Inc), providing continuity and expertise); and (3) Kitware also
offers commercial ITK support for a fee. Another example is
that of Globus, which provides free support lists, operates a
ticketing system [69], and guarantees subscribers a 1-business
day response time on support tickets.

Surprisingly, free support is often available in a timely manner.
One good example is the 3D Slicer, which had >13,000 forum
posts in 2018, with an average response time of <2 days (or <8
hours during weekdays). For 3D Slicer, support may be provided
either by the core developers or by experienced members of the
user community. Public forums can be extremely active; for
example, Bioconductor has >100 visitors per hour.

Ecosystem Collaboration
Ecosystem collaborations are usually organized by working
groups, conferences, networks, and community forums. Limited
public information is available on how well OSS projects
collaborate with other projects.

Security
Security is important for biomedical software tools, as they are
often used to manage and process patient data. To protect patient
privacy, i2b2 provides secure remote access to patients in
institutions through web services that anonymously list the
number of patients in each institution [21]. Globus has

maintained a strong security model for many years, using
standards-based components and protocols that address message
protection, authentication, delegation, and authorization for
distributed infrastructures. Globus’s authorization is based on
well-established standards, such as OAuth 2 and OpenID
Connect, and leverages a federated log-in system to allow user
authentication using one of the many supported identity
providers (eg, institutional identities, eRA Commons, ORCID,
and Google [Google, Inc]). The Globus high assurance tier
provides additional security controls to meet the higher
authentication and authorization standards required for access
to restricted data, such as protected health information. Data
transfers can be encrypted using OpenSSL libraries, and
communication channels with the Globus service are Transport
Layer Security 1.2 encrypted.

Linux has strong security features and is widely used outside
biomedical domains. The Linux kernel allows administrators
to improve security at the lowest level by modifying the
attributes of the kernel’s operation, building additional security
measures into the kernel to avoid common buffer overflow
attacks, and setting different access restrictions for different
kinds of users [70]. In addition, there are many Linux security
extension enhancements, such as ExecShield and Position
Independent Executable [71]. The other examined OSS use
cases did not provide detailed information publicly about
security. However, security enhancement should become the
focus of future releases of research software.

Legal Concerns
Among the 10 OSS use cases, a popular licensing model is the
GPL, which allows the distribution and sale of modified and
unmodified versions but requires that all the copies be released
under the same license and be accompanied by the complete
corresponding source code. For example, Linux was released
under GPL version 2, whereas R and tranSMART used GPL
version 3.

It is also feasible to use different licensing models for different
components of an OSS. For example, Bioconductor packages
belong to multiple license groups: artistic license version 2,
GPL, Massachusetts Institute of Technology (MIT), Berkeley
Software Distribution (BSD), and creative commons licenses
that have minimal requirements regarding how the software can
be redistributed [72]. Globus also uses mixed licensing models.
The client-side software is licensed under the Globus community
license, which allows subscribers to access the source code for
the purposes of code review and contribution, whereas the
software operated by Globus as a service is not licensed.

Open-source licensing models used by the other OSS use cases
include Apache 2 (OHDSI and ITK), Mozilla Public License
version 2.0, with the Health care Disclaimer addendum (i2b2)
[73], and GPL version 3 (tranSMART). REDCap requires a
nonprofit end user license agreement between an institution and
the Vanderbilt University, and its code base is not open to an
individual developer. Finally, the 3D Slicer license, although
generally highly permissive, is not a standard Open Source
Initiative certified license. Instead, it is a custom license that
was defined via coordination with the legal department of
Brigham and Women’s Hospital, which primarily aims to
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mitigate liability risks because of the nature of the application
(visualization and analysis in support of research applications
on clinical images).

Financing
Of the 10 OSS use cases, 8 (80%) started with federal research
funding. For example, Bioconductor began receiving the NIH
National Human Genome Research Institute’s support in 2003
and NCI/ITCR funding in 2014. The 3D Slicer has received
direct or indirect support from many research grants (primarily
NIH) over the course of several decades [74] but no sustained
funding from any single source or program. Cytoscape received
support from the National Institute of General Medical Sciences
and the National Resource for Network Biology. REDCap
received early support from the National Center for Research
Resources. The early development of Globus was supported by
the National Science Foundation and the Department of Energy,
whereas more recent work on high assurance mechanisms has
been supported by the NIH. Federal research funding is vital,
as it encourages research on OSS to focus on scientific
explorations and research ecosystem development. At the same
time, although grants guarantee the researchers money to
experiment, researchers still have to look for sustainable
solutions beyond the grant cycle [29].

Industry and membership support are common in mature OSS
cases. For example, premium Globus features (eg, data sharing,
use reporting, and guaranteed support levels) are offered to
institutions under an annual subscription, which is a flat annual
fee based on the institutions’ level of research activity. Linux
continues to be supported by individual memberships (thousands
of members) and annual corporate memberships (>1000
corporate members) [75]. The R Foundation is largely supported
by members (membership fees from supporting persons,
institutions, and benefactors) and one-off donations.

Multiple sponsor programs involving both academic and
industry sponsors are also feasible. For example, ITK has
continual funding from the NIH for maintenance to enable its
free use and, at the same time, has commercial-grade support.
OHDSI also has both private and public funding support. The
i2b2 tranSMART Foundation has 4 sponsorship programs:
contributing sponsors, corporate sponsors, sustaining sponsors,
and event sponsors [76]. Through the tranSMART and the
successor i2b2 tranSMART Foundation efforts, Keith Elliston
and colleagues started Axiomedix (Axiomedix, Inc) in 2018
specifically to provide a commercial (for-profit) support
mechanism for government-funded OSS. Axiomedix offers a
4-part business model that helps to support and sustain the
open-source platforms: first, a commercial-grade software
publishing and support model; second, a full-service solution
offering for these supported platforms that includes installation,
configuration, data loading, curation, and more; third, a software
development and customization model (the Axiomedix Expert
Network) that enables core open-source developers to take up
contracts and consulting for customers; and finally, a model for
developing new products and platforms that leverages
open-source tools, a network of experienced open-source
developers, and the knowledge of subject-matter experts to
develop new open-source or commercial tools.

Marketing
The 10 OSS use cases have a variety of marketing channels,
including the use of logos (3D Slicer, Globus, and i2b2
tranSMART), websites (3D Slicer, Bioconductor, Globus, and
i2b2 tranSMART), mailing lists (Cytoscape, Globus, and i2b2
tranSMART), forums (3D Slicer, Cytoscape, and i2b2
tranSMART), Twitter (Twitter, Inc; 3D Slicer, Bioconductor,
Cytoscape, Globus, and i2b2 tranSMART), LinkedIn (LinkedIn,
Inc; Globus and i2b2 tranSMART), Facebook (Meta Platforms,
Inc; i2b2 tranSMART), YouTube (Google, Inc; 3D Slicer,
Bioconductor, and i2b2 tranSMART), Tumblr (Tumblr, Inc;
Cytoscape), Vimeo (Vimeo, Inc; Cytoscape), and Pinterest
accounts (Pinterest, Inc; Cytoscape).

Additional channels include conferences, workshops, and
publications. For example, the ITK is introduced at medical
imaging conferences. R gains market share through an evangelist
approach among statisticians, data analysts, and others from the
biomedical community. Moreover, surveys administered to
collect user feedback also act as a form of marketing. For
example, the 3D Slicer team conducts small-scale surveys on
forums and collects feedback forms during training courses.
Similarly, the Globus team conducts surveys during workshops
and tutorials.

Dependency Hygiene
Of the 10 OSS (all except R), 9 (90%) have many dependencies
on other packages. Bioconductor and OHDSI depend on many
R packages, and REDCap depends on MySQL, whereas
Cytoscape relies on external services, including cxMate. As
dependencies may complicate installation and use, i2b2 provides
Docker containers for easy installation [77]. Software models
mainly provide dependency information through documentation,
for example, installation guides; however, few models describe
the license and security status of each dependency. Crichton
[78] points out the potential danger of complicated
dependencies, warning that “Blackbox can make it difficult to
see that there are far fewer maintainers working behind the
scenes at each of these open-source projects than what one might
expect.” Thus, it is critical to provide transparent information
about the dependency tree of the code libraries. The 3D Slicer
is a good example, as it provides an extensive list of
dependencies that is publicly available.

Discussion

We discussed 10 representative OSS use cases that have
demonstrated sustainable practices, particularly in the
biomedical domain. Although not a comprehensive list, these
examples highlight the following as essential attributes of
successful OSS development: alignment with unmet scientific
needs, a dedicated development team, a vibrant user community,
a feasible licensing model, a sustainable financial model, and
effective product management.

Alignment With Unmet Scientific Needs
At the inception of an OSS project, it must identify and meet
important scientific needs instead of complying with mandatory
rules or obtaining external financial rewards [79]. Meeting these
needs gives the software its soul, that is, its unique identity. For
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example, Cytoscape fulfills the need for a visualization tool to
represent complex interactions among molecules, Bioconductor
reduces the barrier to entry involved in the effective use and
sharing of computational biology and bioinformatics tools [57],
and Globus addresses the need for frictionless data transfer and
sharing. As the scientific community’s needs are diverse and
dynamic, developers should consider the potential expansions
beyond the first application and adopt a highly reusable
infrastructure even at the initiation stage.

Dedicated Development Team
An OSS project should have a core development team, which
has not only developed an initial version of the software but
will also continue to be committed to future versions. The team
is the brain of the software and its intellectual center. For
example, Globus includes services for identity management,
data transfer, data sharing, and group management; interfaces
such as application programming interfaces, web apps, and a
command-line client; and software to manage data access on
>10 distinct storage platforms and file systems. Only a dedicated
and highly experienced development team can put all these
components together in a concerted fashion.

However, maintaining such teams can be difficult. According
to Atiq et al [12], the motivations of developers usually include
both intrinsic (eg, creativity and fun) and extrinsic aspects (eg,
financial rewards, development of job-related skills, and peer
recognition). Atiq et al [12] further pointed out that transparent
and fair extrinsic rewards and effective and open
communications among developers are key characteristics for
ensuring the long-term sustainability of OSS projects.

More importantly, the whole research community needs to
realize that the creation of a dedicated development team is
incredibly difficult if that team cannot gain recognition for their
contribution. Unfortunately, it is still true that, in academia, the
effort invested in the development of software is often not
recognized as important and is certainly viewed less favorably
than traditional research activities.

Vibrant User Community
To be successful, an OSS project should also have a vibrant
user community whose organizational structure and ongoing
activities can facilitate communication both among and across
the developer and user groups. This community would foster
the materialization of the value of the software while specifying
the functionality requirements for future versions. A vibrant
user community represents the heart of the software, which
drives the development cycle. For example, 3D Slicer and ITK
have large and stable user bases, mainly in the radiology and
biomedical imaging communities. OHDSI tools have large user
bases in the clinical informatics and population health
informatics communities. Moreover, we highly recommend
engaging scientists outside the original team and involving a
broad array of stakeholders. In addition, we support encouraging
the diaspora effect, where postdoctorates and students who
move on to other institutions continue using the software used
or created by their original group.

It is also important to realize that the users of enterprise-level
OSS are institutions, not individual researchers. In fact, Masys

et al [79] defined successful adoption as at least 50% of the
intended institutions adopting and implementing a tool. They
suggested that, instead of a one-size-fits-all technical approach,
developers should provide flexible local implementations and
customizations, such as the optional use of terminology
standards. This flexibility is essential for building a vibrant user
community and facilitating successful adoption.

Feasible Licensing Model
A sustainable OSS project also needs a licensing model that fits
the nature of the software, its distribution channel, and
stakeholder interests. A licensing model resembles a skeletal
system, providing a framework for the software to function
legally.

OSS licensing generally falls into 4 categories: nonpermissive,
weakly permissive, fully permissive, and noncompliant.
Open-source licenses are evaluated as to whether they conform
to the Open-Source Definition by the Open Source Initiative, a
501c3 nonprofit established to be a steward of open-source
licenses.

Nonpermissive licenses, such as the GPL and the Affero GPL,
not only allow commercial and noncommercial reuse but also
require the release of all modified code and any external code
linked to this code. The most well-known example is Linux,
which is now under GPL version 2. Without the use of lawyers,
its founder, Linus Torvalds, wrote a brief license stating that
no fee may be charged for its distribution. As internet-based
delivery systems were in an early stage of development, this
move eliminated the floppy drive mills whereby individuals or
companies could send copies of Linux to consumers for a fee.
As the goal was not to allow others to make money on free
software distribution at the time of writing, the model fit. When
OSS code was to be modified or added on to, several
open-source licenses were created and evolved. GPL version 3
(used by R and tranSMART) is the most restrictive open-source
license, which requires that any enhancements (such as new
features) incorporated into the software must be released along
with the source code. Commercial software companies refer to
the GPL version 3 as a toxic license. Once the software contains
any GPL version 3 codes, its future licensing and that of all
other software that carries it would be forever under the GPL
version 3 license. The infectiousness keeps commercial
companies away from using GPL code in their products;
however, it could be one of the most important reasons why R
is widely used and is successfully evolving. From our point of
view, nonpermissive licenses may fit best for software that is
fundamental to essential scientific discovery and highly used
by researchers from very broad domains and where funding
support may mostly come from noncommercial sources.

Weakly permissive licenses (eg, Mozilla Public License 2) allow
commercial and noncommercial use and require release on a
file-by-file basis for any modified code. Fully permissive
licenses provide unrestricted reuse of code for commercial and
noncommercial purposes. Fully permissive licenses include the
Apache 2, MIT, and BSD licenses, among others. One of the
main motivations of the popular Apache 2 license was to enable
the ability to integrate open-source code into a project without
having to release any enhancements to the code, that is, the
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ability to build on the shoulders of giants. Finally, many projects
that are considered open-source release codes under custom
licenses are non–Open Source Initiative compliant. Thus,
although these projects may make the code available, they
cannot be considered open-source compliant.

There is a slow migration in the research software field toward
fully permissive licenses because of limited commercial support.
Elster [80] discusses how the license of research software may
have an impact on obtaining industrial funding support. Many
informatics technology companies choose research software
with full permissive licenses over nonpermissive licenses, as
nonpermissive licenses add restrictions to code reuse in
commercial software, raising concerns about future
commercialization. BSD license, as an example of a fully
permissive license, allows the inclusion of open-source code in
commercial code. On the other hand, some companies prefer
nonpermissive licenses to fully permissive licenses, as they do
not want their competitors to build commercial code on top of
the OSS that those companies previously funded. Although this
type of self-interested licensing prevailed in the early days of
the software industry, the industry soon realized that having
tens or hundreds of groups reinventing the same code was
limiting the progress of the industry. As a result, there has been
a wide and growing adoption of fully permissive licenses such
as MIT and Apache [81].

Software licensing creates a binding agreement on the way a
licensee may use or distribute the programs or codes. Just as a
software-wrapped or click-through user licensing agreement is
binding, so too is the use of OSS and code. When a research
software is commercialized, a free version for academic use
may be kept; however, if it is used outside the terms of that
license, a commercial license must be purchased. Thus, the
environment of the use of the software can play an important
role in whether a user is in violation of the applicable license.
A violation may result in harsh additional fees or even legal
actions.

Sustainable Financial Model
An OSS project requires a sustainable financial model (formal
or informal) that can keep the software and its user community
moving forward. A sustainable financial model is a part of the
circulatory system, supplying blood to sustain the software
ecosystem. The i2b2 tranSMART, Globus, and Linux are
excellent examples that leverage multiple types of sources to
sustain software development.

The public–private partnership is becoming a feasible way to
support an OSS project in the long term; however, the
establishment of these partnerships may not be easy. Industry
partners usually have concerns regarding profitable
commercialization time. The public release of an OSS project,
including its knowledge and source code, may allow the market
competitors to catch up quickly, as opposed to traditional
commercialized software business practices, where intellectual
property is commonly concealed as long as possible. However,
at the same time, an OSS project may quickly attract a large
number of outside users and new developers whose contributions
can improve the robustness of a product, enabling
platform-based customizations across multiple institutions.

Robust implementations and large user bases increase the
commercial potential of OSS projects.

Along with the development of OSS, its financial model can
change over time. Globus has tried a mix of several financial
sustainability strategies: relying on grant-based federal funding,
offering free OSS, forming an international research consortium,
launching a commercial company, and forming an industry
organization [82]. Globus found that many activities critical to
sustaining software are outside the mission of federal funding
agencies. Few developers have the freedom to contribute to a
software project that addresses the research community’s needs
at large and does not directly advance the contributor’s own
mission. Contributors are not always able to provide ongoing
maintenance or user support for the code they contributed, much
less for the rest of the code base. As copies (forks) are
maintained by separate teams, new features may no longer be
shared with the entire community, and user requirements
between the nonprofit research community and the industry do
not always align. After 15 years, Globus pivoted to a sustainable
model of providing free, cloud-based software-as-a-service to
researchers and premium subscriptions for institutions. Focusing
the primary software product on the needs of researchers and
the revenue mechanism of creating value for resource providers
is proving to be a viable financial model for sustaining Globus.

In the literature review section, we summarized a gamut of
financial models for long-term software sustainability. Each
approach has its own strengths and weaknesses. For example,
community-based sustainability (eg, the not-for-profit
organization model mentioned in the literature review),
including appropriate forking of branch-development efforts,
is in many ways ideal as it leverages the collective and
continuous efforts of entire communities. However, it might
not be appropriate for important niche areas of development; it
might overemphasize broad adoption rather than quality,
novelty, or significance, and it might not be able to leverage
efforts that do not follow the same open-source licensing
structure. Commercialization (eg, content licensing model, user
subscription model, freemium model, razor and blades model),
such as the adoption of software modules in clinical
workstations, leverages a large pool of resources and software
libraries in addition to creating a direct path to a broad user base
willing to pay for it. However, commercialization is limited by
proprietary restrictions and by its dependency on profit-making
motives, which might not align well with biomedical
significance or with investment for the future policies. Various
infrastructure-based models (eg, macro research and
development infrastructure model) can be effective ways to
pool resources and avoid replication; however, they depend on
a decision mechanism for the selection of the small percentage
of software products that would be supported. Moreover,
infrastructure-based models might be less prone to supporting
innovation because of their not-so-dynamic nature. Various
funding-based mechanisms (eg, national funding model and
institutional support model) combine the advantages of dynamic
selection and evolution of software products through the process
of merit-based reviews. Unfortunately, they are limited by the
harsh reality that existing funding is far less than the cost of
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long-term maintenance of meritorious software, a situation that
is unlikely to change in the foreseeable future.

Effective Product Management
Finally, an OSS project requires effective product management,
which is a part of the neural system, enabling fast
communications between the brain and other systems.

Roadmaps outline the development status of projects, including
both the dates of past events and future events, so individuals
can understand the speed, goals, and activities of specific
projects, thereby improving sustainability through
well-conceived deadlines and structures [83]. We found that 6
of the OSS cases on our list had well-designed roadmaps. The
design of a road map is usually an evolving process that requires
multiple rounds of internal discussions as well as extensive
communication with the community of users and external
developers. R and Linux offer a road map publicly. It is possible
that these 2 OSS tools rely highly on the developer community’s
contributions, whereas the community makes its own decision
about what it thinks is important, showing its partial resistance
to central planning.

Although a road map designates the plans, it is the software
release that shows the actual achievement. As OSS often involve
the participation of a large number of external developers, the
coordination of software releases can be more complicated. R
provides a very good example by providing extensive support
to facilitate external developers’ package testing and release.
Regarding the release strategy, OSS communities adopt either
feature-based or time-based releases [84]. A feature-based
release strategy is more often adopted by early-stage OSS
projects. As an OSS project grows in size and complexity, it
may move to time-based release, which helps prioritize
development activities.

With regard to OSS quality assurance, a large user community
may provide the project with good coverage in terms of bug
hunting, performance, and scalability testing; however, most
users do not consciously explore uncharted edge functionalities
and thus leave certain bugs unfound [84]. Therefore, it is
recommended to have professional testing and share a core bug
report with the public through a public ticket tracker [85].
Moreover, an OSS project needs a version control system to
coordinate release management, bug management, code stability
and experimental development efforts, interdeveloper
communication, and the authorization of changes by particular
developers [86]. Public information shows that most of the 10
OSS use cases discussed go through rigorous testing.

As the instruction manual for software [87], documentation is
essential in creating a sustainable community, as it allows users
and external developers to rapidly become familiar with the
software and use it for their own projects. Therefore,
documentation is a key way of creating smoother internal
transitions among generations of core developers. When
familiarizing themselves with the OSS through the
documentation is not enough for new users and external
developers, specific support is essential to engage them, such
as answering questions in a public forum. As mentioned in the
Results section, all 10 OSS use cases provide comprehensive

documentation and various types of support to users and new
developers.

Strengths and Limitations
The selection of the examined software products was completed
by 13 participants, comprising a group of people with rich
knowledge of the sustainability of OSS tools and the promotion
of industry partnerships. Although we conducted a
comprehensive analysis of 10 aspects of the selected OSS use
cases, there appears to be a risk of biasing the paper’s findings
toward the interests of the ITCR working group and overlooking
potentially important sustainability models. Limited to publicly
available information, we were not able to discuss failed OSS
examples and important checkpoints. Our future goal is to
conduct a survey of a much broader research community to
continue these discussions.

In addition to the information discussed about general OSS
aspects using the Nesbitt list [28], we would like to briefly
discuss other important aspects of research software, such as
scientific accuracy and reproducibility, compliance, and ethics
and integrity. Rougier et al [88] defined reproducible software
as the publishing of software and data as a product of the used
software, its related data, and the articles involved. For software
to be reproducible, its source code must be investigated, and its
models must be documented thoroughly and precisely. Buck
[89] explains that to improve reproducibility, transparency must
be a top priority, despite the interference of high cost. To
increase transparency, free OSS provides other scientists
(besides software developers) with cheap options to validate
their reported results and further apply this open science
framework to other scientific research activities. Another aspect,
compliance, is also critical for OSS, as the software may be
incorporated into commercial uses, used to raise awareness
about compliance, or used to display specific cases of
noncompliance [90]. When distributed to external sources, the
OSS licenses must be reviewed before compliance can be
achieved (eg, for sharing, license fees, and compatibility
purposes). Finally, ethics and integrity are essential for software
in biomedical research. The use of OSS should allow researchers
to meet the professional standards of practice, and the use of
OSS must align with the 4 basic principles in the field:
nonmaleficence, beneficence, autonomy, and justice.

Other Initiatives and Future Perspectives
In addition to the NCI ITCR, several informatics efforts across
the NIH have also emphasized creating an approach to OSS
sustainability. The National Center for Advancing Translational
Sciences, Clinical and Translational Science Awards links with
programs from the NIH Office of the Director, including the
Big Data to Knowledge (BD2K) [91,92] and the Data Science
program [93], and most recently, the All of US Precision
Medicine Initiative [94]. BD2K is a trans-NIH initiative
launched in 2013 to support the research and development of
innovative and transformative approaches and tools that
maximize and accelerate the integration of big data and data
science into biomedical research. BD2K recognizes that software
is a necessary part of any modern solution to biological
problems. Representing the shared interest of the national
Clinical and Translational Science Awards consortium, the
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National Center for Data to Health is particularly interested in
sustainability strategies for data management infrastructure,
which again inevitably involves the sustainability of software
tools revolving around clinical data.

Other countries, such as the United Kingdom and Germany, are
also making national policies to improve software sustainability.
Currently, the United Kingdom has developed a research and
innovation road map and is using the research and development
system as a connection to sources of funding that can flow to
universities, research institutes, government laboratories,
charities, and businesses [95]. The United Kingdom is moving
toward minimizing bureaucracy in the public funding system
to keep checks and approvals that will effectively manage public
money and make informed decisions for the system. Moreover,
the United Kingdom is increasing clarity and coherence in
research and development funding to allow researchers to have
confidence in long-term investments and enable agile funding
to allow the system to tackle issues of national priority and
urgency. For biomedicine, scholars in the United Kingdom
recommend OSS in health care information systems to improve
safety and effectiveness [96]. Similarly, Germany has created
a more unified software policy [97] and has outlined the
following recommendations: (1) in its foundation, research
software must have an open-source code, as well as trustworthy,
supportive, and appropriate infrastructure and infrastructure
facilities; (2) senior researchers and research managers must
develop good scientific practices, and there must be a general
shift toward the acquisition of central licenses rather than
commercial software and services; and (3) in the provision of
research software, there must be a shift from the role of
developer to the role of provider. There are still many challenges
at the organizational and technical levels related to the
development, use, and provision of research.

Looking forward, it will be important to learn from international
governance examples and engage with other groups interested
in sustainable software models. One notable community is the
Workshop on Sustainable Software for Science: Practice and
Experiences (WSSSPE) [98], a workshop series aimed at
promoting sustainable research software by focusing on
principles and best practices, careers, learning, and accreditation.
The fourth WSSSPE created a group interested in writing white
papers that focus on scientific environments and their
implications, targeting developers and project managers of
research software. Another notable community is the Science
Gateways Community Institute, which provides consulting
services for sustainability and business planning [99].

Conclusions

Overview
Our review of the existing sustainability models and 10 OSS
use cases strongly confirms the importance of the 3 proposed
future focus areas of the SIP-WG: (1) to develop a workflow
or decision tree to support informed decision-making that is
consistent with ITCR expectations and the future licensing needs
of open-source tools; (2) to provide a consultancy service for
the 10 sustainability aspects, especially governance, licensing,
code quality, and community building, in collaboration with
the ITCR program; and (3) to develop a collection of business

model archetypes that can be used as starting templates to
formally document the dissemination and sustainability plans
for new software development initiatives. In addition, we stress
on 5 important actions that should be considered in future ITCR
activities, as described in the following sections.

Discussion of the Feasibility of Sustainability Models
for ITCR Projects
An important agenda item of the SIP-WG's future work should
be a discussion of the feasibility of various sustainability models
for the many ITCR support projects, including nonprofit models
(eg, the not-for-profit organization model, the national funding
model, the infrastructure model, the institutional support model,
and the donation model), and commercial models (eg, the
distributed network model, the content licensing or industrial
support model, the user subscription model, the freemium model,
the split licensing model, the razor and blades model, the macro
research and development infrastructure model, and the mixed
model).

Exploration of the Potential Licensing Models
The licensing of research software will have a direct impact on
public–private partnerships. A mixed licensing model may be
the best way to strike a balance between free use (for broad use)
and paid use (for funding support). Given the potential
complexities of different OSS approaches, key stakeholders
should consider the licensing structure of their software models
as early as possible. Important decisions and changes must align
well with the road map of software development and
maintenance, as changing the licensing of existing projects can
be very challenging. Once an open-source project integrates
code from external contributors, it becomes logistically difficult
to legally change the licensing on the code.

Provision of Reward Mechanisms to Enhance
Stakeholders’ Motivation to Focus on Sustainability
The WSSSPE community has pointed out the importance of
enhancing stakeholders’motivation through credits and rewards
[98]. Currently, the main credit given for developing a research
OSS is through publications. Key contributors should be
encouraged to list the creation of software resources on their
resumes and further value the OSS in the grant funding review
process. We should also provide reward mechanisms to fairly
allocate credit to external developers who have contributed to
successful expansions and adoptions. Finally, universities and
research institutions should create viable career paths for
researchers developing software in academia to encourage them
to continuously work on research OSS development.

Establishment of a Central Library to Make OSS Visible
and Reusable
In addition, we should consider establishing a central library to
make ITCR-funded OSS more visible and reusable for a large
number of biomedical researchers. The open-access library
should index the OSS tools with brief descriptions of their
functions and simple examples. This library should point to the
latest version of each OSS tool. It would especially serve as a
repository for retired OSS tools, which may have short-term
difficulties in obtaining funding support. Ideally, this library
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should be searchable, enabling something like a Google search
for research OSS. When researchers have certain needs, they
can first search within this library to find out if there is an
existing tool available to meet their needs or if there is an
existing tool they may expand upon to meet their needs.

Before establishing such a software library, we need to fully
understand who the expected users of the library would be, what
their incentive to use it would be, how often entries would be
added and updated, whose responsibility would be to update
the records, and what funding sources would support the future

releases of a piece of software. Without continuous curation,
there is an eventual risk that software libraries may become
software graveyards.

Provision of Industry Standard Support
Finally, we should allocate consulting resources to research
OSS projects (especially at the early stage of development),
which can guide these projects to follow state-of-the-art industry
standards on code quality control, ecosystem collaboration,
security, and dependency hygiene.
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Abstract

In digital medicine, patient data typically record health events over time (eg, through electronic health records, wearables, or
other sensing technologies) and thus form unique patient trajectories. Patient trajectories are highly predictive of the future course
of diseases and therefore facilitate effective care. However, digital medicine often uses only limited patient data, consisting of
health events from only a single or small number of time points while ignoring additional information encoded in patient trajectories.
To analyze such rich longitudinal data, new artificial intelligence (AI) solutions are needed. In this paper, we provide an overview
of the recent efforts to develop trajectory-aware AI solutions and provide suggestions for future directions. Specifically, we
examine the implications for developing disease models from patient trajectories along the typical workflow in AI: problem
definition, data processing, modeling, evaluation, and interpretation. We conclude with a discussion of how such AI solutions
will allow the field to build robust models for personalized risk scoring, subtyping, and disease pathway discovery.

(J Med Internet Res 2021;23(12):e29812)   doi:10.2196/29812
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Introduction

Digital medicine facilitates broad access to large volumes of
patient data, typically through recordings of health events over
time. For example, electronic health records store the history
of a patient’s diagnoses, medications, laboratory values, and
treatment plans [1-3]. Wearables collect granular sensor
measurements of various neurophysiological body functions
over time [4-6]. Intensive care units (ICUs) monitor disease
progression via continuous physiological measurements (eg,
electrocardiograms) [7-10]. As a result, patient data in digital
medicine are regularly of longitudinal form (ie, consisting of
health events from multiple time points) and thus form patient
trajectories.

Analyzing patient trajectories provides opportunities for more
effective care in digital medicine [2,7,11]. Patient trajectories
encode rich information on the history of health states that are
also predictive of the future course of a disease (eg,
individualized differences in disease progression or
responsiveness to medications) [9,10,12]. As such, it is possible
to construct patient trajectories that capture the entire disease
course and characterize the many possible disease progression
patterns, such as recurrent, stable, or rapidly deteriorating
disease states (Figure 1). Hence, modeling the patient trajectories
allows one to build robust models of diseases that capture
disease dynamics seen in patient trajectories. Here, we replace
disease models with data from only a single or a small number
of time points by disease models that account for the
longitudinal nature of patient trajectories, thus offering vast
potential for digital medicine.
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Figure 1. Analyzing patient trajectories with artificial intelligence in digital medicine.

Several studies have previously introduced artificial intelligence
(AI) in medicine for practitioners [13,14]. Some studies review
potential medical applications that could benefit from AI
[15,16], whereas others review specific methods (eg, deep
learning [17,18]) or specific data types (eg, electronic health
records [18] and medical images [19]). Some studies suggest
reporting guidelines [20,21] or discuss the integration of AI into
medical practice [22]. Our research contributes to the literature
by discussing AI-powered digital medicine based on patient
trajectories.

Patient trajectories refer to time-resolved representations of
patient health events across multiple time points (eg,
hospitalization or treatment events, sensor measurements from
wearables, and physiological measurements from ICUs).
AI-powered analysis of patient trajectories allows for an
assessment of the heterogeneity of patient disease courses. In
Figure 1, trajectory A predicts a sudden but sharp decline in a
health state, whereas trajectories B and C depict 2 types of
progressively declining disease states. Analyzing trajectory-like
representations of patient data can generate new insights for
better care in digital medicine.

To unlock the value of patient trajectories for digital medicine,
there is a need for new AI solutions that can deal with
time-resolved sequential data consisting of multiple health
events. Although many models from the area of AI have become
standard in digital medicine (eg, deep learning [18]), a naïve
application of such models might not be effective when
modeling the longitudinal nature of patient trajectories. Instead,
this requires customized approaches. For example, in a study
by Alaa et al [23], a direct application of deep learning has been
found to be outperformed in terms of both predictive accuracy
and interpretability when one instead uses a carefully engineered
sequential model (ie, referred to as Hawkes process) that treats
the time between medical events as informative for the course
of the disease. On the basis of this background, we discuss
challenges and solutions for AI that are unique to analyzing
patient trajectories. Specifically, we examine the implications
for developing disease models from the patient trajectories along

the typical workflow in AI: (1) problem definition, (2) data
processing, (3) modeling, (4) evaluation, and (5) interpretation,
as detailed in the following section.

Applying AI to Patient Trajectories

Problem Definition
Applying AI to patient trajectories is relevant for different
objectives in digital medicine (Table 1). One objective is risk
scoring [3,23,24], where patient trajectories are leveraged to
predict patient outcomes. Here, the rationale is that the
predictions based on health measurements from patient
trajectories with multiple time points have greater predictive
power than the predictions from those with a single or a few
time points. For instance, risk scoring in ICUs becomes more
accurate when traditional scores (eg, Acute Physiology and
Chronic Health Evaluation II and Simplified Acute Physiology
Score) are replaced with AI-based predictions incorporating
data from patient trajectories [9,10,25]. Similarly, for
cardiovascular diseases, existing risk scores (eg, the Framingham
risk score that predicts the 10-year risk of developing coronary
heart disease) become more accurate when replaced by AI
solutions that work with longitudinal patient data [12]. These
examples show that the underlying patient trajectory provides
rich, granular insights into the disease dynamics that can then
be captured by AI solutions for trajectory analysis. Therefore,
additional patient information, such as past medications,
comorbidities, or other risk factors, can be considered. For
instance, in the context of cardiovascular diseases, it might be
informative for risk scoring to analyze the patient’s past journey,
which comprises whether the patients have been prescribed
nicotine replacements and when (eg, only recently or several
years ago). Different patient outcomes including mortality,
hospital readmission, hospital length of stay, disease onset,
disease severity, or adverse drug reactions can be of interest in
risk scoring. The risk score can then inform treatment planning
(or in general, assess the patients’ needs). In addition, AI
solutions can further generate insights for defining (early)
disease states.
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Table 1. Overview of different objectives in artificial intelligence–based trajectory analysis.

Selected referencesExamplesDescriptionObjective

[3,17,23,26-32]The objective is to estimate the likelihood of future
health outcomes (eg, mortality, readmission, and
adverse drug reactions)

Risk scoring • Predict the 10-year risk of developing coronary
heart disease for patients as in the Framingham
risk score

• Predict the need for an intensive care unit in
an emergency ward through measurements
from wearables

[26]The objective is to cluster the patient cohort into
different disease dynamics (ie, subtyping) while
accounting for the longitudinal form of patient tra-
jectories

Subtyping • Cluster disease progressions into “recurrent
course” and “progressive decline”

[1,33,34]The objective is to detect clinically meaningful
subpatterns in patient trajectories

Pathway discovery • Identify frequent patterns in patient trajectories
that are indicative of disease onset

Here, we see several paths for risk scoring based on patient
trajectories. First, to ensure high accuracy, AI-based risk scores
must be tailored to each patient outcome while considering the
desired forecast horizon and the patient cohort. So far, there are
several studies that showcase the successful use of AI-based
risk scores [35,36]; however, there is a need to develop other
risk scores, especially for the settings in which AI-based risk
scores are scarce or not yet available (eg, predicting the
transition from prediabetes to diabetes or predicting specific
adverse reactions to medication). Second, the AI-based risk
scores will need to be integrated more extensively in clinical
practice. Third, the risk scores should be extensively combined
with approaches for explainability or interpretability, which
allow the derivation of clinically relevant insights from patient
trajectory data (eg, which information in a patient trajectory is
a risk factor). Finally, if one includes data on treatments in the
risk scoring model, one may infer the expected individualized
treatment effect and eventually guide the treatment selection
[37-42]. Here, we see further potential to transition from a purely
predictive approach (ie, what is the expected risk level) to a
prescriptive approach (ie, what treatment do we expect to reach
a desired patient outcome). However, many AI solutions for
estimating individualized treatment effects from patient
trajectories have recently emerged [37-42] without being tailored
to specific disease settings and patient cohorts. Therefore, further
research at the interface to digital medicine should be a priority
that will eventually yield effective and robust implementations
for clinical practice.

Another objective of AI in digital medicine is subtyping, where
AI can understand the heterogeneity observed in patient
trajectories and identify the corresponding digital markers. A
simple approach is to cluster the different patient trajectories
(ie, subtyping) to match patients with similar disease dynamics,
clinical pathways, or care patterns [26]. As a practical benefit,
subtyping can support clinical tasks related to cohort building
and, for instance, can provide patient stratification (eg, to define
a cluster of patient trajectories that serves as an inclusion
criterion for a clinical trial). However, subtyping requires a
suitable notion of patient similarity, which can be challenging
to define mathematically because of the longitudinal form of
patient trajectories. Thus, it is crucial not only to cluster risk
factors at baseline but also to find mathematical approaches that

account for the temporal nature of the trajectories (ie, time-series
clustering). This allows clinical practice to identify subgroups
or subtypes based on the underlying disease dynamics (eg, to
distinguish subgroups with a recurrent course vs a progressive
decline). We expect an added value from comparing different
subtyping approaches in terms of their relative strengths (eg,
generated insights) for future research. On this basis, digital
medicine could develop a principled procedure for defining
patient trajectory similarity in the context of subtyping.

A related objective is pathway discovery, where patterns in
patient trajectories should be detected [1,33]. For instance, 1
application analyzes time series with laboratory measurements
from patients with hepatitis B and C to discover frequent
patterns indicative of liver damage [34]. This application can
help to understand the underlying course of diseases and identify
short- and long-term patterns (ie, motifs) in patient trajectories.

Depending on the objective and explicit assumptions,
implications arise regarding the AI workflow and thus highlight
the importance of selecting an appropriate modeling strategy.
Additional details are provided in the following sections.

Data Processing
A fundamental question is concerned with data collection as
this defines how time is encoded in the data. The example of
nicotine replacement suggests that we should know whether
such a medical event was recent or several years ago. This
illustrates where we are now: when we have longitudinal data,
it is often a matter of whether a medical event happened recently
or a while back. Thus, the underlying time (or the underlying
time lag) must be carefully considered to capture the longitudinal
dimension of patient trajectories correctly. This is currently a
challenge when considering the survey designs (eg, for risk
scores). For example, one survey may ask a patient whether an
event occurred last month or earlier, whereas another survey
may ask to consider events that occurred within the last 12
months or earlier. As such, the meaning of recent may be
inconsistent across survey designs. As a way forward, it will
be necessary to develop a more consistent understanding, ideally
involving data collection that considers precise time stamps (eg,
by leveraging electronic health records).

The AI-based trajectory analysis often combines data from
patient trajectories and baseline variables that describe risk
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factors at the patient level (eg, sociodemographic, genomic data,
or multimodal data). To combine sequential and static baseline
data, tailored AI solutions will need to be developed [27]. Figure
2 shows an example of this approach. The literature shows larger
variability regarding the modeling approaches; hence, further
evaluations are needed to inform an effective approach.

Figure 2 shows an AI-based trajectory analysis in which a fusion
layer combines the static (eg, age or sex) and dynamic features
(eg, health measurements over time). The dynamic features
have a longitudinal form and are processed by a sequential
model (here, a recurrent neural network [RNN]).

Figure 2. Example of artificial intelligence–based trajectory analysis. RNN: recurrent neural network.

Data from patient trajectories are often complex and
high-dimensional, which presents difficulties to humans and
AI solutions for making accurate inferences. As a remedy, one
can apply approaches that map patient trajectories onto a
lower-dimensional representation that is eventually more
meaningful. A simple analogy from medical practice is when
one simplifies the age in years of a patient into a binary yes or
no flag indicating whether a patient is above a critical age
threshold. Here, we see a particular value for representation
learning (eg, embeddings [31]) tailored to the unique
characteristics of longitudinal health time series from clinical
practice. Such AI solutions must be effective in dealing with
the high-dimensional nature of medical data (clinical, genetic,
social data, etc), avoid overfitting, and overcome the curse of
dimensionality in the analysis. Mathematically, the idea of
learning lower-dimensional representations is linked to manifold
learning, for which embeddings are a special case [43].

Another challenge that further limits the use of AI-based
trajectory analysis in medicine is data access and sharing. The
current system is characterized by having data locked in silos
where each hospital or health care institution limits access to
their data and requires lots of bureaucratic work from
researchers before allowing them to study and analyze the data.
However, many initiatives are circumventing this status quo,
such as the Observational Health Data Sciences and Informatics
program, an international network of researchers aiming to
provide reusable, collaborative, and reliable open-source
solutions for large-scale health analytics [44]. Notably, there is
interest in compiling extensive observational studies combining
the electronic health record data from diverse health care
organizations using standards to (1) design meaningful
randomized controlled trials, (2) test clinical hypotheses on
observational data, and (3) gain a better understanding of
population characteristics, facilitated through framework efforts

such as the Observational Health Data Sciences and Informatics
program [44].

Furthermore, in the last couple of years, there has been an
increasing number of studies focused on federated learning
[45-47] that allows for AI algorithms to operate on decentralized
data sets/systems in a privacy-preserving manner. In federated
learning, the underlying algorithms (eg, FedAvg [48] and
FedProx [49]) use the data stored in silos at different local sites
for iteratively training a global/central model from a set of local
models trained separately at each local site to perform prediction
and classification tasks [48,50]. At the interface to health care,
more research is being conducted that uses federated learning
[45,51] for tasks such as clinical note phenotyping (ie, clinical
natural language processing [52]) or predicting patient mortality
in ICUs [53,54]. Here, we particularly point to the recent
attempts to develop such approaches for patient trajectories.
Examples include clustering patients through community-based
federated machine learning for in-hospital mortality and length
of stay prediction [55] or privacy-preserving patient similarity
learning [56]. Federated learning may be further supported by
secure hardware implementations, often with little computational
overhead (eg, referred to as trusted execution environments
[47]).

Moreover, there is more research on the privacy-preserving
aspect of the technology, such as the differential privacy
framework [57] (ie, applied to the model parameters),
homomorphic encryption [58], and data anonymization
techniques offering a defensive level of privacy as required by
the General Data Protection Regulation and the Health Insurance
Portability and Accountability Act [59]. Although these provide
valuable tools for developers, we foresee more research that
tailors them to the context of patient trajectories (eg, by offering
sequential models for longitudinal data). More importantly, the
availability of software packages [60,61] that allow both
simulation of federated learning scenarios and their deployment
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in real clinical settings will accelerate the adoption of federated
or distributed learning approaches and open a wide array of
research exploration and experimentation possibilities. This
will eventually yield longitudinal trajectory analyses that span
patient journeys across multiple hospitals or health care
institutions.

Modeling
Fundamentally, analyzing patient trajectories requires AI
solutions that can effectively handle sequential data structures
that can vary in length (ie, from a few time points to multiple
seconds, minutes, days, months, and year time windows). Hence,
AI-based trajectory analysis must carefully adapt to the
sequential structures by choosing appropriate modeling
approaches.

In risk scoring, predictions from patient trajectories are often
based on neural networks that are tailored to sequential data
structures. These include tailored RNNs [3,17,27-29] owing to
their strength in modeling long-term dependencies. One example
of RNNs is the long short-term memory networks that iteratively
process a time series with physiological measurements and aim
to learn a lower-dimensional representation of the complete
time series, regardless of its length, in their internal code layer.
We can then use this lower-dimensional representation to predict
patient outcomes from the patient’s trajectory. Gated recurrent
units proceed analogously but have a more parsimonious
structure that, in medical applications, may help in obtaining
robust predictions (eg, with a lower risk of overfitting for
small-sized data sets) [8,27,62]. Recently, digital medicine has
also processed the patient trajectories through transformer
networks [30]. Transformer networks involve attention layers
that learn to weigh different parts in a patient trajectory
differently while optimizing for the outcome prediction and
may therefore outperform other RNNs. In our view, a particular
benefit of transformer networks is that the developers from
digital medicine can train them in using semisupervised learning.
One can use a set of patient trajectories without observing the
patient outcomes to learn an abstract representation (ie, via
unsupervised pretraining). Subsequently, one can customize the
transformer network to predict a specific patient outcome (ie,
via supervised fine-tuning). Semisupervised learning often
facilitates more efficient learning when the number of available
observations with patient outcomes is comparatively low.

In risk scoring, other common prediction approaches are
probabilistic models (eg, Markov models, point processes, and
Gaussian processes) [23,32]. Here, we see several benefits for
patient trajectory analyses in clinical settings. Probabilistic
models often have a more parsimonious structure than the
out-of-the-box neural networks, which facilitates efficient
learning and reduces the risk of overfitting in data-scarce
settings. In addition, such a parsimonious structure can facilitate
interpretation by clinical practitioners. Probabilistic models can
be naturally extended by latent structures (eg, hidden Markov

models [63-67]), where latent states capture different trajectory
phases and further improve interpretability. For instance, in the
context of alcoholism treatment, patient trajectories have been
modeled to undergo phases of abstinence, moderate drinking,
and heavy drinking, each of which is captured by a separate
latent state. In our view, such a latent structure represents a
natural way to describe the different patterns in patient
trajectories (eg, acute vs stable phases) and, more importantly,
relates model characteristics to established clinical terminology.
In the future, we expect hybrid models that combine the benefits
of probabilistic modeling and neural learning (eg, deep Markov
models [25]). The former benefits from theory-informed,
interpretable structures that account for different disease states,
whereas the latter are particularly effective for long-term
dependencies.

Across these risk models, it is further essential to consider the
timing of the health measurement. Trajectories may consist of
health recordings in equally spaced time intervals (eg, uniformly
sampled every minute in ICUs or yearly intervals in patient
registries). Often, they contain irregular time intervals, reflecting
nonuniform and patient-specific interactions with the health
care system. As a result, the sampling might be informative of
the disease state (Figure 3). For instance, health professionals
record more health measurements during deterioration in the
patient’s health state. Therefore, AI solutions can use shorter
time intervals to predict future decline in the trajectory. If the
sampling is informative, we encourage researchers to develop
models that consider the time intervals between the health
measurements. For instance, 1 class of such models is point
processes (eg, Hawkes processes). Here, a shorter time interval
between health measurements makes further health
measurements more likely and influences the expected risk
score [23].

Figure 3 shows individual health recordings (eg, medical events,
hospital visits, and laboratory data) in the form of dots. Top: an
example patient trajectory where all medical events are equally
spaced and thus there is a uniform time interval between the
events. Here, the timing of the events is not informative of the
current disease state. Bottom: an example patient trajectory that
indicates a gradual decline in the disease state. Owing to this,
additional health recordings are collected with higher frequency,
which are thus informative about the disease state.

For objectives beyond risk scoring, we need other modeling
approaches. When using risk scoring for prescriptive purposes
(eg, treatment planning or dose finding), we encourage broader
adoption of modeling strategies designed for decision making
(eg, causal machine learning [37,68,69], Markov decision
processes [70,71], dynamic treatment regimens [72,73], and
policy learning [74]). There is a growing traction to extend
many of these modeling strategies to handle longitudinal data,
where health practitioners make treatment decisions over time.
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Figure 3. Difference between noninformative and informative sampling.

For subtyping, one typically draws upon time-series clustering
[26]. For this objective, the definition of a similarity metric is
key [75,76]. One option is to set explicit rules for establishing
patient trajectory similarities, for example, according to a
specific condition such as heart disease [77] or a combination
of clinical or phenotypic features [78]. Domain experts may be
familiar with such approaches, but their definition may not
perfectly integrate with AI algorithms and may thus require
customization. Hence, an alternative is to view patient trajectory
analysis from a methodological, data-driven angle. For example,
when modeling the underlying temporal dynamics for
performing data-driven clustering of longitudinal data, we can
loosely group the approaches into (1) model-free approaches
and (2) model-based approaches. In the model-free approaches,
a similarity metric on sequential data is defined and then serves
as input to conventional clustering algorithms. On the other
hand, in the model-based approaches [79], a representation of
the patient trajectory is learned, and the model parameters are
then used for clustering (eg, mixture hidden Markov models).
For future research, we find model-based approaches intriguing,
as they no longer focus on raw observations but cluster the
underlying disease dynamics (and, as such, can account for
different latent disease states).

For pathway discovery, several descriptive approaches have
emerged that allow for the discovery of subpatterns (ie, motifs)
and common patient trajectories [76]. For example, Beck et al
[33] analyzed disease pathways leading to septicemia in 110,000
patients. The study revealed prototypical pathways starting from
3 initial states (alcohol abuse, diabetes, and anemia) and
established the trajectory-specific probability of sepsis mortality.
This and similar studies reveal great potential to further our
understanding of disease etiology and the possible means of
changing disease trajectories [80,81]. Similarly, Oh et al [82]
constructed patient trajectories consisting of specific health
events (hyperlipidemia, hypertension, and impaired fasting
glucose) and evaluated the probabilities of such trajectories (and
their permutation) in increasing or decreasing the log odds of
developing type 2 diabetes mellitus. Zhang and Padman [83]
identified the most probable clinical trajectories from patients
with chronic kidney disease by first grouping the patients and
then fitting a first-order hidden Markov model to infer the most
probable clinical pathways given sequences of multiple
laboratory test observations and other patient characteristics.
Huang et al [84] proposed a probabilistic model (based on latent
Dirichlet allocation) to identify clinical pathway patterns from
the event logs for patients with unstable angina and cancer.
Dabek and Caban [85] offered another perspective by analyzing
trajectories using automata (ie, deterministic and

nondeterministic finite state automata) and using a grammar
induction algorithm to identify common trajectories in
neurology. Further approaches for pathway discovery are based
on association rule mining [86] and functional dependencies
mining [87].

Related to these objectives are models that adopt a structural
lens to examine the causal mechanisms [88]. This would allow
not only to understand how health measurements change over
time but also why. The underlying AI algorithms are still under
active research (eg, causal structure learning and neural causal
discovery [89]). Here, it will be a rewarding direction for the
future to develop more approaches that are tailored to
longitudinal data.

Evaluation
Evaluations through randomized controlled trials are needed to
confirm the effectiveness of AI-based analysis of patient
trajectories in clinical practice. Recently, there have been such
trials for traditional AI solutions that rely on snapshot data from
a single or few time points [90]. However, similar trials for
patient trajectory analysis are rare [90]. We expect significant
value in conducting such trials and foresee challenges owing
to the unique characteristics of patient trajectories. Foremost,
evaluations through rigorous randomized controlled trials are
a prerequisite to building trust in clinical practice, thereby
expediting further AI-based trajectory analysis. However,
evaluating such an AI solution might be a multiyear undertaking
depending on the time window of the patient’s trajectory. Thus,
it is also essential to recognize that the evaluations are likely to
involve a 2-step procedure. In the first step, trajectory data are
collected to train the AI solution. In the second step, the
previously trained AI solution is then deployed to analyze how
the AI solution generalizes to new patient trajectories. When
conducting such trials, it is crucial to acknowledge that the
patient trajectories capture data from multiple time points and
might thus be subject to an inherent domain shift (ie, where data
distributions change over time, that is, over the patient journey)
[91]. Such domain shifts might affect the performance of AI
solutions [92], especially when the patient trajectories span a
long time horizon. For example, AI-based predictions have been
recently applied to patients with COVID-19 to compare the
predicted health trajectory with the observed trajectory in a
prospective study, finding that the performance of some risk
scores decreased over time [93]. One reason was because of
temporal domain shifts over time [94] as medical professionals
learned about the emerging infectious disease and adapted their
clinical routines over time, thus yielding different and, in
particular, better outcomes than in the data used for training.
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Furthermore, there is a need to ensure reproducibility of the
AI-based analyses. Here, we consider 3 priorities. First, there
is a need to develop a framework. For instance, the existing AI
frameworks (such as scikit learn in Python) are designed for
modeling static data. Conversely, more effort is necessary to
define standardized building blocks for longitudinal data to
effectively model the patient trajectories. Moreover, such
frameworks should also involve tools for automation so that
the disease models can be trained in a semiautomated manner
(subsumed under the term automated machine learning
[AutoML]). Although AutoML has become widespread for static
data sets, only a few libraries are designed for time-series
AutoML [95]. Here, we see enormous potential for future
research at the interface to digital medicine. On the basis of our
own experience, we expect such frameworks to play a critical
role in achieving scalable and increased adoption of AI-based
patient trajectory analysis in clinical settings. Second, future
research should carefully assess and, if needed, revise the best
practice guidelines for AI in medicine [96], so that they consider
the longitudinal form of patient trajectories. For example, the
reporting guidelines should involve information on whether the
period between health measurements is informative (however,
such information is not part of existing reporting guidelines for
static patient data). Other examples could be the choice of the
model (eg, whether latent dynamics were considered and why
or which alternative architectures of recurrent neural networks
were tested and eventually discarded), how the timing of the
health care event was collected (eg, whether a time stamp was
retrieved from a medical health record or whether this was a
survey question referring to the last 12 months and the resulting
uncertainty about the correct time), or the rationale behind how
patient similarity was measured in subtyping. Finally, more data
sets with patient trajectories should be made publicly available
for benchmarking. Although data access is a common issue for
AI research in medicine in general, the challenges are
exacerbated in the context of patient journeys, where it is
common to merge the health measurements from different
sources (eg, from other health registries). So far, only a few
longitudinal data sets are public (as compared with static data
sets with patient data) [76]. Notable exceptions are large
initiatives, such as the Healthcare Cost and Utilization Project,
that offer longitudinal data sets for evaluating trajectory-based
AI approaches [97].

Interpretations
To generate insights for clinical practice, it is often necessary
that AI solutions overcome their black-box nature [98]. Here,
we see enormous potential for new AI solutions that adhere to
the needs of clinical practice with the objective of knowledge
discovery.

One approach is explainability, which aims to understand how
a model arrives at a particular outcome [10,99]. However, AI
explainability is typically developed in the context of static data
and therefore, meaningful time-varying patterns from the course
of a disease might not be revealed. For instance, SHAP values
[99] inform which health measurements are used by the AI
model and what values indicate risk. However, SHAP values

cannot directly interpret the dynamics in health measurements
(eg, whether there is an increase or decrease or large variability
in health measurements, which would be needed to characterize
changes in disease states over time). As a road map for research
in digital medicine, we require techniques that interpret the
temporal dynamics of disease progression, thereby being closely
aligned with the demands of clinical practice. Here, digital
medicine might find inspiration in other disciplines, for instance,
financial technical analysis [100], where a systematic set of
short-term movements of stock prices is used for interpretation.
Similar patterns in patient trajectories could be inferred by
researchers via short-term patterns (ie, trajectory markers) that
characterize a disease course or a combination of short- and
long-term motifs that help identify distinct disease states.

Another approach to generating insights is via interpretability,
which builds upon inferences where the underlying logic is
transparent. Interpretability often requires tailored modeling
approaches. For static data, this is usually achieved through
(penalized) linear regression or decision trees, whereas
interpretability for longitudinal data is typically achieved
through parsimonious models. Different strategies exist to obtain
parsimonious models. For neural networks, there are techniques
that tweak a neural network to provide a sparse one with similar
performance (eg, enforcing feature sparsity through architecture
design, modifying the objective function and the weight updating
scheme [101], post hoc via reservoir computing or pruning, or
a priori via cognitive networks [102]). Alternatively, one can
draw upon structural formalizations (eg, dynamic fuzzy
cognitive maps [78] to simulate patient trajectories) and
probabilistic models (eg, Markov models, hidden Markov
models, and Hawkes processes [23,25,63-67]).

Out of these modeling approaches, we expect hidden Markov
models to be beneficial for interpretability, especially for risk
scoring. The reason being hidden Markov models use latent
variables to capture different disease phases in patient
trajectories. These latent variables often have clinically relevant
meanings and can thus be mapped onto existing clinical
terminology (Figure 4). For instance, in diabetes mellitus, the
latent states are characterized as acute and stable disease states
[64] and thus are of clinical meaning. In addition, recent
evidence suggests that interpretable models might also improve
prediction performance [23]; however, more effort is needed to
explore this further. In the future, we expect to see other
modeling approaches that combine the strengths of hidden
Markov models (for interpretability) with neural learning (for
representation learning and capturing long-term dependencies
in patient trajectories).

The health measurements are observable and thus obtained via
standard data collection practices. In contrast, the latent states
cannot be observed directly and, instead, are recovered from
the health measurements. The latent states then describe different
disease states in a patient trajectory (eg, acute vs stable disease
states). During estimation, the latent states and health
measurements are mathematically linked via components for
both transition and emission probabilities.
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Figure 4. Example of a hidden Markov model. HbA1c: hemoglobin A1c.

Implications for Digital Medicine

Analyzing patient trajectories using AI has multiple benefits.
Dissecting the variability of disease pathways allows research
to better understand both the disease etiology and disease course,
facilitating a more extensive personalization of care. For
instance, it enables the identification of short-term patterns
predictive of future health states, which are then used during
risk scoring. Similarly, patient trajectories capture the
responsiveness of patients to treatments, and by leveraging this
information in patient trajectories, AI solutions can guide
treatment planning. In summary, AI-based trajectory analysis
promises to strengthen the existing computational approaches
to prevent, detect, diagnose, and treat diseases.

To address these challenges, we see particular importance in
community building and in the development of computational
patient trajectory tools that lower the barrier of entry.

Community building will help to set a clear agenda and define
an established terminology, bridging both practice and research
in digital medicine. Here, we point to several valuable directions:
(1) further effort will be needed to extend traditional clinical
terminology (eg, cohort building and patient similarity) to
AI-based trajectory analysis, thereby facilitating communication
between the experts in AI and medicine; (2) it is essential to
build communities by connecting different actors from
regulation, law, data science, and medicine, as this will
eventually be a prerequisite for deploying AI solutions in
medical practice; and (3) such communities may promote data
exchange, thus allowing for more extensive benchmarking of
AI solutions. Similarly, we also suggest hosting leaderboard
competitions as conducted in other fields (eg, the SemEval
benchmark competitions in natural language processing).
Leaderboard competitions will eventually help to identify robust
AI solutions and thus to condense best practices during
modeling.
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Abstract

Social media is increasingly being leveraged by researchers to engage in public debates and rapidly disseminate research results
to health care providers, health care users, policy makers, educators, and the general public. This paper contributes to the growing
literature on the use of social media for digital knowledge mobilization, drawing particular attention to TikTok and its unique
potential for collaborative knowledge mobilization with underserved communities who experience barriers to health care and
health inequities (eg, equity-seeking groups). Setting the TikTok platform apart from other social media are the unique audiovisual
video editing tools, together with an impactful algorithm, that make knowledge dissemination and exchange with large global
audiences possible. As an example, we will discuss digital knowledge mobilization with trans and nonbinary (trans) communities,
a population that experiences barriers to health care and is engaged in significant peer-to-peer health information sharing on the
web. To demonstrate, analytics data from 13 selected TikTok videos on the topic of research on gender-affirming medicine (eg,
hormonal therapy and surgeries) are presented to illustrate how knowledge is disseminated within the trans community via TikTok.
Considerations for researchers planning to use TikTok for digital knowledge mobilization and other related community engagement
with equity-seeking groups are also discussed. These include the limitations of TikTok analytics data for measuring knowledge
mobilization, population-specific concerns related to community safety on social media, the spread of disinformation, barriers
to internet access, and commercialization and intellectual property issues. This paper concludes that TikTok is an innovative
social media platform that presents possibilities for achieving transformative, community-engaged knowledge mobilization among
researchers, underserved health care users, and their health care providers, all of whom are necessary to achieve better health
care and population health outcomes.

(J Med Internet Res 2021;23(12):e30315)   doi:10.2196/30315

KEYWORDS

trans; nonbinary; marginalized communities; gender-affirming care; digital health; community-engaged research; knowledge
mobilization; mobile phone

Introduction

Background
Social media is increasingly being leveraged by researchers to
engage in scholarly debates and rapidly disseminate research
results. Rapid dissemination strategies can facilitate the uptake
of life-saving information, fill gaps in critical information, and

correct misinformation, as has been documented throughout the
COVID-19 pandemic [1]. However, social media also provides
a platform for challenging disseminated knowledge that is
produced about communities without appropriate community
engagement and critical attention to ethical considerations. As
an example, significant controversy erupted in 2019 when a
researcher published a controversial study that presented a
medically unsubstantiated term, rapid-onset gender dysphoria,
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arguing that trans and nonbinary (trans) identity is a social and
peer contagion [2]. In response, several trans-identified
community-engaged researchers challenged these findings on
Twitter to draw attention to the study’s methodological flaws
and its potential harm to trans-people [3-5]. Scientific critiques
of this study were later published by researchers in
peer-reviewed journals and again shared through social media
and web-based news media channels, leading to corrections
made to the original article [6,7]. This is only one striking
example demonstrating the transformative potential of
community-engaged digital advocacy.

This paper extends the existing research on the use of social
media for knowledge mobilization and collaborative knowledge
exchange, focusing explicitly on TikTok. It is among the first
academic papers to draw attention to this fast-growing social
media platform and its potential use as a digital knowledge
mobilization tool. In so doing, the article highlights (1) how
TikTok functions, including its unique algorithm, which creates
the opportunity to reach larger international audiences in
comparison with other social media platforms and relatedly, (2)
TikTok’s potential for audiovisual knowledge exchange with
communities who are active TikTok users—also referred to as
creators on the platform. As an example, we specifically
highlight the possibilities for knowledge mobilization with trans
communities, drawing from the first author’s (KRM) TikTok
analytics data. Some of TikTok’s anticipated pitfalls and
limitations have also been discussed to inform researchers. This
viewpoint study is also of practical use to researchers engaging
with an expansive number of web-based communities on
TikTok, such as youth, and more [8]. Although important,
in-depth considerations of the intersections among social media
technologies, ethics, and society are out of scope. For interested
readers, these discussions may be sought out within science and
technology studies and other interdisciplinary literature [9-11].

Knowledge Mobilization and Health Equity
Knowledge mobilization is of primary concern to researchers
whose study findings have tremendous consequences on the
health equity of underserved, minoritized populations, who are
also termed equity-seeking groups. For example, trans
individuals constitute a growing population whose shared
experiences and health care needs have garnered significant
attention in recent years. Trans persons identify with a different
gender than was assigned at birth, with many undergoing a
gender transition to align their physical characteristics with their
internally felt gender identity [12]. Gender transitions may
include the use of a new name and gender pronoun and/or
changes to one’s physical appearance (eg, clothing and
hairstyle); updating some or all of one’s legal identity
documentation (eg, passport and driver’s license); or accessing
gender-affirming hormonal therapy or surgical procedures,
among other social, legal, and medical processes [12]. Although
not all trans people seek gender-affirming medicine (eg,
hormones and surgeries) to transition, improving access to these
medical treatments is of great concern to trans communities and
their health care providers. Gender-affirming medicine is
associated with improvements in trans people’s mental health
outcomes [13,14], and in some jurisdictions, these treatments
are a prerequisite for changing legal sex designations [15].

Recently, in the United States and in Britain, there have been
numerous legislative attempts to limit young trans people’s
access to gender-affirming medicine [16,17], despite evidence
that such a law could increase mental health concerns such as
suicide risk [13,17]. Compounding these health inequities, health
care providers rarely receive sufficient education or training to
provide care that is sensitive to, or tailored to the needs of, trans
health care users [18,19]. The fear of nonaffirming or
discriminatory and/or incompetent health care can contribute
to delayed health care among trans persons and teaching their
own health care providers, which has been shown to increase
the odds of delaying needed medical care [20,21]. At the same
time, this may explain much of the intracommunity, peer-to-peer
sharing of health-related content via web-based platforms [22].
In this paper, we discuss why and how trans people’s health
care inequities can be addressed by bolstering digital knowledge
mobilization and community-engaged knowledge exchange.

Community-engaged research broadly refers to various
processes and practices involving collaborative partnerships
with communities and/or people who have been historically
underrepresented within, and poorly served by, the academic
knowledge production process (eg, trans communities). An
aspiration of community-engaged research is to form a symbiotic
relationship whereby communities, for instance, health care
users and researchers, work together with a common goal such
as improving access to care [23]. Knowledge mobilization and
collaborative knowledge exchange are integral components of
community-engaged research. Knowledge mobilization is an
umbrella term referring to the collaborative flow of research
knowledge including “knowledge synthesis, dissemination,
transfer, exchange, and cocreation or coproduction by
researchers and knowledge users” [24]. Knowledge mobilization
activities are associated with a faster translation of research
findings to achieve transformation of publicly held beliefs,
changing provider practices, inciting policy change, and
exchanging or coconstructing knowledge together with key
stakeholders or knowledge users.

Social Media, Knowledge Mobilization, and Exchange
The use of social media as a strategy for disseminating research
findings beyond academic contexts has been previously
established. Social media provides opportunities for knowledge
to be publicly discussed and debated almost instantaneously by
researchers, together with knowledge users such as educators,
health care providers, health care users, and the general
population. Croatian medical researchers have used Facebook
to translate evidence-based medicine and high-quality health
information to laypeople, health professionals, and journalists
alike [25]. A 2019 scoping review identified a sharp rise in the
use of Facebook, Twitter, and podcasts to translate knowledge
between physicians and their trainees since 1996 [26]. In total,
this scoping review revealed 12 different social media platforms
used for knowledge mobilization. TikTok was not included in
this list (likely because of the literature search parameters
including studies published between 1990 and 2018). In another
recent example, web-based discussions of hydroxychloroquine
and remdesivir enabled public interdisciplinary medical
discussions and the discrediting of false claims [27]. These
constitute communicative spaces where diverging “viewpoints
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have the potential to circulate and be negotiated” [28]. TikTok
has also been noted as a platform through which credible
COVID-19 public health messaging circulates [29], for instance,
the collective responsibility to keep communities healthy by
practicing social distancing [30]. A literature review of young
people’s use of digital technology highlighted that lesbian, gay,
bisexual, trans, and intersex youth value storytelling about
identity and concluded that there is a need to further establish
how social media platforms influence young people’s
peer-to-peer sharing of health information [31]. Trans people,
in particular, use social media as a vehicle of transformation to
artistically document their gender transitions through a process
of coproduction and storytelling with other trans people [32],
with trans women engaging in extensive community-based
digital advocacy on the web through the hashtag #GirlsLikeUs
[33].

Increasingly, knowledge exchange and coconstruction of
knowledge occur on social media platforms. Before the
COVID-19 pandemic, much of researchers’ community
engagement work and knowledge mobilization occurred in
person. However, due in part to widespread social distancing
and lockdown policies intended to mitigate COVID-19
transmission, social media use has accelerated over the past
year, as these technologies enable people to stay connected with
family, friends, and community [34]. For instance, TikTok use
exploded in 2020, with it being one of the most frequently
downloaded smartphone apps [35]. Social media platforms now
serve as replacement access points for communities and other
social connections. For this reason, community-engaged
researchers must continue to develop digital knowledge
mobilization strategies to join communities in which they are
organizing. At the present moment, trans communities are
primarily connected on the web.

TikTok: A Social Media Platform for Short, Creative
Knowledge Mobilization Videos
A subsidiary of the Beijing technology company ByteDance,
TikTok currently sits among the world’s most popular
smartphone apps [35]. According to TikTok’s Our Mission
section, “TikTok is the leading destination for short-form mobile
video. Our mission is to inspire creativity and bring joy” [35].
The TikTok platform enables users to create, share, and
otherwise digitally engage with short videos (<3 minutes), which
are simply referred to by users as tiktoks. Approximately 800
million people are registered as TikTok account holders
worldwide [36]. In 2020, the proportion of global internet users
aged 16 to 68 years engaging with TikTok was estimated to be
approximately 18% [37]. Although userbase demographics
include significant diversity in terms of gender, ethno-racial,
cultural, and other characteristics, approximately 42% of TikTok
users are aged 18 to 24 years [29]. Importantly, people >30
years are increasingly joining TikTok, including health care
providers, researchers, and educators [38].

Integrating music, text, and video together, tiktoks aim to be
audiovisually entertaining, and the platform itself provides
creators with several built-in tools useful for engaging in digital
knowledge mobilization and the collaborative exchange of ideas.
Not unlike other social media platforms, such as Twitter, the

TikTok video comment section enables text-based responses.
However, TikTok users are also provided with the option of
creating a video response to text comments, which makes more
nuanced and in-depth audio-video discussions possible. Using
the video-response-to-comment option, a creator can produce
an entirely new tiktok, which features the original comment in
a speech balloon. The 2 additional popular TikTok video editing
options are the stitch and the duet. Creating a stitch video
involves responding to another user’s video by inserting—quite
literally stitching—a segment of the original video to trigger
the start of a new tiktok, establishing a public knowledge
exchange between 2 users within the same short video. A duet
serves a similar purpose; however, a duet typically amplifies
and preserves the original video’s content while at the same
time offering notes of endorsement or critiques toward the
original information shared. In many cases with duets or stitches,
the original tiktok creator explicitly requested other users to
stitch or duet the video to answer a question or otherwise engage
in a larger public discussion. Taken together, these video
creation options bolster a creative, audio-video digital
knowledge exchange environment through which TikTok users
engage with one another’s videos. These in-house features of
the TikTok app are especially conducive to community-engaged
knowledge exchange, as they involve direct, audiovisual
communication with other TikTok users.

Those who have experience with opening social media accounts
on other platforms may appreciate that one of the first hurdles
is gaining an audience (eg, subscribers or followers) with whom
to exchange information surrounding particular topics.
Contrasting with other social media apps built around individual
subscribers, TikTok connects an international user base through
a unique algorithm. Each TikTok user has a personalized For
You page, which is fine-tuned by the TikTok algorithm,
reflecting each user’s individual interests and engagement on
the platform. The algorithm is sensitive to the user’s TikTok
activity, including past videos commented on, liked, or shared,
as well as the hashtags these videos apply. Not unlike other
social media, it is primarily through all of these platform-based
activities that a user’s For You page is curated by the algorithm
[39]. The TikTok platform may ameliorate this barrier of finding
an audience to engage with, given that when a video’s content
resonates with other platform users, it may gain the attention
of a large global audience in relatively little time as it is shown
to other users [38]. TikTok videos shared, stitched, and duetted
extensively by other users also tend to attract larger audiences,
and the algorithm mirrors this activity by sending popular videos
to be viewed by an increasing number of users, thereby
compounding a trending video’s attention.

To demonstrate, Basch et al [40] sampled 100 popular, trending
English-language tiktoks that applied the hashtag #WearAMask
and compared these with 32 videos posted by the World Health
Organization (WHO), which were also related to mask wearing.
The metadata of each of the 132 sampled videos were collected
and analyzed. Although the ratio of trending tiktoks to WHO
videos was approximately 3:1, TikTok videos were viewed 500
million times versus the WHO’s 57 million views. The
#WearAMask TikTok campaign received approximately 10
times the views, indicating widespread reach and TikTok’s
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transformative, community-engaged potential for
communicating health information. Eghtesadi and Florea [41]
also observed that TikTok is an important social media platform
that could be used to share medical research with physicians
and the general public. Useful for public knowledge exchange
on topics of community concern, TikTok could help to achieve
a wider discussion inclusive of individuals who may be
otherwise inaccessible to academic researchers who use more
traditional or in-person community engagement strategies.

The hashtags #AcademicTikTok, #LearnOnTikTok, and
#ProfessorsofTikTok are just a few of the many examples
demonstrating knowledge dissemination and educational content
creation already occurring on the platform. These hashtags link
researchers, educators, health care providers, and health care
users together with diverse audiences around the world, creating
innovative digital knowledge exchange. Some of the content
uses humor to critically reflect on academia—for example,
poking fun at the peer-review publication process—whereas
other videos serve to share the results of a research paper and
educate or even recruit study participants. For example, the
popular science communicator Hank Green (@hankgreen1)
boasts approximately 4.5 million followers. In the context of
the digital trans TikTok community, the gender-affirming
surgeon Dr Sidhbah Gallagher (@gendersurgeon), who shares
information about gender-affirming surgeries, has approximately
165,000 followers. Peer-to-peer knowledge sharing is another
form of digital knowledge exchange that often occurs on TikTok
(and on other social media). Examples of peer-to-peer
knowledge sharing happening on TikTok include instances of
trans people sharing with other trans peers Dr Gallagher’s
educational videos about gender-affirming surgery or tagging
their peers in the comment section to notify them about the
video. In another example of peer-to-peer sharing, the
trans-identified physician Dr AJ Eckert (@drajeckert) creates
tiktoks containing medical information about gender-affirming
hormonal therapy intended for audiences of trans health care
users and other health care providers.

Over time, knowledge mobilization has shifted from a positivist,
linear, top-down translation of research findings to increasingly
complex, iterative approaches that include knowledge
coproduction in the context of its use [42]. Said differently, the
former model is being replaced by knowledge activities that
endorse research as a creative enterprise defined by human
relationships, the salience of quality partnerships with health
care users, and power-sharing techniques [43]. In fact,
knowledge mobilization strategies have more reach and better
engagement when involving collaboration or co-design with
stakeholders, such as patients, thereby capitalizing on already
established web-based community networks [44]. Accordingly,
boundaries are increasingly porous between researchers and
communities under study, as evidenced by the knowledge
exchange happening on TikTok. The platform engenders not
only the sharing of research findings by researchers but also
collaborative knowledge exchange between all TikTok users
through features such as the stitch and the duet. Such
collaborative approaches harness co-design between researchers
and knowledge users, in turn, minimizing power differentials
while engaging underrepresented voices and valuing the

legitimacy of lay, or community-level, knowledge [42]. In the
following section, we further discuss why trans communities
specifically present unique opportunities for collaborative and
community-engaged knowledge mobilization via TikTok.

Community-Engaged Knowledge
Mobilization and Trans Peer-to-Peer
Information Sharing

Trans people comprise approximately 0.5% to 1.3% of the
general population [45]. Trans populations also confront
significant barriers to health care, such as gender-affirming
medicine, and experience discrimination within these settings
[46]. Despite more public visibility of trans populations,
trans-related stigma compounds social and health injustices
[45]. Trans-related stigma occurs when ideologies, policies, and
structural systems enforce a male/female binary that
disadvantages trans people [47]. Trans-related stigma can occur
at the systemic level through discriminatory policies and can
be enacted at the interpersonal level through discrimination
within individual interactions [48]. To demonstrate, the US
Trans Survey found that 25% of trans-identified respondents
encountered a problem with their health insurance provider
denying claims related to gender-affirming medicine, with 33%
experiencing at least one negative interaction with a health care
provider such as verbal harassment or having to teach their own
provider about appropriate care for trans people [20].

Disrupting trans-related stigma as well as sharing up-to-date
empirical trans health knowledge about topics such as
gender-affirming medicine are fundamental to improving health
care access, health outcomes, and social conditions for this
population. At the same time, social media platforms such as
TikTok enable trans people to create alternative and
trans-affirming knowledge that can counter stigmatizing beliefs.
TikTok also provides a platform for health care providers and
researchers who specialize in gender-affirming medicine to
educate other clinicians and policy makers. Reflecting
contemporary collaborative knowledge coproduction [42], trans
communities are digitally well-connected and are active in
peer-to-peer information sharing, support, and intracommunity
education on the web [22,49,50]. This creates optimal conditions
for community-engaged research and digital knowledge
exchange between researchers, health care providers, and trans
health care users. TikTok is especially popular with trans people,
and #TransTikTok #TransTok #NonbinaryTikTok and
#GirlsLikeUs are just a selection of hashtags that collate content
and make peer-to-peer knowledge exchange possible. Then,
through the power of the TikTok algorithm and individually
curated For You pages, information relevant to this population
is widely digitally disseminated via hashtags, duets, stitches,
and the sharing and tagging of these videos between users.

However, it is important to stress the reality that trans people
may seek out social media as a means of escaping a
discriminatory world to connect with, and provide mutual
support to, others who share a similar understanding of gender
identity and expression. A 2021 scoping review found that social
media and web-based communities were sources of both
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peer-based support and resilience for trans people, which in turn
could buffer poor mental health outcomes experienced by this
population [49]. Another 2021 scoping review identified
advocacy and education as prominent themes of trans
peer-to-peer information sharing and support [22]. Lupton [31]
specifically recommends examining how TikTok and other
social media platforms are used for health-related content
creation and peer-to-peer sharing among young people. It is
important to point out that peer-to-peer information sharing on
trans health–related topics may also emerge in response to gaps
in health professionals’ education and competency in this
domain; thus, tiktoks could be shown to clinician learners in
health professions education and training. This may explain, in
part, why videos concerning gender-affirming medicine generate
significant attention and knowledge exchange on TikTok. In
the following section, the tiktoks created by KRM
(@prof.kinnon; ~13,800 followers) are shared, and analytics
data are presented.

TikToking About Gender-Affirming
Medicine: Digitally Mobilizing Knowledge

We sampled 13 different tiktoks created by KRM and posted
them between February 19, 2021, and March 4, 2021
(Multimedia Appendix 1). These tiktoks focus on
gender-affirming medicine and primarily feature his own
research and related studies by other trans health researchers.
Each of these videos is <52 seconds in duration and covers
academic research on topics of interest to health care providers
and trans people seeking and receiving hormones and surgeries.
Figure 1 shows one of these tiktoks about gender-affirming

medicine eligibility assessments [51] that, to date, has received
>70,000 views and 8746 positive endorsements (eg, likes or
hearts). For our purposes, we simply present the number of
views and shares for this compiled group of 13 tiktoks. At the
time of writing (May 7, 2021), these videos were cumulatively
viewed >378,301 times and shared >1313 times. Taken together,
the creation of these short videos alongside much engagement
from web-based trans communities via #transtiktok demonstrates
the potential for innovative, digital knowledge mobilization and
exchange on TikTok.

TikTok analytics data are included within each video, updated
daily, and provided to every TikTok user with >1000 followers,
enabling opportunities for researchers to monitor and measure
the impact of their videos. These data provide researchers with
important analytics metrics to track the impact and reach of
their videos, such as the average view time, the total number of
likes or hearts, and very basic viewer demographics (gender
and country). Although counterintuitive, it is not uncommon
for videos posted at an earlier date to gain traction with the
algorithm at a later date, be pushed to users’ For You page, and
subsequently go viral—a term used to denote a trending video.
In such cases, a video has been liked, commented on, and/or
shared by thousands of TikTok users, and the algorithm is
sensitive to this activity, thus prompting the algorithm to
showcase it on other users’ For You page [38]. The more that
users watch and engage with individual tiktoks, the more the
algorithm shows the video to other users with a history of
engaging with videos of similar content. Thus, videos can gain
TikTok users’ attention at discrete periods unrelated to the
original time and date posted.

Figure 1. "Regret" and gender-affirming care.
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Considerations for Researchers Planning
to Use TikTok for Digital Knowledge
Mobilization and Exchange

Overview
Although researchers in past years primarily used mass media,
including newspapers or radio, to communicate the latest
scientific research study findings, the public’s newfound reliance
on social media to access information about current events has
increased. A survey commissioned by the Canadian Journalism
Foundation found that 52% of Canadians and 48% of Americans
aged ≥18 years use social media for news-related information
[52]. In another example, survey data collected by Pew Research
suggest that approximately 1 in 5 American adults access
political news from social media, with 48% of those aged 18 to
29 years reporting social media as their main news source [53].
The demographics of these individuals who use social media
as the main news source also tend to be “younger, are less likely
to be white and have lower levels of education” [53]. Within
the new digital age of disinformation and fake news, social
media engagement is a contentious subject, particularly for
academic researchers [54]. Social media platforms have clearly
become indispensable tools for disseminating empirical
knowledge widely and equitably.

TikTok is an innovative digital platform embedded with
possibilities for transformative, collaborative knowledge
mobilization and community-engaged knowledge exchange
between researchers, underserved health care users, and their
health care providers. As we have shown in discussing trans
populations as an exemplar, TikTok presents unique
opportunities for collaborative and community-engaged
knowledge mobilization, and it may effectively promote critical
dialog and information sharing to advance health care access
for populations who experience poor health outcomes and
barriers to care. However, there are several issues that
researchers need to consider before launching their first tiktoks
into the digital world. These can be summarized as follows: (1)
TikTok analytic tools to measure knowledge mobilization and
exchange, (2) population-specific safety concerns on social
media, (3) the spread of disinformation and the need for
legislation and regulation, (4) reaching those who have barriers
to internet access, and (5) commercialization and intellectual
property concerns.

Of relevance to those interested in using TikTok analytics to
measure and evaluate the reach and impact of their videos, Basch
et al [40] pointed out the challenge in distinguishing between
the number of video views from viewers. Although TikTok
provides users with viewer analytics data, it is not possible to
identify when individual viewers watch a video multiple times
or whether the videos are watched to completion. TikTok
analytics do track the overall average watch time of each video;
however, disaggregating these analytics data is not currently
possible. These are platform-specific confounding factors that
researchers must be aware of when seeking to measure and
evaluate their digital knowledge mobilization activities on
TikTok.

When leveraging TikTok for knowledge mobilization and
exchange, there may be population-specific psychosocial
developmental or safety considerations depending on the target
stakeholder or equity-seeking group. For instance, youth aged
<25 years comprise most of the TikTok users; however, social
media use is positively correlated with depression, anxiety, and
sleep disturbances in young people [55]. Some research cautions
that youth engaging with health-related content on social media
tend to compare their bodies with popular social media
influencers [31] and that there are psychosocial risks, given the
publicized evaluation metrics of likes, shares, and comment
sections that allow users to openly criticize the video creator
[34]. Similarly, young trans people use TikTok, and trans people
of all ages regularly experience trans-related stigma on the web
and in person. Trans people further report high rates of body
image concerns and eating disorders, and a literature review
published in 2016 concluded that body dissatisfaction is central
to trans people’s psychosocial distress [56]. Moreover, Maly
[39] noted that it is through the algorithm that these metrics
contribute to the creation of a populist voice whereby followers,
likes or hearts, and shares become political facts. However, a
study of a Facebook group suicide prevention program with
youth concluded that young people could be safely and
effectively engaged on social media, even on psychologically
sensitive topics such as suicide [57].

A possible solution to account for these population-specific
safety risks is through the piloting of digital knowledge
mobilization products, or knowledge exchanges, on other social
media that offer private and anonymous engagement options.
These alternative options may include private Facebook groups,
Twitter, or Discord. Given TikTok’s powerful international
algorithm and its stitch and duet video editing features, this
platform may not always be the most accessible option for
marginalized communities who are not public about their
identities or who confront harassment on the web, such as trans
people.

Although TikTok presents opportunities for collaborative
knowledge exchange in the spirit of health equity and social
justice, the app itself is not impervious to wider social
discrimination. TikTok has admitted to shadow-banning or
otherwise suppressing content created by people from
minoritized groups, such as lesbian, gay, bisexual, trans,
intersex, fat, disabled, and racialized people [58,59]. According
to TikTok, creators from these groups may be more vulnerable
to cyberbullying; therefore, the hashtags often used within these
communities are rendered less discoverable by the algorithm
[59]. In the wrong hands, TikTok’s stitch and duet film editing
features could be used maliciously to misappropriate the original
video’s message. Furthermore, the possibility of facing swapping
or creating deep-fake videos has been noted [38]. Despite
TikTok’s description of the functions of shadow-banning
content, this measure may result in restrictions on the reach and
impact of knowledge mobilization and exchange. Furthermore,
there also exists disinformation and hateful content on the app,
including expressions of transphobia [60]. Further analyses on
the use of TikTok to share hate and right-wing propaganda has
been demonstrated in the study by Weimann and Masri [60].
Minoritized populations have been misrepresented, and their
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experiences misinterpreted in knowledge creation and
dissemination long before TikTok and other social media. This
is a harsh reality that all researchers working with marginalized
communities must be accustomed to thinking about and
developing plans to account for these risks.

An obvious approach to disrupt antiscience, disinformation, or
other related ideologies harmful to trans and equity-seeking
populations is for academic researchers, health care providers,
and educators to debunk these beliefs with research [54]. This
could be done using TikTok’s stitch or duet video editing
options to directly respond to disinformation with a new TikTok
video or by downloading the original video and engaging
critically with its content in the context of teaching and learning.
Health professions educators should note that tiktoks can be
shown to learners by linking the TikTok’s URL address or by
downloading the video to a device such as a smartphone. Once
stored on a smartphone, a TikTok video can be uploaded and
shared on other social media platforms. Of note, each of these
options risks amplifying harmful disinformation as the algorithm
is sensitive to such activities; in response, the original TikTok
video could be pushed to be viewed by more users of the TikTok
app itself. Better legislation and regulation of TikTok are clearly
required to prevent the spread of disinformation. In cases where
researchers are aware that the content of their video may ignite
significant controversy, it is possible to disable the duet and
stitch options, the option for others to download the video, and
turn off the comment section, thereby foreclosing the potential
for tampering with the original, intended messages. Cautious
researchers may consider disabling these features permanently,
although in doing so, some of the collaborative knowledge
co-design opportunities with others via stitch and duet would
be limited.

Like other economically marginalized populations, trans people
have varying access to smartphones and reliable internet
connections because of individual socioeconomic and regional
factors. Given the existing literature on the digital divide [61],
it is plausible that trans adults living in rural regions with sparse
access to the internet, those with limited resources to purchase
a smartphone, and those who are older may face barriers to
participating in these forms of digital knowledge exchange
occurring on TikTok. The US Trans Survey of 27,715
respondents indicated that 15% of the sample were aged 45 to
65 years, with 3% aged >65 years [20]. Moreover, 30% of the
participants who responded to an income question reported an

annual household income <US $20,000 per year, with half of
those reporting an annual household income < US $10,000 per
year. Furthermore, 3% of the sample who responded to a
technology question reported not having a cell phone, which
accounted for 882 people [20]. Given that the US Trans Survey
was administered in a fully web-based format, this prevalence
may be even higher.

Some researchers may be hesitant to share study results using
a commercial, for-profit app or may hold reservations because
of intellectual property concerns. To this, we note that the
TikTok platform includes an intellectual property and copyright
policy which “protects original works of authorship (eg, music,
videos, etc.)” and it pertains broadly to the expression of users’
ideas and the ways that videos or music are created rather than
the ideas or facts contained within the videos or music.
According to the TikTok policy, using copyrighted content may
violate TikTok’s policies and can be removed [62]. Diligent
researchers may consider consulting in-depth, professional
intellectual property legal advice, as well as their own
institutional affiliations and funding bodies, before
communicating their study findings on TikTok. At the same
time, community-engaged researchers who are planning to share
study results on TikTok may want to proactively discuss with
and elicit feedback from community members and/or health
care providers at the early stages of their projects (before
dissemination phases). In fact, TikTok could be used as a digital
community engagement tool to solicit research topic ideas from
health care users, and other stakeholders, before commencing
a community-engaged research study.

Despite this myriad of considerations, TikTok may still be a
potential digital mechanism for researchers to share knowledge
with international audiences or to target specific knowledge
user groups, such as health care providers or underserved health
care users. We stress that, given the shifting landscape of social
media as a primary information source, TikTok is a novel
technology for collaborative digital knowledge mobilization
and exchange with communities that are organized on the web
and who engage in extensive peer-to-peer knowledge sharing,
such as trans communities. Leveraging TikTok for
community-engaged, digital knowledge mobilization and
transformation is, therefore, an important strategy to achieve
health equity for populations in need of better health care and
social justice overall.
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Cesarean Delivery: Overcoming Challenges Posed by Interfacility
Variation
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Abstract

Research using artificial intelligence (AI) in medicine is expected to significantly influence the practice of medicine and the
delivery of health care in the near future. However, for successful deployment, the results must be transported across health care
facilities. We present a cross-facilities application of an AI model that predicts the need for an emergency caesarean during birth.
The transported model showed benefit; however, there can be challenges associated with interfacility variation in reporting
practices.

(J Med Internet Res 2021;23(12):e28120)   doi:10.2196/28120
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machine learning; algorithm transport; health outcomes; health care facilities; artificial intelligence; AI; ML; pregnancy; birth;
pediatrics; neonatal; prenatal

Introduction

The integration of artificial intelligence (AI) into health care is
expected to significantly influence the practice of medicine
[1-4]. Machine learning (ML) as a modeling strategy is an
attractive option for characterizing and predicting complex
biological phenomena [5].

Critics of AI applications note that the applications are primarily
based on retrospective research, with insufficient focus devoted
to “real-life” implementation and verification of reproducibility
in clinical practice [5,6]. For example, an ML prediction
algorithm developed in an urban tertiary care center with a

diverse patient population may be unsuitable for a community
hospital treating a homogenous population according to local
protocols.

Therefore, transporting AI models across health care facilities
is critical to effectively translating AI research into medical
practice [7]. In this study, we aimed to investigate the validation
of a model to predict the need for an emergency caesarean
during birth, the critical challenge stemming from interfacility
variation in subjective measurements, and to devise a method
to address this challenge.
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Methods

In brief, we developed 2 ML models to predict the risk for
emergency caesarean delivery (for a detailed description of the
methods and model features, see Multimedia Appendix 1 and
[8]). The first model was designed to be used at admission to
the labor and delivery unit (admission model); the second model
was designed for use during labor, integrating additional data
that accumulate as labor progresses (labor progression model).
These additional data supplementing the model allow for more
accurate prediction. Both models will alert the staff of the
likelihood that a parturient might require an emergency
caesarean delivery, allowing for the preparation of staff and
patient.

The models were trained using data from approximately 100,000
births at Hospital A. We extracted multiple data features from
individual parturient electronic medical records (EMRs), totaling
approximately 11 million data points. The institutional review
boards at Hadassah Hebrew University Medical Center and
Soroka Medical Center approved the study.

Both models were able to predict the need for emergency
caesarean delivery, with the admission model achieving an area
under the curve (AUC) of 0.82 and the labor progression model
showing an increased performance, with an AUC of 0.86.

Having created and trained an ML-based model at a given health
care facility, model transport can provide a smaller facility its
benefits, without the large stored medical records or the expense
and expertise required for development. However, care must
be taken to monitor how the transport may affect the
performance of the models, given differences in populations or
settings.

We compared the prediction performance of the models trained
and tested at Hospital A when transported to a second facility,
Hospital B, where they were tested on data from approximately
60,000 births. Both the admission and labor progression models
transported from Hospital A showed comparable prediction
performance at Hospital B. Figure 1A illustrates the transport
and performance of the labor progression model (see Multimedia
Appendix 2 for the hospital characteristics and Multimedia
Appendix 3 for the AUCs and 95% CIs of all models).

Figure 1. (A) Comparing the performance of Hospital A labor progression model (in blue) transported to Hospital B (yellow/blue bar) versus Hospital
B local model (in yellow) and (B) Comparing the performance of Hospital B labor progression model (in yellow) transported to Hospital A (blue/yellow
bar) versus Hospital A local model (in blue). AUC: area under the curve.

We then reversed the process and retested the success of
transporting the models, by training the models at Hospital B
and testing the prediction accuracy at Hospital A. Although the
admission model trained at Hospital B provided similar levels
of prediction at Hospital A, the labor progression model showed
a reduced level of prediction (AUC 0.77 vs AUC 0.84; Figure
1B). We examined the model features to determine the cause
of this decreased performance (see Multimedia Appendix 1).

Two important measurements of labor progression are fetal
head station and cervical dilation. Fetal head station denotes
the fetal descent within the maternal pelvis based on the position
of the fetal head in centimeters above (–) or below (+) the
maternal ischial spines [9]. Cervical dilation refers to the
opening of the maternal uterine cervix, in centimeters, from
closed cervix (0 cm) to full cervical dilation (10 cm). These 2

measurements represent the primary features of the progress of
the birth; how rapidly descent and dilation progress depends on
several factors, including parturient parity, medical history,
pelvic anatomy, the size of the fetus, and the position of the
fetus at the time of labor [10]. Results are operator-dependent,
and measurements can vary between facilities based on local
protocols and practice habits [11].

We identified a difference between the 2 facilities in fetal head
station measurements used by the labor progression model.
Specifically, we found that the dispersion and central tendency
of this variable, as stratified to cervical dilation, differed between
the 2 hospitals: Data from Hospital A were widely distributed
across the full –3 to +3 scale, while those from Hospital B were
more concentrated around –2 to +2. This difference may explain
the reduced performance when transporting from Hospital B,
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while no reduction in performance was observed when
transporting from Hospital A.

In order to overcome this disparity, we evaluated the patterns
of distribution of fetal head station as distributed across the
dilation. We aligned the station within the distribution of the
cervical dilation in order to encompass both approaches. This
partly adjusted for the variation and improved the cross-facility
prediction (AUC 0.82; Figure 2A; see Multimedia Appendix 1
and Multimedia Appendix 3 for the AUCs and 95% CIs of all
models).

This difference highlights the difficulties introduced by
discrepancies in reporting practices between facilities.

Alignment can resolve some disparities, but here, it only partly
recouped model performance.

To further evaluate whether our labor progression model could
potentially benefit an even smaller facility, we simulated a
hospital with a smaller EMR. The 100,000-case Hospital A
model transported to Hospital B showed better performance
(AUC 0.86) than a Hospital B model based on small samples
of 5000 (AUC 0.80), 15,000 (AUC 0.82), and 25,000 (AUC
0.83) cases, emphasizing the benefit that can accrue to a smaller
facility from a model trained at a larger facility and that the
additional benefit decreases as the size of the available local
EMR grows (Figure 2B).

Figure 2. (A) Comparing the performance of Hospital B labor progression model (in yellow) transported to Hospital A versus Hospital B model after
alignment adjustments transported to Hospital A (blue/yellow bars) versus Hospital A local model (in blue) and (B) Comparing the performance of
Hospital A labor progression model transported to Hospital B (yellow/blue bar) versus Hospital B local models trained on progressively larger local
electronic medical record (EMR) data sets of 5000, 15,000, and 25,000 (in yellow). AUC: area under the curve.

Conclusions
In conclusion, integrating ML applications into clinical medicine
will require validation and transportation between medical
facilities [7,12-14]. We demonstrated that ML may be applied
to clinical practice and to obstetrics in particular. A big
data–driven ML algorithm can be successfully transported, and
a data-poor center can benefit from work performed in a larger
facility.

However, transportation requires careful investigation of specific
features and consideration of variations in local populations,
protocols, and reporting to calibrate the system fit [7,12].
Nevertheless, model predictions are heavily dependent on the
data used in training and by the variations in recording practices
and protocols operative in a given health care facility. We
observed that the more detailed labor progression model, when

trained without accounting for reporting differences, provided
a lower AUC than the admission model. Although the
progression model contained more detailed information on the
progression of the labor and intrahospital showed benefit over
the admission model, the benefit provided was lost when
transporting the model to a different hospital: The transported
model performance was inferior to that of the simpler model.
Interfacility variation between health care centers may introduce
unexpected effects into a prediction model. Generalizability
and transportability among medical facilities necessitate
overcoming biases via external validation and adapting the
model to local protocols [15].

Successful translation of AI research into practice depends on
transport across health care facilities. This can individualize
health care, improve outcomes, and reduce complications across
broader populations.
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Additional methodology.
[DOCX File , 544 KB - jmir_v23i12e28120_app1.docx ]

Multimedia Appendix 2
Demographic parameters of the two hospitals.
[DOCX File , 14 KB - jmir_v23i12e28120_app2.docx ]

Multimedia Appendix 3
AUROC of the different models.
[DOCX File , 14 KB - jmir_v23i12e28120_app3.docx ]
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Abstract

Safety issues for researchers conducting and disseminating research on social media have been inadequately addressed in
institutional policies and practice globally, despite posing significant challenges to research staff and student well-being. In the
context of the COVID-19 pandemic and given the myriad of advantages that web-based platforms offer researchers over traditional
recruitment, data collection, and research dissemination methods, developing a comprehensive understanding of and guidance
on the safe and effective conduct of research in web-based spaces has never been more pertinent. In this paper, we share our
experience of using social media to recruit participants for a study on abortion stigma in Australia, which brought into focus the
personal, professional, and institutional risks associated with conducting web-based research that goes viral. The lead researcher
(KV), a postgraduate student, experienced a barrage of harassment on and beyond social media. The supportive yet uncoordinated
institutional response highlighted gaps in practice, guidance, and policy relating to social media research ethics, researcher safety
and well-being, planning for and managing web-based and offline risk, and coordinated organizational responses to adverse
events. We call for and provide suggestions to inform the development of training, guidelines, and policies that address practical
and ethical aspects of using social media for research, mental and physical health and safety risks and management, and the
development of coordinated and evidence-based institutional- and individual-level responses to cyberbullying and harassment.
Furthermore, we argue the case for the urgent development of this comprehensive guidance around researcher safety on the web,
which would help to ensure that universities have the capacity to maximize the potential of social media for research while better
supporting the well-being of their staff and students.

(J Med Internet Res 2021;23(12):e29737)   doi:10.2196/29737
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Introduction

Social media is rapidly becoming a mainstream tool for the
conduct and dissemination of research, health interventions,
and evaluations [1]. Researchers and research students are
increasingly expected to conduct and communicate their research
on the web [2], including using a range of social media platforms
to conduct and promote their work. Such spaces present new
opportunities and risks for research. Rapid and potentially
targeted recruitment and (perceived) anonymity provide access
to historically hard-to-reach populations. At the same time, the
boundaries between researchers’ professional and personal
identities have become increasingly blurred as images,

information, and work are shared and searchable across
platforms. As such, communication with and harassment of
researchers on the web can move rapidly from public to private
spaces, with a suite of personal and professional consequences
that are in line with those of web-based bullying and trolling
more broadly.

In this context of new risks and opportunities, research ethics
processes, the literature, and guidelines are beginning to address
the specific concerns associated with research participant safety
and well-being in web-based and social media research.
However, robust and constructive cross-institutional and
interdisciplinary conversations and guidance addressing the
management of and support for researcher safety and well-being
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continue to be largely missing. In this paper, we argue that there
is an urgent need for robust guidance on the use of social media
for research, paying particular attention to the need for
institutional and ethical frameworks and researcher training that
address web-based safety and mental well-being. By outlining
our extraordinary and challenging experience of going viral,
along with the limited published experiences of other
researchers, this paper calls for institutional and industry-wide
practices that aim to keep researchers and their work safe in
increasingly unavoidable web-based workspaces.

New Norms, New Risks
Under consistent pressure to meet research performance
expectations in the context of time constraints, in the COVID-19
pandemic environment of limited travel and face-to-face
engagement opportunities, and given the benefits of engaging
with technological innovations to improve research processes,
researchers increasingly occupy web-based networks and social
media platforms for the communication and conduct of research.
In this context, social media–enabled recruitment has never
been more relevant. The reach, speed, affordability, flexibility,
and potential for multidirectional communication and sharing
features afforded by social media make it a favorable alternative
to traditional research processes and their limitations [3-6]. In
particular, social media has been found to be an effective tool
in health research and promotion. Social media has been used
to successfully recruit hard-to-reach populations and may be
particularly “well-suited to research and practice on ‘taboo’
public health topics” [4], such as sexual health. This is partly
because of the potential for anonymity on social media, along
with the high number of young people present on these platforms
[4,6-10]. Engaging research participants via social media can
help to minimize research fatigue, facilitate engagement and
retention of research participants, and contribute a richer data
set than traditional methods can achieve on their own [5].

Along with these benefits, the limited (albeit growing) body of
literature on using social media for research also describes
challenges, including self-selection bias, engagement, and
underrecruitment, along with a lack of control over the framing
and sharing of content shared on the web [8,11,12]. Social media
platforms have been described as echo chambers; users are
constantly and progressively exposed to content aligned to their
pre-existing belief systems, confirmation bias thus being a
feature of social media use [13]. This allows for the specific
targeting of messaging and advertisements beneficial to the
conduct of science and health promotion; it also means
politically charged or emotionally arousing content is most
likely to spur engagement and go viral [13,14].

There are additional potential challenges associated with the
use of social media in research. The absence of facial and social
cues and gestures on the web that would otherwise be present
in face-to-face interactions and the real or perceived anonymity
that web-based interactions can afford increase the potential for
interpersonal conflicts and escalation of arguments [15-17].
“Language truncation, the use of images and hashtags, results
in inappropriate, inaccurate or mis-judged commentary in 140
characters” [18], which can affect the narrative that surrounds
research shared on the web and limit the ability of researchers

to control it [8]. Misinformation, misinterpretation, and
misappropriation of research or research activities on the web
could be described as somewhat of an inevitability, as is
highlighted in the discussion of our own experience. Users’
perceived anonymity and strength in numbers also means that
communication and harassment among users can escalate
rapidly, shifting from public to private and professional to
personal web-based spaces [17,19,20]. Harassment on the web
is not new; however, cultural and technological changes are
likely to increase the risks of experiencing harassment and the
speed at which cyber mobs rally, posing evolving challenges to
researcher privacy, safety, and well-being.

Despite the myriad of challenges it poses, social media will be
increasingly used by researchers who will become fluent in
navigating and imagining its potential. Concurrently, these
researchers will inevitably face evolving and fluent forms of
harassment. As such, there is an onus on higher education and
research industries and institutions to assume greater
responsibility for the well-being of staff and students on the
web, supporting and equipping them with the tools needed to
safely navigate and effectively use these platforms and
appropriately responding when harassment occurs.

Going Viral: Triumphs and Troubles
As part of the primary author’s (KV) PhD research on abortion
stigma in Australia, Facebook was used to recruit members of
the Australian public to a web-based survey.

A number of professional, academic, and ethical challenges
were faced by our research team during this process, which we
share here in the hope that they will inform conversation and
debate around the role of universities in better understanding,
mitigating, and addressing researcher and student safety on the
web.

Over 2 years, the authors developed a quantitative survey
measuring abortion attitudes, knowledge, and perceived abortion
stigma, which is the first of its kind to be developed and
implemented in Australia. The survey tool was informed by
extensive literature searching and qualitative and quantitative
testing. It included, among others, a combination of items that
endorsed and rejected stigmatizing abortion-related statements.
The study received approval from the Flinders University ethics
committee, including approval to omit all researcher names
from the study documents.

Participants were recruited to the study using Facebook
advertisements, which were targeted broadly at anyone living
in Australia aged ≥16 years. Our ability to alter and retarget
advertisements over time to ensure that the self-selected sample
was as representative of the population as possible, the team’s
familiarity with using paid Facebook advertising and the relative
speed at which recruitment could occur made recruitment via
Facebook an appealing and logical choice. It may be relevant
to consider that the survey was released during the height of
the first round of the COVID-19 pandemic restrictions in
Australia in April 2020 when other methods of recruitment were
likely to be more challenging than usual.

In just 2 weeks of Facebook advertising, 3500 participants
completed the survey. At this time, the advertisements were

J Med Internet Res 2021 | vol. 23 | iss. 12 | e29737 | p.291https://www.jmir.org/2021/12/e29737
(page number not for citation purposes)

Vallury et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


retargeted to facilitate the recruitment of participants aged >40
years and male participants, underrepresented among the
respondents. During the process of releasing these more targeted
advertisements, the survey attracted the attention of a prominent
antiabortion (prolife) lobby group who shared it with their
membership via email and on their Facebook page. Within 48
hours, >5000 survey responses and close to 100 emails were
received by the lead researcher (KV). At this time, the paid
Facebook advertisements were halted, although the survey link
remained live.

Comments undermining and debating the survey method and
style, along with common antichoice sentiments around the
“irresponsibility of women seeking abortion” and “abortion as
murder” were noted as relevant social media posts. Emails to
the research team and the university ethics committee contained
concerned queries and recommendations for improvements,
along with explicit hostility and requests to have the study
ceased. McPherson et al [21] found that users who are the first
to share a study (on social media) are likely to affect the
composition of the resulting sample, reflecting the power and
influence of individuals to amplify and influence messaging
and information accuracy on the web. Our experience supports
their finding, as the vast majority of the 5000 responses received
in the days following the lobby group’s sharing of the study
reflected their otherwise minority (in Australia) strong
antiabortion views.

Coordinated attempts by this lobby group to undermine rights
or evidence-based laws, policies, or programs, such as those
pertaining to abortion, contraception, and lesbian, gay, bisexual,
transgender, queer, intersex, and asexual (LGBTQIA+) rights,
including marriage equality, are common in Australia [22,23].
Along with the use of more formal lobbying channels, direct
communication (often abusive) with staff involved in projects
or organizations that the group does not agree with have been
reported [24,25]. The potential for such a response to our
research was likely amplified by the growing (at least in
prominence) public mistrust in science more broadly. This was
facilitated by social media and exemplified by apparent global
shifts towards conservatism over recent years [18], along with
the abortion decriminalization process that fueled antiabortion
activism in South Australia at the time our research was taking
place.

Although it has been difficult to formally track shares and
reposts of the study, 3 days after the survey was shared by the
antiabortion group, a prominent feminist politician, feminist
author and public figure, and a number of women’s health and
women’s rights organizations became aware of the study. To
counter the perceived attempts by antiabortionists to sway the
findings, these individuals and groups began sharing the survey
in their networks. The survey was subsequently shared at least
several thousand times across Twitter and Facebook and emailed
to multiple women’s health, women’s rights (feminist), health
provider, and lobby group mailing lists across a 4-day period.
Much of the narrative around these shares sought to encourage
people to complete the survey to balance the nature of responses
received. However, in a number of social media posts, the survey
purpose was misconstrued as being a tool for promoting an
antichoice agenda, causing anger from proponents of abortion

rights. Items asking participants to select their level of agreement
or disagreement with statements reflecting common
abortion-related stereotypes and antiabortion sentiments were
construed as evidence that the survey was inherently antichoice,
which further fueled this narrative. As such, hostility from both
proponents and opponents of abortion rights was directed at the
research team and the university.

Going viral resulted in 67,000 responses in 6 days, with a total
of 70,051 responses received over the 3-week recruitment
period. Ultimately, the final sample broadly represented the
Australian public regarding support for or opposition to abortion
accessibility and legality, with approximately 89% (9/10)
supporting legal abortion always or mostly [26,27]. The survey
link was made inactive after a week of going viral, 3 weeks
after it was first published, as the responses received represented
a mix of views and were deemed more than sufficient to
facilitate a detailed and meaningful analysis. Within days of
ending the recruitment, the antichoice lobby group claimed
victory in their email newsletter, suggesting it was their
campaign against the study that resulted in it being closed.

A month later, a freedom of information request was submitted
to the university to seek documents related to the study,
including documents that indicated the reasons for the survey
being closed and the survey responses themselves. As the lead
researcher (KV) was a student, their name and most of the
information requested were redacted. Details regarding other
members of the research team and the content of several
personal emails between the lead researcher and her supervisors
were provided; some of them were later published on the web
by the antiabortion lobby group.

Despite such a successful recruitment process, our
unpreparedness for the speed with which the survey would be
shared on the web led to a number of challenges for the research
team. For example, we were initially unprepared to manage
(practically and emotionally) the hundreds of hostile emails,
which appeared to be a coordinated attempt to shut down the
project and were received in a span of a few days. Although the
researchers’ names were not in the public sphere, staying
anonymous was a short-term solution, with the need to publish
the work and findings, along with the freedom of information
request, making disclosure inevitable.

A number of safety concerns arose, including concerns and
uncertainty around the following: best practices for keeping
safe on the web and preventing disclosure of personal details
and location (of residence, in particular), the safety precautions
that ought to be considered or implemented offline, and a lack
of institutional capacity to provide such knowledge and support,
the research team awareness of other strategies (with associated
risks) that lobby or activist groups were likely to engage in,
ways to balance the potential professional benefits of media
interest with researcher and student well-being, and an
understanding of risks and managing them to protect the
university and individual reputations.

Phone and web-based meetings with the research team (because
of the COVID-19 pandemic restrictions), on-campus
phone-based mental health support, and the university media
team and ethics committee were all available to support and
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respond to the lead researcher’s (KV) questions throughout the
process of going viral. Although the responses received from
individuals within the university were unanimously supportive,
they were also ad hoc and sometimes conflicting. A coordinated
response across departments, from media to ethics and student
support, would have been beneficial in bolstering a sense of
safety and clarity around how to respond and manage risks in
relation to social media commentary, media requests and email
communications, and threats.

Although it was deemed unlikely that web-based harassment
would translate into offline risks of violence, a history of hostile
activism and violence against abortion providers and supporters
by antiabortion individuals and groups, both locally and abroad
[28-30], contributed to heightened anxiety and fear throughout
the experience. Recently, Glenza [31] described the antiabortion
movement in the United States as radicalized and posing an
increased threat [31]. Similarly, the decriminalization process
and surrounding antiabortion campaign that occurred in South
Australia, where the research team was located during the time
of the research, heightened perceived risks. Overexposure to
unpleasant social media commentaries and emails and comments
on social media calling on people to inundate the research team
with concerned emails resulted in the lead researcher (KV)
experiencing both short- and long-term mental health
consequences.

Researcher Harassment on the Web: An Anomaly?
There is a dearth of literature documenting research going viral
and its impact on research outcomes and researcher well-being.
Kosinski et al [6] described a project that, owing to web-based
snowball sampling, successfully recruited 6 million participants
over 4 years, with safety concerns not reported. Cuevas [19], a
social scientist in the United States, described his experience
of a large-scale, coordinated harassment campaign. It began in
response to a comment Cuevas [19] had made on a social media
post regarding the 2016 US presidential campaign, which rapidly
moved into private and personal messages, threats, racist slurs,
and false reviews, resulting in coordinated attempts to undermine
his employment and family well-being. Cuevas [19] filed police
charges, and the harassment was treated as a hate crime;
however, he continued to experience harassment and threats to
his job security. Cuevas [19] published about his experiences
in the hope of giving a “voice to others who have been similarly
harassed,” stating in a media interview that he later received
“emails from more than 60 professors from all over the world
telling stories of their own” [32]. An Australian academic and
antiracism activist, Dr Stephen Hagan, has also reported
receiving hate mail and death threats in response to fake news
reports about his work in advocating for the renaming of
consumable products with racist connotations. Similar to that
experienced by Cuevas [19], this hate campaign was fueled by
right-wing political campaigns with racist dynamics [33].
Although neither of these harassment campaigns was initially
in direct response to research activities, they were in response
to web-based communication regarding their areas of expertise;
in the Cuevas [19] case, the harassment rapidly became about
his role as an academic and threatened it. As Viney [34]
described, “academics have privileged knowledge that should
be put to use in the community in a form of ‘ethical academia’.”

As such, activism and academia are often fundamentally
intertwined. As social media becomes a vital stage for the
performance and communication of science and research, the
relevant social media posts made by academics may be
necessarily considered to be part of their work.

Other researchers have reported harassing experiences in
response to Facebook advertising, including in response to
advertisements for LGBTQIA+ research participants [20,35].
Mitchell and Jones [20] reported cyberbullying in the form of
Facebook comments, private messages, and voicemails to their
research team, demonstrating the way harassment moves
effortlessly from public to private spaces. Researchers working
with marginalized communities or on marginalized social issues
are most likely to face web-based harassment (usually not
originating from the marginalized communities in which they
are working). Research has also found that “harassment often
arises in spaces known for their freedom, lack of censure, and
experimental nature” [36]. This suggests that there is a particular
risk for academics who are inherently working in experimental
spaces (ie, conducting research) and who may be conducting
research with or are members of marginalized communities
themselves.

Trolling, defined as web-based behavior deliberately intended
to antagonize or offend someone [37,38], is often intended as
a silencing strategy, as was much of the response to our abortion
stigma work. However, trolling is not the only method used to
silence victims of web-based harassment and abuse. The advice
offered to victims to help them cope with trolling is often to not
engage with or further provoke abusers. However, such advice
further silences the voices of victims and their stories and is
situated within a victim-blaming narrative, whereby conducting
work on the web is in itself deemed a provocation and
harassment a normal response [36].

Among the Australian public, negative web-based experiences
are common. In 2019, 14% of adults in Australia were estimated
to have been the target of hate speech [39], and 67% had
negative experiences on the web [40]. Studies with university
students internationally report varied rates of cyberbullying, in
part likely because of definitional and measurement variations;
however, it is common for such studies in the United States,
Canada, and Australia to find that between 20% and 40% of
participants have experienced cyberbullying [41].

Cyberbullying and harassment result in social, mental, physical,
financial, and academic consequences for victims, and these
impacts are more commonly experienced by minority or
marginalized individuals and communities [16,17,39,42].
Secondary traumatic stress may be of particular concern for
researchers witnessing harassment of their target populations
or for those who have experienced personal trauma themselves
[35]. Studies that have addressed cyberbullying in universities
(investigating contexts of web-based learning and web-based
bullying of staff by students or colleagues) have found that it
can lead to significant psychological harm (in terms of mental
health, productivity, and engagement), occupational impacts
(including risks to job security, satisfaction, and employment
opportunities), and physical consequences (including the risk
of violence) [17,19,41].
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Ethical Considerations: Something Is Missing
The literature describing the ethical challenges associated with
social media use in research are rooted in traditional ethical
frameworks, with a focus on participant safety and protection.
Ethical dilemmas regarding the appropriateness of the use of
social media users’ web-based data as research data and the
automatic sharing of social media users’ web-based behavior
(including engagement with research-related content) with data
companies are being increasingly addressed as they pertain to
issues of consent, anonymity, and privacy [8,12]. Privacy and
confidentiality risks to consenting research participants and
nonparticipatory bystanders and the implications for participant
aftercare (ie, the need for researchers to remain available to
participants post data collection) have also been described
[8,12,43]. Issues of inclusion and accessibility have also been
raised, with the digital divide continuing to signal and exclude
already-disadvantaged communities [5].

Ethics committees routinely request, as they must, detailed
information about potential risks to participant safety and
strategies to manage these risks. However, what is often
neglected in ethics processes, the published literature on social
media–based research, and institutional policies is researcher
safety and well-being on the web. We acknowledge that this
gap exists within a broader gap regarding researcher safety
issues, described most frequently as relating to fieldwork and
sensitive research, which are not new but remain inadequately
addressed [5,44].

A Call for Guidance and Integrated Management of
Researcher Safety on the Web
Health and social scientists and research students can face
considerable risks and consequences associated with conducting
research on politically contested or otherwise sensitive topics,
which are characteristic of many areas of health research [45,46].
However, such risks, particularly their relevance in web-based
settings, have been insufficiently acknowledged in the literature,
policy, or practice. Researcher safety and work health and safety
in research are most often defined in terms of risks of physical
violence in field and laboratory work [47-49]. Cyberbullying
policies and the literature focus largely on peer-to-peer or
peer-to-staff (or vice versa) interactions.

There appears to be a dearth of comprehensive and integrated
frameworks, training, and guidance for preparing research staff
and students to implement and manage their work and safety
on the web, both at the institutional and research levels [50].
There is limited evidence-based or regulatory guidance on the
use of social media for research broadly [3,6,8,12]. This
contributes to ambiguity around relevant ethical considerations
and best practices, including how to interpret and apply existing
ethics principles [51]. Guidelines published by The British
Psychological Society note that exposure to distressing content,
unsolicited attention or messages, or derogatory attacks may
cause emotional distress and threaten researcher and institutional
reputations as a result of web-based research [20]. However,
descriptions of risks and implications of ethical considerations
regarding public–private distinctions, confidentiality, and
anonymity (among others) for researchers are not provided, nor
is guidance on mitigating or managing risk and adverse events.

The under- or overestimation of risks resulting from a lack of
ethical and practical guidance for web-based research and
inconsistent approval outcomes from ethics boards affects
researchers’ ability to conduct ethical web-based research and
may discourage social media use in research, resulting in lost
opportunities [5,6].

Research from North American universities has found that over
half of their faculty members are unsure whether there are
resources available to support them if they experience web-based
bullying; however, they believe universities should be
responsible for preventing and stopping web-based bullying
[17]. Although Cuevas [19] reported a uniformly supportive
response from the faculty to the harassment campaign against
him, he also noted that he would have preferred a more assertive
organizational response that would call out his attackers and
deter future harassment campaigns rooted in the use of collective
power against a public minority figure. Our own experience
mirrors that of Cuevas [19] as responses to our experience were
uniformly and personally supportive; however, there was no
sense that a broader institutional response or positioning against
the harassment was considered. This leads us to consider
whether a desire to appear objective (and, likely, to appease
diverse funders) mutes what should be confident,
evidence-based, inclusive responses by academic and scientific
institutions toward homophobic, antichoice, or other hate-fueled
harassment of their staff and students.

Research institutions have a duty of care toward staff and
students and, as such, an obligation to develop and implement
strategies to protect researchers in the diversity of their modern
workspaces. Although universities in Australia are legally
mandated to hold policies addressing cyberbullying of staff,
similar policies are not legally required for students [41]. A
study found that although approximately 70% of Australian
universities have policies relating to bullying via computers,
less than half indicate support for victims of bullying, and only
20% provide advice for students about bullying [41]. An analysis
of 465 policies at Canadian universities conducted in 2015 found
that only one-third referenced cyber behaviors, and few
addressed the prevention of web-based harassment [52].
Furthermore, such policies tend to focus on cyberbullying among
peers or colleagues and often fail to address web-based safety
management more broadly.

Failing to remain current with and address web-based safety
concerns is not unique to universities. The Guide for Preventing
and Responding to Workplace Bullying by Safework Australia
[53] acknowledges the health and safety risks of bullying but
fails to mention web-based harassment or bullying at all.
However, as thought leaders and public institutions, it is
questionable whether these gaps in universities—organizations
that are designed to lead in knowledge generation and
translation—are acceptable any longer.

Recommendations
In 2019, Russomanno et al [35] published what they described
as “the first formal, safety and monitoring guidelines for
researchers using social media” for recruitment, particularly of
marginalized population group members. These guidelines
recommend protection for both participants and researchers,
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with a focus on minimizing, managing, and addressing negative
comments and cyberbullying. Recommendations include
assigning research team members to regularly administrate and
monitor recruitment posts; posting advertisements for at most
a 1-week period (at a time) to minimize researcher burnout;
using inclusion and exclusion terms to minimize negative
responses; restricting who can respond to or comment on public
pages; frequent reviewing of Facebook policies around privacy,
profanity, and reporting before recruitment to reduce the burden
on research staff and decrease users’ experiences of negative
comments and bullying; screenshotting and reporting all
negative interactions to internal review boards; organizing
regular staff debriefs and team meetings to minimize compassion
fatigue (secondary traumatic stress); and making a relevant
referral to mental health services or resources for staff as needed
[35]. Evidence also suggests that the use of both inclusion and
exclusion terms when targeting Facebook advertisements could
help to minimize the likelihood of cyberbullying toward both
the study population and, presumably, web-based researchers
[20,35]. It is the specifics of managing safety, such as those that
we believe should be shared and understood widely across
research institutions and ethics boards.

On the basis of our experiences, relevant guidance addressing
researcher safety on the web could also speak to the following:

1. The need for the routine provision of evidence-based
training in ethical issues in web-based research for both
researchers and ethics committees; this could support
increased confidence of institutional review boards and
individual researchers in using social media research
strategies effectively, along with encouraging the teaching
of techniques to minimize the risk of exposure to potentially
harmful content and responses

2. Information on and strategies addressing the blurring of
private and professional boundaries on the web and
changing notions of privacy, including the implications for
researcher safety and security, and guidance on the
responsibilities of institutions in cases where harassment
occurs and may move through public and private spaces

3. Emphasis on the legal, practical, and ethical implications
of working across various social media platforms

4. The need to understand, support, and strengthen the digital
fluency and mental health risks and capacity of researchers

to prevent, manage, and respond to potential harassment
and bullying, including clear protocols for individual and
institutional support and response when harassment does
occur

5. Strategies for engaging with media, both in the more
traditional sense of media training and in regard to
responding and communicating on the web, ensuring such
strategies are not centered around avoidance of social media
or on a victim-blaming mentality

6. Understanding language use, inclusion and exclusion terms,
and other platform-specific features that can help
researchers to minimize risks associated with social
media–based recruitment

Universities may also benefit from institution-wide efforts
toward understanding and planning for the ways in which
various departments and roles across the organization need to
contribute to and work together toward coordinated and effective
responses to adverse events.

There appears to be a consensus in the literature that guidance
pertaining to web-based research ethics should be based on
traditional ethical and well-being frameworks, partially to aid
ethics bodies in their transition to assessing risks in these new
web-based workspaces, particularly as overarching ethical
concerns remain the same across the various locations of
research [5,8,50,54]. However, the evolving risks, expectations
around privacy, personal and professional boundaries, and
ethical norms will necessarily generate new understandings and
definitions of safety and require new applications and
imaginations of existing ethical frameworks [50].

Instead of fearing the unknowns and risks of web-based
research, the development of comprehensive guidance around
web-based safety will help to ensure that universities and
research groups have the capacity to maximize the potential of
social media for research while better supporting the well-being
of research staff and students. As such, we propose that the
higher education sector, research institutions, and ethics bodies
need to engage more fully with the emerging risks social media
presents. When the potential benefits for the quality of research
outcomes and for staff and student well-being are weighed
against the risks of not better engaging with these issues, the
urgency and importance of this work become clear.
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Abstract

Digital technologies offer unique opportunities for health research. For example, Twitter posts can support public health surveillance
to identify outbreaks (eg, influenza and COVID-19), and a wearable fitness tracker can provide real-time data collection to assess
the effectiveness of a behavior change intervention. With these opportunities, it is necessary to consider the potential risks and
benefits to research participants when using digital tools or strategies. Researchers need to be involved in the risk assessment
process, as many tools in the marketplace (eg, wellness apps, fitness sensors) are underregulated. However, there is little guidance
to assist researchers and institutional review boards in their evaluation of digital tools for research purposes. To address this gap,
the Digital Health Checklist for Researchers (DHC-R) was developed as a decision support tool. A participatory research approach
involving a group of behavioral scientists was used to inform DHC-R development. Scientists beta-tested the checklist by
retrospectively evaluating the technologies they had chosen for use in their research. This paper describes the lessons learned
because of their involvement in the beta-testing process and concludes with recommendations for how the DHC-R could be useful
for a variety of digital health stakeholders. Recommendations focus on future research and policy development to support research
ethics, including the development of best practices to advance safe and responsible digital health research.

(J Med Internet Res 2021;23(12):e25414)   doi:10.2196/25414

KEYWORDS

digital health; mHealth; research ethics; institutional review board; IRB; behavioral medicine; wearable sensors; social media;
bioethics; data management; usability; privacy; access; risks and benefits; mobile phone

Introduction

Background
The increasingly familiar term digital health was defined by a
United States National Institute of Mental Health working group

in 2017, as the “blending of mobile health (mHealth) and health
information technology (smartphones, wearable sensors,
web-based resources, and electronic health records) with genetic,
biological, social, and behavioral science to help consumers,
clinicians, and researchers measure, manage, and improve health
and productivity” [1]. For this commentary, we focus on
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commercially available and research-grade digital health
strategies used in behavioral health research and reflect on the
ethical, regulatory, and social behavioral issues inherent in this
work.

The ability to leverage digital health strategies and tools (eg,
wearable and remote sensors, social media platforms, and mobile
apps) to support health research holds enormous potential for
behavioral and social scientists by offering accessible, scalable,
and cost-effective approaches to delivering interventions to
promote health behavior change, prevent disease, identify
illness, and facilitate diagnosis [2]. The US National Institutes
of Health began funding digital health research over a decade
ago and, although the use of digital tools and strategies in
research remains somewhat novel, it is escalating rapidly [3,4].
A study of United States National Institutes of Health funding
of digital health research documented a 386% increase in
funding of digital research between 2005 and 2015 [4]. Digital
tools and strategies are increasingly used to reach populations
previously understudied in biomedical research [3,5,6], including
vulnerable populations with stigmatizing illnesses [7]. In the
United States, the rapid onset of the pervasive technology era
has preceded the development of ethical guidelines and
regulatory infrastructure, which leaves researchers and
potentially patients or participants vulnerable in making
decisions about the selection of digital technologies and
decisions about whether to participate in research. Although
efforts are moving forward, these regulatory and governance
gaps challenge our scientific community to inform responsible
practices in digital health research, particularly new challenges
and unknown unknowns with regards to risk assessment and
data management [8,9].

Harnessing these technologies for use in health research comes
with new social and ethical responsibilities to ensure that the
products are effective, accessible, usable, sustainable,
considerate of privacy expectations, and with good faith efforts
to secure volumes of personal and sensitive health

information—all of which influence the potential risks of harm
and potential benefits of using such technologies [10]. The
ethical responsibility to evaluate digital products for use in
health research lies not only with those developing the
technologies for research-grade use but also with companies
that sell these products. Moreover, other key stakeholders,
including researchers using digital tools and strategies to study
health promotion and ethics review boards (eg, institutional
review board [IRB] in the United States, research ethics board
in Canada and research ethics committee [REC] in the European
Union) that are charged with protecting research participants,
have an important role in shaping ethical digital health research
[9,11]. However, for researchers, digital health guidance for
selecting tools and strategies is lacking. To promote informed
decision-making in keeping with social and ethical
responsibilities of those who conduct research, the Digital Health
Checklist for Researchers (DHC-R) was developed [10]. This
paper describes researchers’ perspectives when beta-testing the
first iteration of a digital health framework and checklist.
Although the perspectives voiced in this paper are those of
US-based researchers, we anticipate that our lessons learned,
recommendations, and call to action will be relevant globally
where regulations and standards to guide ethical digital health
research are either limited or nonexistent.

DHC-R Background
The DHC-R is grounded in well-established ethical principles
of biomedical and behavioral research and supports the
following 4 domains: (1) access and usability, (2) privacy, (3)
data management, and (4) risks and benefits (Figure 1) [12].
The ethical principles of respect for persons, beneficence, justice
[12], and respect for law and public interest form the core of
the DHC-R framework (Figure 1). The DHC-R is licensed under
a Creative Commons Attribution-Non-Commercial 4.0
International License (2018-2020) and available through the
Research Center for Optimal Digital Ethics (ReCODE) Health
research tools webpage [13].

Figure 1. Digital health framework with examples of checklist prompts embedded within each domain (used with permission of C. Nebeker, ReCODE
Health).
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These 4 domains intersect with foundational ethical principles
that undergird responsible practices in health research. However,
researchers face a lack of consistent governance in digital health
spaces. Regulations such as the US Health Information
Portability and Accountability Act (HIPAA) do not always
protect the granularity and volume of data and the safe storage
of data derived from digital tools and strategies [14]. Moreover,
not all entities conducting digital health research are governed
by federal regulations created to protect research participants.
This inconsistent governance creates confusion about how to
assess risks of harm, manage data, and convey information to
potential participants [15]. Awareness of these inconsistencies
is useful when making choices about which digital solutions
may work best to support the research aims and be safe for use
with research participants.

Beta-Testing Approach
The DHC-R checklist was developed in 2 phases and has been
reported elsewhere [10]. The DHC-R was developed in the
United States and anchored to ethical principles that guide
biomedical and behavioral research in the United States. Briefly,
during phase 1, an expert panel was convened to review a
decision-making framework published by the American
Psychiatric Association, which was designed for clinicians who
might prescribe or recommend a mobile app to their patients
[16]. Phase 2 involved beta-testing a modified version of the
American Psychiatric Association checklist for use by digital
health researchers. Beta-testing involved a group of behavioral
scientists who agreed to serve as the second expert panel. Expert
panel members were asked to identify a recent digital health
research study that they had designed and obtained IRB approval
to conduct. Each panel member then applied the modified
checklist, administered via the SurveyMonkey (Momentive Inc)
platform, to their specific use-case study. Following completion
of each domain area within the checklist (eg, privacy and data
management), each panelist was asked to comment on the clarity
of the prompts and whether additional criteria or content should
be included (eg, is anything missing or anything else to add).

When beta-testing was completed, the lead authors (RBE and
CN) reviewed all qualitative and quantitative responses and
subsequently revised and published the DHC-R development
process. Qualitative comments also revealed personal reflections
by the panelists and a few concerns; specifically, that their
prospective risk assessment may have been incomplete. With
the goal of exploring their experiences during the beta-testing
process, the lead authors scheduled 2 meetings with the
panelists. After the first meeting, the lead authors reviewed
open-ended comments and meeting notes and identified
emerging themes using a thematic analysis approach [17].
During a second meeting to confirm and refine the themes, the
lead authors discussed how best to share these valuable and
personal insights leading to this paper’s lessons learned
summary. For context, the lessons learned presented in this
paper arise from the authors’ experiences working with
technologies and research participants in the United States.
Collectively, we conducted behavioral change intervention
research that is both preventive (ie, physical activity and healthy
eating) and aimed at treating chronic conditions, such as kidney
disease, diabetes, and cardiovascular disease. We leverage

technologies, such as wearable sensors, mobile apps, web-based
social networks, and other connected technologies (ie, smart
pillboxes and weight scales) in our research. Therefore, the
lessons learned presented in this paper are shaped based on the
United States context, including relevant United States legal
protections of human subjects in research, and other relevant
legislations such as US privacy laws. The goal of sharing our
collective experience as panel members and behavioral scientists
is to support the broader digital health research community and
encourage other stakeholders to share responsibility for
individually and collectively shaping ethical and responsible
practices.

Results and Lessons Learned

The following 3 key themes were labeled: (1) researcher
vulnerability, (2) lack of control, and (3) researchers’
responsibility for human research protection. For each theme,
we address what actions can be taken and future directions to
consider.

Researcher Vulnerability

Overview
Reflecting on the design and implementation of their study use
case left many panelists feeling vulnerable. This vulnerability
stemmed from recognizing, in our role as behavioral scientists
and researchers, we lacked a framework to guide the selection
of the digital health tools and strategies used in our research
studies. Without guidance, we needed to rely on our personal
experience, technical savviness, and best judgment. Before
beta-testing the DHC-R, there were no evidence-based tools or
resources available to inform the selection of a digital health
tools or strategy that would be appropriate for our studies and
safe for participants. As researchers, we have used important
and practical considerations for selecting a digital health product,
such as whether the technology could be adapted to meet the
needs of the research study across research sites and whether it
had reasonable technical specifications. However, too often, we
were not aware of important ethical aspects, and although our
studies had received IRB approval, there were aspects of the
digital tools and strategies we were not familiar with or knew
how to consider prospectively when planning our research.
Often, these issues are not known until a problem arises, which
is what the DHC-R is working to preempt by helping researchers
develop awareness as well as decision-making skills needed to
be purposeful in advancing responsible and safe digital health
research. The following response to the DHC-R beta-testing
survey conveys this vulnerability:

Yes [I would do things differently]...That said, I also
feel powerless as there is so little, I feel I understand
in making decisions on use.

Reducing Vulnerability
As researchers, we are trained to ask scientific questions and
design studies to answer these questions. We have become
experts in our respective disciplines; however, when we have
the opportunity to use new tools or methods, we must recognize
that we are novices and seek guidance from those with greater
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expertise, as well as diverse experiences. We may find that
working with a technologist, privacy expert, or participants can
help to shed light on the known unknowns and potential unknown
unknowns that are inherent when learning how to use a new
research tool. Recognizing our vulnerability is necessary and
humbling and will certainly lead us to become better scientists.
Nevertheless, it is important to balance the fear of making the
wrong decision with that of moving fast and potentially causing
damage and harm. The slogan “Move purposefully and fix
things” aligns with our intention of embracing vulnerability
[18].

Future Directions
Our developmental research revealed that using the initial
checklist can facilitate reflection on factors that influence
responsible digital health research [10]. Whether this reflection
process prevents one from blindly moving into work that could
be risky is unknown. We also do not know if reflecting on
potential risk may discourage one from pursuing important
health research. Although additional research on the DHC-R is
required, the checklist was useful in prompting our awareness
of important considerations when selecting digital tools and
strategies for health research.

The framework (Figure 1) may reduce the vulnerability.
Researchers are encouraged to consider digital tools and
strategies from both the researcher and participant perspectives
during the study design phase. The domain of access and
usability prompts the consideration of the extent to which
training may be required. For example, although commercial
health wearables (eg, Fitbit) are designed for ease of use,
participants may not intuitively know how to use real time data
to make decisions about their future health behaviors. Assessing
the need for and potential methods to train participants could
prevent technology naivete from limiting intervention effects
and influencing outcomes.

The privacy domain prompts researchers to take a deep dive
into the vendor’s terms and conditions of service to understand
what data are collected, where data are stored, and how data

might be shared. For example, researchers should be able to
select specific variables of interest from a health technology
platform (eg, location and time of day) without burdening
participants to provide these data. Moreover, requiring
participants to download the data file and transfer it to
researchers could compromise the data quality and security.
Assessing the need for a third-party data management system
is also an important consideration.

Finally, items in the risks and benefits domain of the checklist
cue researchers to think about what evidence exists to support
using the technology (reliability) and the validity of the device
for the particular study in question. Checklist prompts (Figure
2) guide the researcher to consider potential risks and weigh
them against the potential benefits of the technology.

During beta-testing, one comment describes how future thinking
may be demonstrated: “I plan to more fully consider what details
to include in the informed consent, particularly about data
sharing.” Applying the checklist used during beta-testing was
beneficial in that it prompted reflection. Moving forward, we
anticipate that other researchers will find it useful to
prospectively consider how a particular digital health tool or
strategy aligns with their goals of doing good science and
protecting research participants. For example, a researcher
evaluates an app that also happens to collect GPS data, but GPS
data are not needed for the research study. In this case, the
DHC-R would prompt the researcher to think about either using
another app, if the GPS feature cannot be turned off, or
explaining to participants during informed consent that these
data are being collected so that they can make an informed
decision about whether to volunteer. Technologies on the
horizon, such as the smart toilet, will likely continue to
challenge our ability to evaluate situations in which researchers
collect data that extend beyond their original research questions.
The DHC-R may prove useful for decision support today, and
in the future, provided it is a dynamic tool that changes with
time. These choice points become particularly important if the
researcher uses a third-party app that provides little or no control
over the use of data outside the research study.
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Figure 2. Example of data management domain from the digital health checklist (used with permission of C. Nebeker, ReCODE Health).

Lack of Control

Overview
Experiencing vulnerability stems from the awareness that
researchers sometimes lack control when selecting digital
technologies. For instance, researchers often sacrifice control
for the benefits of using commercial products. Many commercial
products make the application programming interface available
to all or select approved researchers. This allows researchers to
access data and deploy interventions using commercial products.
For example, in a statewide dissemination of a web-based
behavioral weight loss program offered through primary care
clinics, participants have the option of linking a commercially
available calorie counter smartphone app to their patient portal,
where they are responsible for uploading weekly data on calories
consumed per day, daily exercise minutes, and daily body weight
[19]. Calorie counter apps are widely available, but the majority
of the most popular ones do not have a researcher-accessible
application programming interface. Consequently, researchers
are limited in which apps they can use if they wish to access
these data. At the same time, smartphone apps regularly add
new (or discontinue) features, which may impact researcher
access to data or make a training guide for participants obsolete
when features change. In the traditional research timeline,
commercial digital health products will update repeatedly during
the course of a single trial, and these updates are out of the
researcher’s control. These updates can wreak havoc with
regards to measurement and implementation and undermine the
entire study design. Finally, researchers often lack control when
they choose to use a commercially available digital tool or
strategy because they cannot control modifications made to the
data structure, algorithms, or equations, nor control whether the
company stays in business, which is crucial to maintain
consistent technology support and potentially data management.

Although digital tools and strategies create opportunities for
researchers, the field is dynamic, making it difficult to foresee
all potential risks. However, we learned that the decision-making
domains of the DHC-R helped to focus panelist attention on
key areas, including privacy, data management, risks and
benefits, access, and usability. In this sense, the DHC-R builds
awareness around important decision-making domains. The
following comment made during beta-testing reflects this
increased awareness:

There were various factors around interoperability
and privacy that I did not previously consider,
especially with the use of commercial apps within my
study. Data from these apps weren’t collected for my
study, but I did request that participants try a variety
of apps, which could have put them at risk for loss of
confidentiality that wasn’t as clear at the time of the
study. Will consider this more in the future and also
include transparent language in the consent forms.

Future Directions
To move the field and researchers toward building awareness
of the controllability of the digital tools and strategies, the
DHC-R is best used during the planning phase of research. Not
only can it be useful in prompting researchers to consider what
they can and cannot control and guide development of
contingency plans, the DHC-R can be used throughout the
project for ongoing assessment of factors that influence
responsible and ethical practices. By conducting an ongoing
assessment of the products selected for a particular study, we
anticipate an increased sense of control that comes with being
informed. In addition to being informed, we as individuals and
members of the digital health research community need to be
honorable stewards of funding received to conduct behavioral
health research with integrity. The responsibility to take action
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resides with all in the digital health research ecosystem;
however, it is not presently a norm. As such, we collectively
need to commit to affecting changes in standards such that poor
practices do not become the default standards. For example, if
a product is not research friendly (eg, terms of use conflict with
federal regulations for human subject protections and platform
changes without notification), then those vendors become less
desirable than vendors that are supportive to the research
enterprise. Moreover, there is a need to prioritize the training
of researchers in the pipeline such that they recognize their role
in shaping policy and the dynamic development of best
practices. With these added responsibilities, we recognize that
research funders need to step up to support research on research
ethics in the digital health sector, ideally as part of strategic
planning. These collective efforts will serve to advance the
development of future digital health research and raise
awareness of what is acceptable verses a deal breaker.

Researcher Responsibility in Protecting Participants

Overview
Two important lessons emerged about the researcher’s
responsibility. The first lesson is recognizing our responsibility
for due diligence in the protection of human subjects when
selecting technologies and embedding them in our study design.
This includes how researchers communicate and plan studies
that are submitted to the IRB/REC. The second lesson is on
how we take our DHC-R assessment outcome and communicate
it in a way that potential participants can understand and make
an informed decision about whether to participate. These 2
lessons highlight researcher responsibilities and suggest actions
needed when planning future studies and how the DHC-R can
assist with research design and implementation.

Due Diligence
Using the DHC-R places a shared responsibility of due diligence
on both the researcher and IRB/REC—rather than relying solely
on the IRB/REC or other body to determine participant safety.
For example, if researchers use the DHC-R during the protocol
development phase and then share that evaluation process with
IRB/REC members, researchers demonstrate that they are
thinking critically about designing research with prioritized
participant safety. However, there were concerns that an
IRB/REC may use additional knowledge about digital health
tools and strategies to act more conservatively and overprotect
participants, thus slowing the approval process and, possibly,
stopping important health research from occurring. Moving
forward, it is critical that both researchers and review boards
play an equally active role in developing awareness of factors
that influence study risks and benefits and learn how to use
decision support tools such as the DHC-R.

We collectively agreed that researchers should not exclusively
outsource the responsibility of risk assessment to the IRB/REC.
Specifically, researchers should not rely on the review board as
an ethics expert, especially in the area of rapidly changing tools
and strategies used in digital health research [8]. For example,
digital technology companies can be acquired by other
companies, which is not often discussed in typical research
consent forms. In such cases, researchers must consider how

the acquisition affects research data collection, storage, and
sharing while considering the long-term availability of the
product for continued use. Researchers should plan to
communicate this information to prospective participants during
the consent process and provide updates to the currently enrolled
research participants. In effect, the DHC-R helps to shape the
research protocol with respect to complex aspects of data
management, privacy, access, and usability, and also how to
convey these concepts when crafting the information conveyed
during the informed consent process.

Moving From Responsibility to Accountability
The DHC-R can help researchers identify ethical and regulatory
issues that have typically been left to the review board members
to identify and resolve. Moving forward, researchers as well as
others who make up the digital health research sector must
design an ecosystem where we collectively use checks and
balances. The organization of this ecosystem is beyond the
scope of this paper; however, we highlight the following steps.
First, to improve informed consent, we need to make information
accessible and meaningful and to present it in a way that
facilitates sound decision-making. At present, researchers tend
to use words to convey complex concepts that may not be useful
to people with low technology and data literacy. Designing a
consent process that actually informs decision-making may
require that researchers partner with prospective participants
and communication and design experts to learn how best to
convey information. This goal is not trivial and will require
dedicated funding to overhaul how we approach informed
consent. For now, the DHC-R provides a framework for deep
consideration of what information participants may need to
make informed decisions. In addition, the DHC-R facilitates an
opportunity to consider how researchers can best assist
individuals in becoming better informed with respect to
information contained in a terms of service agreement. Although
many agree that service terms and privacy agreements are not
meant to be read or understood, as researchers, we have an
obligation to educate prospective participants and help them to
understand what permissions are given when accepting terms
to use a commercial product (eg, Fitbit and Facebook) [20].
This education can include information on privacy limitations
and data management, along with the potential unknowns
inherent in digital health research participation.

Future Directions
When technology is used in health research, data security and
privacy responsibilities should be shared to an extent by all
stakeholders, including technology developers, researchers,
hosts, and participants. It is also the researcher’s responsibility
to inform participants when product functionality that may alter
privacy and data management risks changes. Presently,
institutions focus on research risk assessments to reduce legal
culpability. That may be important; however, the need for
institutions to help researchers to develop sound data
management protocols that protect research data is critical,
particularly when potentially granular personal health data
collected using digital tools and strategies are not covered by
United States HIPAA regulations. One beta-tester indicated the
following:
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I think it was critical that when using a commercial
device, we included the creator [tech developer] as
a co-investigator. This helped us think through
generalizability and future applicability issues once
the software and hardware are updated. I have done
other studies in the past where we did *not* do this,
and it was a mess. I highly recommend doing this
whenever possible.

Moving forward, we envision the DHC-R inspiring awareness
of our collective responsibility in framing the ethical, legal, and
policy-related decisions that support a robust digital health
research culture. Ideally, researchers will be better able to
identify problems and craft risk management solutions that align
with developing best practices—this includes elevating
awareness of products that are neither research friendly nor in
the best interest participants who engage in our research studies.

Discussion

As researchers, we have a responsibility to (1) lead the narrative
for accountable, fair, and transparent practices; (2) inform best
practices by sharing experiences and conducting empirical
research; and (3) help our colleagues avoid pitfalls. Following
our experiences of beta-testing the checklist, which led to the
DHC-R, we realized that by openly sharing our experiences,
both failures and successes, we could advance the development
of best practices. The DHC-R is a new decision support tool
that uses a framework consisting of the following 4 domains:
(1) access and usability, (2) privacy, (3) data management, and
(4) risks and benefits anchored to the ethical principles of
biomedical and behavioral research used in the United States
[12]. Our lessons learned serve as the starting point for openly
sharing successes and failures in selecting and using
technologies in health research. However, with the rapidly
changing digital landscape, there is an urgent need to engage
researchers and the extended digital health research community
in the open sharing of experiences to expand the body of lessons
learned. The DHC-R provides a structure that could be useful
for other responsible parties, including technology developers
and IRB/REC members. Scientific and clinical progress is most
likely to be achieved if the digital health research community
collaborates with global stakeholders and regulatory bodies to
ensure safe and innovative science.

To inform best practices, a global and multi-stakeholder
perspective is needed, including traditional researchers at
academic institutions, health technology companies, and citizen
science initiatives. With this diverse research ecosystem comes
variation in formal research training, ethics acculturation, and
regulations, all of which call for elevating opportunities for
engagement and dialogue [15]. Furthermore, the DHC-R was
developed and beta-tested with US-based researchers; thus, the
perspectives described herein may only be applicable to the
United States. Engaging international stakeholders is needed to
understand the extent to which the findings are applicable
outside the United States.

In considering the lessons learned, a cluster of issues emerged
surrounding the importance of, and the need for, educating
stakeholders, particularly IRB/REC members and participants

(who may also be patients). With that in mind, we propose a
call to action inviting key digital health stakeholders, including
review boards, participants, professional societies, and funders,
to consider their respective roles in designing a responsible and
ethical digital health research ecosystem.

Ethical and Regulatory Review
The IRB/RECs perform an important function in the review
and approval of regulated research with human subjects.
However, as technology changes and digital health studies
increase, we see gaps in the ability of review boards to be well
informed and make appropriate decisions [8]. The digital health
community needs to collaboratively develop processes to
advance ethical digital health research. Organizations that
support IRB/REC professionals (eg, Public Responsibility in
Medicine and Research) and recognize the unique challenges
introduced by technologies in health research (eg, Society of
Behavioral Medicine, American Psychological Association,
American Medical Association, and Computer and Human
Interaction) are well-positioned to increase educational
opportunities specific to the ethical, legal, and social
implications of digital health. Over the past decade, we have
seen an increase in meetings that bring together experts from
across sectors and disciplines, and given the increase in
internet-based meetings owing to the COVID-19 pandemic,
convening across professions and sectors is easier than ever.
However, more work is needed to advance safe, responsible,
and ethical digital health research. Researchers also have a
responsibility to suggest innovative strategies for protecting
patient privacy and safety to their colleagues, review boards,
and professional societies. Ethical practices must be shaped as
a system rather than being siloed within research areas and
organizations.

Educating Participants or Patients
Educating participants about digital health research has ethical,
legal, and practical considerations. From an ethical perspective,
it is important to anticipate or consider how to make the
informed consent process accessible, especially in studies that
are completely remote. There has been some research on the
process and use of e-consent [21] and efforts to improve how
complex concepts are conveyed through a smartphone or tablet.
We encourage efforts to involve participants (and their
caregivers where appropriate) as partners and working with
prospective participants to complete the DHC-R can be an
approach to engage them in study planning, informing study
feasibility, and assisting with risk assessment and mitigation
planning.

Professional Societies
We encourage professional societies to foster a culture among
members that put the ethical, legal, and social implication
responsibilities of researchers at the forefront. To do so, we
recommend that professional societies use the DHC-R
framework and companion checklist as a decision support tool
for member education efforts that encourage the conduct of
socially and ethically responsible research. Furthermore, the
intersection between academic researchers and industry calls
for scientists to become collaborators with technologists, rather
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than only being seen as end users. To accomplish this,
professional societies can encourage industry partners to attend
scientific meetings, not solely as vendors or industry sponsors,
but as attendees. The DHC-R could be a useful framework for
developing targeted education and introducing concepts of
ethical decision-making in the digital health sector.

Funding and Policy
The current funding paradigm, both within the United States
and abroad, typically requires compliance with regulatory
mandates for human subject protection, including guidance for
obtaining and documenting informed consent. However, our
existing methods for obtaining informed consent do not require
the assessment of the extent to which an approved consent
process results in an informed participant; hence, further
research is needed here. Funders can also support researchers
interested in shaping digital health research policies and norms
by creating a mechanism to support the empirical research that
will advance evidence-based policy development. Moreover,
similar to the importance of having a biostatistician on the
research team, researchers should consider engaging a health
technology ethicist as a coinvestigator and include aims that
advance knowledge of risk assessment and meaningful consent.

Learning Communities
Learning communities that support safe and open sharing are
recommended. As digital health and related new technologies
continue to emerge, unknowns are expected and will continue
to surface. These unknowns, when they do occur, create learning
opportunities from which researchers and other stakeholders
could benefit—particularly if we embrace a learning community
approach. To accomplish this type of open sharing culture, a
platform is required. One such platform that could serve as a
model (or be the go to resource) is the Connected and Open
Research Ethics (CORE) platform hosted by ReCODE Health
[22]. To succeed, open sharing would be rewarded. For example,
a novice digital health researcher who plans to use wearable
sensor technologies to observe free-living daily behavior with
the goal of documenting physical activity and then deploying
a behavioral intervention may benefit by accessing
IRB/REC-approved protocols that have been shared by a more
experienced researcher. This can occur at the CORE Resource
Library, where IRB/REC-approved protocols and consent
documents are tagged and freely shared by and with members
of the global CORE network [23,24]. Experienced researchers
who share their digital health protocol to help others may be
motivated through altruism or with service credits that contribute
to productivity metrics for promotion. The motivation to
participate as a member of the CORE should be driven by a
commitment to advocate and a desire to contribute to the shaping
of best practices. How that is realized will be up to our collective
community efforts. Alternative metrics or rewards for researcher
transparency, whereby researchers get credit for open sharing,

will be how researchers are able to lead within the academic
community.

Limitations
The lessons learned and call to action recommendations
described in this paper are based on experiences in the United
States and framed on current relevant and applicable laws, or
lack thereof. Although the United States lacks a regulatory
framework to guide researchers in using digital technologies in
research, there are emerging state efforts that show promise.
For example, in California, the recent privacy regulation will
protect resident personal information collected by unregulated,
for-profit businesses in cases where the United States HIPAA
does not apply [25]. Internationally, there have been advances
in privacy and data management. The World Health
Organization has published a resolution on health technology
assessments to improve decision-making and policy
development [26]. In Europe, policy-driven [27,28] impact
assessments have advanced from privacy impact assessments
[29,30] to mandated data protection impact assessments, which
are required when processing data “is likely to result in result
in a high risk to the rights and freedoms of natural persons”
(General Data Protection Regulation) [28,31]. The United States
could learn from these efforts occurring in other countries and
align with these best practices, as applicable to the United States.
There is much we can learn from other countries that have been
successful or are leading successful efforts in these areas.

Conclusions
Digital technologies offer potential benefits for advancing health
research, yet introduce unique ethical, legal, and social
implications. For researchers, due diligence in selecting
technologies for research purposes requires awareness of known
risks and anticipation of unknown risks to both individuals and
society. Decision support tools can help researchers
systematically consider the selection and use of technologies
for use in health research. The DHC-R described in this
commentary is one decision support tool that prompts
researchers to anticipate participant privacy, consider risk of
possible harms against benefits, evaluate access and usability,
and review data management protocols. For researchers, the
DHC-R can be used to facilitate informed research planning
and preempt downstream problems associated with digital health
research. Researchers who tested the DHC-R learned valuable
lessons, which were synthesized to inform recommendations
and a call to action directed at key stakeholders. Encouraging
strategies that promote open and transparent discussions about
the promise and pitfalls of digital health are required to ensure
ethical and trustworthy research. Through collective action to
identify issues and unmet needs within the global digital health
ecosystem, an ethical and responsible digital health architecture
can be realized, but only if stakeholders act now to do their part.
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Abstract

As many as 80% of internet users seek health information online. The social determinants of health (SDoH) are intimately related
to who has access to the internet and health care as a whole. Those who face more barriers to care are more likely to benefit from
accessing health information online, assuming the information they are retrieving is accurate. Virtual communities on social
media platforms are beginning to serve as venues for seeking health information online because peers have been shown to influence
health behavior more than almost anything else. As a positive mediator of health, social media can be used as a direct or indirect
mode of communication between physicians and patients, a venue for health promotion and health information, and a community
support network. However, false or misleading content, social contagion, confirmation bias, and security and privacy concerns
must be mitigated to realize the full potential of social media as a positive mediator of health. This paper presents the shifting
dynamics of how such communities are affecting physician-patient relationships. With the intersections between the SDoH, social
media, and health evolving, physicians must take into consideration these factors when establishing their relationships with
patients. We argue a paradigm shift in the physician-patient relationship is warranted, one where physicians acknowledge the
impacts of the SDoH on information-seeking behavior, recognize the positive and negative roles of social media as a mediator
of health through the lens of the SDoH, and use social media to catalyze positive changes in the physician-patient relationship.
We discuss how the physician-patient relationship must evolve to accommodate for the ever-increasing role of social media in
health and to best use social media as a tool to improve health outcomes. Finally, we present a fluid and multicomponent diagram
that we believe will assist in framing future research in this area. We conclude that it is ineffective and even counterproductive
for physicians to ignore the relationship between social media, the SDoH and health, their impact on one another, and the effect
it has on designing the medical encounter and the delivery of care under the definition of precision medicine.

(J Med Internet Res 2021;23(12):e25230)   doi:10.2196/25230

KEYWORDS

social media; social determinants of health; precision medicine; patient care

Introduction

Precision medicine, a comprehensive approach to patient care
that takes into consideration genetics and the social determinants

of health (SDoH) when diagnosing and treating disease [1,2],
is prevailing among the priority areas for research in Canada
and should be considered the standard for patient care worldwide
[3]. The SDoH include socioeconomic factors that affect health
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and well-being, such as income, education, and employment
[4]. Such factors are affected by societal systems of oppression
and are intimately linked to an individual’s position in society
relative to the societal status quo. As neither genetics nor the
SDoH alone can indicate health status, the two must be viewed
as intrinsically and inextricably linked to one another and thus
to an individual’s overall health and well-being [5]. By
definition, a precision health care approach should be both
personalized to the patient and humanistic. With a multitude of
health factors that can influence and are influenced by the SDoH,
they should be considered by physicians when managing their
patients’ health concerns. However, many SDoH and barriers
to care issues continue to be overlooked by physicians [6-8].

Research has shown that as many as 80% of internet users seek
health information online [9,10]. Social media platforms,
internet-based user-driven community platforms for
communication and sharing user-created content [11], have
flourished as virtual communities where people exchange
information and opinions, and seek support and advice from
peers [12-14]. Such platforms include blogs (eg, WordPress),
wikis (eg, Wikipedia), social bookmarking (eg, Reddit), social
network sites (eg, Facebook), status update services (eg,
Twitter), virtual world content (eg, Minecraft), and
media-sharing sites (eg, YouTube) [11]. Specifically, health
information seeking is among the most popular online activities
with diet/nutrition, physical activity, signs and symptoms,
treatment, and public health interventions as some common
examples [8-10,12,13,15]. Social media has been studied in
attempts to improve health outcomes with mixed results, but it
is not yet clear what aspects of successful interventions
precipitated their success [16]. Likewise, the reasons for failure
of unsuccessful interventions, which led to worsened health
outcomes or increased health inequity, are not clear. Thus, social
media has the potential to positively moderate patient health,
but how it can be used correctly to maximize benefit and
minimize repercussions for patients remains to be seen.

In part related to the accepted importance of understanding
patients’voices and perspectives, it has been implied that social
media use should also be taken into consideration by physicians
as a determinant of health [6]. Although health care practitioners
remain the principal trusted authority for health information,
the SDoH of the patient—including accessibility barriers such
as geography, cost, and time—result in patient preference for
online searching over in-person consultations [12]. Due to its
social connectedness, social media is one of the preferred venues
for obtaining health information and community support, and
peers have been shown to influence health behaviors more than
almost anything else [14]. There are questions as to the accuracy
and unbiased nature of online health information, especially
that which is disseminated on user-created content platforms
such as social media [8,17,18]. Further, an individual’s internet
competency does not necessarily equate to their medical literacy.
However, whether or not social media is a net positive or
negative mediator of health, as we will argue, it undoubtedly
affects individual health status in unique and substantial ways
and thus cannot be ignored by physicians.

In this paper, we examine the complex relationship between
social media and the SDoH. We propose that social media’s

effects on health should be considered as part of the standard
of care. Moreover, we argue that a paradigm shift in the
physician-patient relationship is warranted, one where physicians
acknowledge the impacts of the SDoH on information-seeking
behavior, recognize the positive and negative roles of social
media as a mediator of health through the lens of the SDoH,
and use social media to catalyze positive changes in the standard
of care. We suggest that only by broadening our understanding
of the intimate linkages between social media and the SDoH,
and incorporating it as part of patient care, can the gap be
bridged effectively to deliver a vision of precision medicine
that is inherently and sufficiently personalized.

The Impacts of the Social Determinants
of Health on Information-Seeking
Behavior

The Government of Canada recognizes 12 determinants of
health, including but not limited to biology and genetic
endowment, childhood experiences, physical environment, and
access to health services [4]. Not all determinants of health are
SDoH. Rather, the SDoH are those that focus on social and
economic factors such as race, income and social status,
education and literacy, and employment and working conditions.
The World Health Organization’s Commission on the Social
Determinants of Health has defined SDoH as “the conditions
in which people are born, grow, live, work and age” [19].

It is imperative to consider who has access to the internet when
discussing the demographics of social media users, as social
media users are by definition a subset of internet users. Access
to the internet in general, a requisite for accessing social media,
is related to factors underlying the SDoH. This relationship
between internet access and the SDoH influences what
information individuals are accessing and how they are
accessing it [20,21]. This, in turn, affects their use of digital
tools such as social media, which encompasses a wide array of
websites and applications. Nearly 60% of the global population
have access to the internet [22]. Nevertheless, a digital divide
exists, and although internet use increases every year, this digital
divide highlights disparities in access for underserved
populations, especially those in low- and middle-income
countries (LMIC) [14,22,23].

Age, an SDoH, is also a factor contributing to the differentiated
use of social media; older adults tend to search for health
information online significantly less than younger age cohorts
such as Generation Y (1977-1990) because they lack prior
internet experience and thus possess lower internet competency
[8,14,24,25]. In addition, evidence indicates that education,
another recognized SDoH, and specifically higher education
correlates with an increased likelihood of searching for health
information online as does identifying as female [20,26].

Overall, people of low socioeconomic status or from LMIC,
older adults, and less educated individuals face the most
substantial barriers to accessing the internet in general and social
media in particular. Unfortunately, this is the same population
who stand to benefit the most, healthwise, from having access
to health information online [14]. The apparent need for internet
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access in specific SDoH segments reinforces clearly the
statement delivered by the United Nations Human Rights
Council that access to the internet is a basic human right [27].

Social Media’s Potential as a Positive
Mediator of Health

Accessibility barriers to in-person care are currently
unacceptably high [14,22,23], and methods of communication
between physicians and patients remain strictly in traditional
formats [7]. Despite enormous advancements in internet
technology and virtual communication, patients are still required
to appear in-person at a physician’s office to communicate with
a physician and receive care. To do so requires substantial
privilege on the part of the patient, such as having the time and
resources to attend an appointment. Recently, due to the
COVID-19 pandemic, there has been an acute increase in
emphasis on providing more virtual care. However, this is still
quite limited and “temporary” as “there isn’t a lot of readiness”
for using virtual health care [28]. Although methods of
communication between physicians and patients are “at the
heart of healthcare” [7], they are traditionally designed using
practices that appear to lag substantially behind modern
methods, in part due to regulatory bodies’ regulations and
practice guidelines [28]. Although patients tend to seek health
information online for a number of reasons, the majority state
that they would prefer to obtain this information from health
care practitioners, but it is simply not within their means to do
so due to an inability to access care as a result of economic,
social, cultural, or physical barriers [23,29].

Social media is largely free, easy to access from multiple
geographical locations, and considered by patients to be “more
convenient, timely, cost-effective” [8]. In some cases, receiving
care in person may be impeded by stigma (eg, for treatment of
mental health or sexually transmitted infections). In that regard,
social media is reported by users as “privacy protective, and
[less embarrassing]” [8] as a venue for seeking health
information. Such perceptions are not always accurate, as will
be discussed in the following section, and they by no means
represent all social media users [30]. Further, social media is
inclusive; provides a sense of solidarity, hence enhancing the
attribute of community support; and grants a greater perceived
sense of control to patients over their own health [29].

Patients have reported that information received from physicians
during in-person consultations was “not clear, satisfactory, or
conductive for asking additional questions” [31]. This may be
one of the reasons that patients turn to social media for health
information. When this occurs, they report feeling more
knowledgeable, confident, and empowered in their abilities to
communicate with health care practitioners [6]. Patient
satisfaction (the perceived standard of care) is thus improved
when social media is used as a tool for obtaining health
information.

Perhaps equally important to decreasing accessibility barriers
and increasing patient access to health information, social media
also acts as a support network [12,13]. One study found that
support networks are a preferred venue for obtaining health

information, second only to physicians [12]. Support networks,
including those facilitated by social media, are linked to the
SDoH [32-34] and substantially affect health behaviors [35].
This is useful for health promotion and health outcomes, as
people may be persuaded to partake in positive health activities
such as healthy diet, exercising [36-38], and receiving their
annual flu shot if their peers have posted publicly about
participating in these activities [39]. In sum, social media has
the ability to mitigate the SDoH that result in limited physical
accessibility, enhance personal confidence, and empower
patients’ communication with their physicians.

Social Media’s Potential as a Negative
Mediator of Health

For all the aforementioned benefits, social media is not
exclusively a positive mediator of health [29,40]. There are
notable problems with obtaining health information on social
media; direct implications of social media use on health; and a
problematic, homogeneous, “single story” narrative that is
presented. It is important to acknowledge the negative and
potentially dangerous effects of social media on health to
reconcile them.

Social media tends to present information of questionable
credibility, and it is oftentimes sponsored by a potentially biased
entity [8]. Occasionally, online health information is entirely
false [17]. In addition, although it may provide patients with a
sense of privacy in comparison to discussing stigmatized topics
in person with physicians, there are notable concerns about
anonymity and privacy when obtaining health information online
[29]. Confirmation bias (ie, the tendency to seek and trust
information that is belief consistent and to discredit information
that is belief inconsistent) is another well-documented danger
associated with seeking health information online [18].
Personalization algorithms on social media platforms can further
polarize the information available to patients though
“recommended” or “suggested” content [13,41]. This content
is automatically sourced based on previous social media activity,
and it is presented to the user whether they are seeking it or not.
Antivaccination content is a particularly good example, as
parents who search for vaccine information online are more
likely to hold antivaccination beliefs and possibly be active on
similar communities of interest [10,18].

Emerging literature is increasingly documenting the direct
impacts of social media on health [13,35]. Social media has
been found to promote a sedentary lifestyle, increase
self-isolation, decrease quantity and quality of sleep, and
negatively impact mental health [13]. Social contagion, a
recently documented phenomenon, depicts the contagious nature
of certain noncommunicable health conditions over social media,
including obesity and emotions such as happiness, anxiety, and
depression [35]. Social influence and peer recommendations
may substantially alter a person’s health behaviors as well,
likely due to susceptibility to peer pressure, desire to belong to
a group or feel supported, and perception of credibility of the
recommendations [14,35,42]. A vicious cycle between anxiety
and online health information seeking is another documented
phenomenon, where high levels of anxiety are associated with
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online health information seeking, the findings of which further
increases anxiety [43].

In 2009, Chimamanda Ngozi Adichie delivered a now renowned
TEDtalk about the dangers of a “single story” narrative. Single
stories emerge when only one narrative about a group of people
is widely shared and accepted. It then becomes assumed that
all members of said group shared the same experience, one that
aligns with the single story. Recently, this concept was extended
to stories of health experiences shared on social media [40]. An
anthropological study found that single stories of health
experiences (surrogacy, in this particular example) are
disseminated widely across social media platforms. Not only
do these single stories ignore variation in individual experiences
and personal SDoH, but they also tend to hold little truth at all.
Any deviation from the single story on social media, including
any disclosure of personal experiences, is discredited and
rejected, dehumanizing those who do so. Physicians must be
made aware of the homogeneity of information on social media
and how this may affect their patients’ perceptions of health
and health experiences. Further, patients using social media as
an online community wherein they may communicate with
others with similar health conditions must be empowered to tell
their own story while acknowledging that it may not align with
the stories of others. Subjective recounts of disease are not
necessarily misinforming so long as patients understand the
difference between individual perception and experience of
disease versus etiology and treatment of disease, the latter of
which necessitates a degree of prerequisite medical knowledge
that goes above and beyond digital literacy [44,45].

Using Social Media to Catalyze Positive
Changes in the Physician-Patient
Relationship

Although the positive role of social media as a mediator of
health is ample (ability to improve methods of direct and indirect
communication between physicians and patients, increase access
to health information, and foster a community support network),
it is also imperative to address and mitigate the negative aspects
of social media, such as security and privacy concerns. Work
must be done on the part of the physician and the patient to shift
the physician-patient relationship toward one that is inclusive
of the role that social media plays in health and that uses social
media as a tool to promote health and well-being.

During in-person consultations, physicians must be open to
discussing the roles of social media as a mediator of health. In
a recent interview, patients perceived health care workers to be
in “overt or tacit opposition” [6] to any mention by patients of
health information retrieved online. Such mentality reflects the
traditional physician-patient relationship where patients hold
little autonomy over their own medical journey [23]. Take, for
example, a scenario wherein a patient, Cindy, a 24-year-old
veterinary technician, discloses to her physician concerns around
the COVID-19 vaccines. Cindy is a first-generation immigrant
living in a multigenerational home and is worried that she may
become contagious with the virus immediately after
immunization, posing a health risk to her older adult

immunocompromised grandmother. If her grandmother were
to fall ill, Cindy fears that her family would not be able to afford
the necessary care. Therefore, Cindy feels it is best for her
family not to get the vaccine. For the physician to mitigate these
concerns, it is imperative that they attempt to discern from where
these anxieties originate. To write off Cindy’s beliefs simply
because they are biomedically unfounded and derived from
information sought on social media could be counterproductive
in protecting or improving her health.

Further, social media may be used as an indirect line of
communication between physicians and patients, if used as a
venue for health knowledge dissemination and translation for
the purpose of health promotion [46,47]. To elaborate,
physicians or health care experts may communicate with their
patients on social media via public posts about health-promoting
behaviors they recommend and providing them with trusted
links for further information. In addition, physicians may refer
their patients to patient-driven online advocacy groups such as
the Light Collective, a nonprofit organization that, among other
objectives, works to shine a light on privacy breaches and
so-called “bad data-sharing” [30]. This would aid in decreasing
misinformation and diversifying the pervasive single-story
narratives that encapsulate many health conditions. We
recognize that it is not only up to the physician to identify and
quell misinformation on social media; it is largely up to the
platform itself to create regulatory policies and practices—or
better yet, algorithms to identify problematic posts [48]—to
minimize false or misleading content and to ensure that it is not
being amplified in “recommended” or “suggested” content. In
the previously discussed scenario, it is possible that Cindy would
not have developed such concerns over the COVID-19 vaccines
had she viewed credible biomedical data, or conversely, had
she not viewed biomedically unfounded data, on social media.
This is especially likely if Cindy is passively consuming data
(ie, not actively seeking data).

A patient’s level of education and literacy as an SDoH impacts
their level of medical literacy [49], which is only as good as the
information they have acquired; it may be rendered obsolete if
the knowledge they have gained is inaccurate. Therefore,
patients should feel empowered to ask questions during their
in-person consult or through anonymous or confidential online
forums wherein knowledgeable health care practitioners provide
answers. Although it is important for physicians to provide
health care information to patients in terms that they are able
to understand, we posit that it may also be beneficial to provide
patients with a list of the formal medical terms associated with
their condition. This may improve the caliber of search results
they find online and reduce the likelihood of conflating different
conditions or symptoms based on the colloquial descriptions
given to them by their health care provider. Finally, patients
should be encouraged to approach social media platforms in
the context of health with curiosity and skepticism, embracing
the community and solidarity aspects they may provide to those
facing similar health problems while ensuring that objective
medical data are not trusted until substantiated by scholarly
sources or health care practitioners. For Cindy, a list of search
terms will allow her to return home and actively seek reputable
information on the COVID-19 vaccines. On the contrary, a lack
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of take-home information may result in Cindy searching what
she knows—“contagious after COVID-19 vaccine”—which
may elicit misguiding results that confirm her bias. A brief but
thorough discussion with her physician about the dangers of
passively consuming bad data on social media may also prevent
such encounters in the future.

Summary

In this paper, we reviewed the complex, multifaceted, and
dynamic intersections of social media and SDoH in the era of
precision medicine. We argued for its inclusion as part of routine

patient care and demonstrated the potential of social media to
be used as a positive mediator of health so long as its negative
mediation effects are minimized. Further, we discussed how
the physician-patient relationship must shift to accommodate
for the ever-increasing role of social media in health and best
use social media as a tool to improve health outcomes. These
intricacies warrant further research. However, to conceptualize
our study into a framework of understanding and development
in this area, we present Figure 1 that we believe captures the
potential challenges and areas of contention in bringing social
media into precision medicine.

Figure 1. A fluid and multicomponent diagram to assist in framing future research around social media and the transformation of the physician-patient
relationship.

1. The benefits of social media use in health care are listed in
the first ring surrounding social media. Social media can
act as a support network, promoting information-seeking
behaviors, allowing patients to determine their own
appropriate care, and enabling health information access,
all affected by and affecting the SDoH.

2. However, social media also brings challenges to promoting
health, as is illustrated in the second ring. Although privacy
and access to social media are common issues, the public
also faces the issue of veracity of information. Further,
patients face an information homogeneity problem in the
form of social media’s single story, which does not account
for diversity of experiences embodied by the SDoH.

3. Physicians and patients have different perceptions of how
social media may be used in relation to health care, largely
due to miscommunication. Although the public expects to
receive personalized health care, physicians deliver their
version of this as precision medicine. In addition, although
the public perceives societal issues as equity, diversity, and
inclusion challenges, physicians understand these issues as
they relate to health and categorize them as the SDoH. This
is not an issue of incongruity but one of language.

Communication barriers must be acknowledged to be
overcome.

4. Future research in this domain needs to recognize the
complex dynamics of how social media interacts with the
SDoH to develop solutions that can comprehensively
improve the delivery of health care in the future.

Conclusion

As the role of social media in health evolves, new directions of
research are needed to better understand the impacts of social
media on health and inform physicians on how it can be
integrated as part of patient care. Our discussion posits that
health and social media are intimately linked through the prism
of the SDoH and that this linkage is only amplifying over time.
We argue that it is thus ineffective and even counterproductive
for physicians to ignore this relationship and the impact it has
on designing the medical encounter and the delivery of care.
For physicians to deliver the highest standard of care under the
definition of precision medicine, the complex interaction
between social media and the SDoH and their impact on one
another must be taken into consideration.
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Abstract

Background: Current treatments for generalized anxiety disorder (GAD) often yield suboptimal outcomes, partly because of
insufficient targeting of underlying psychological mechanisms (eg, avoidance reinforcement learning). Mindfulness training (MT)
has shown efficacy for anxiety; yet, widespread adoption has been limited, partly because of the difficulty in scaling in-person–based
delivery. Digital therapeutics are emerging as potentially viable treatments; however, very few have been empirically validated.

Objective: The aim of this study is to test the efficacy and mechanism of an app-delivered MT that was designed to target a
potential mechanism of anxiety (reinforcement learning), based on which previous studies have shown concern regarding feedback
and the perpetuation of anxiety through negative reinforcement.

Methods: Individuals with GAD were recruited using social media advertisements and randomized during an in-person visit
to receive treatment as usual (n=33) or treatment as usual+app−delivered MT (Unwinding Anxiety; n=32). The latter was composed
of 30 modules to be completed over a 2-month period. Associated changes in outcomes were assessed using self-report
questionnaires 1 and 2 months after treatment initiation.

Results: We randomized 65 participants in this study, and a modified intent-to-treat approach was used for analysis. The median
number of modules completed by the MT group was 25.5 (IQR 17) out of 30; 46% (13/28) of the participants completed the
program. In addition, the MT group demonstrated a significant reduction in anxiety (GAD-7) compared with the control group
at 2 months (67% vs 14%; median change in GAD-7: –8.5 [IQR 6.5] vs –1.0 [IQR 5.0]; P<.001; 95% CI 6-10). Increases in
mindfulness at 1 month (nonreactivity subscale) mediated decreases in worry at 2 months (Penn State Worry Questionnaire;
P=.02) and decreases in worry at 1 month mediated reductions in anxiety at 2 months (P=.03).

Conclusions: To our knowledge, this is the first report on the efficacy and mechanism of an app-delivered MT for GAD. These
findings demonstrate the clinical efficacy of MT as a digital therapeutic for individuals with anxiety (number needed to treat=1.6).
These results also link recent advances in our mechanistic understanding of anxiety with treatment development, showing that
app-delivered MT targets key reinforcement learning pathways, resulting in tangible, clinically meaningful reductions in worry
and anxiety. Evidence-based, mechanistically targeted digital therapeutics have the potential to improve health at a population
level at a low cost.

Trial Registration: ClinicalTrials.gov NCT03683472; https://clinicaltrials.gov/ct2/show/NCT03683472

(J Med Internet Res 2021;23(12):e26987)   doi:10.2196/26987
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Introduction

Background
Anxiety disorders are the most common class of mental
illnesses, with a 31% lifetime prevalence [1]. This has already
increased during the COVID-19 pandemic [2-4]. For example,
in the United States, the Census Bureau reported that adults
were more than 3 times more likely to screen positive for an
anxiety disorder in 2020 than they were in 2019 (31% vs 8%),
and a cross-sectional survey of people in China in 2020 reported
the prevalence of generalized anxiety disorder (GAD) to be
35.1% [2]. A recent meta-analysis of 17 studies (N=62,000)
found an average prevalence of anxiety of 32% during
COVID-19 [5].

Treatment for Anxiety
However, anxiety, particularly GAD, is difficult to treat. Current
practice guidelines recommend pharmacological and
psychological interventions [6], but most patients favor
psychotherapy over medications [7]. Benzodiazepines have the
risk of tolerance and addiction; the United Kingdom National
Institute for Health and Care Excellence guidelines state that
benzodiazepines “should not be used routinely to treat anxiety
disorders” [6]. First-line treatment for anxiety, such as selective
serotonin reuptake inhibitors, can have limitations, including
delayed patient responses and adverse effects (eg,
gastrointestinal and sexual) [8,9]. The number needed to treat
(NNT) for selective serotonin reuptake inhibitors is 5.2; one
needs to treat >5 individuals to see a significant response in 1
individual [10].

Cognitive behavioral therapy (CBT), the most commonly used
and researched psychological intervention for anxiety, has been
associated with reduction in symptoms using measures such as
the Beck Anxiety Inventory (small to medium effect sizes), and
yet is typically delivered in-person [11]. Given the growing
need and shortage of trained therapists [12,13], new
mechanistically based treatments that can be delivered at scale
and a distance are needed for those unable to attend in person
because of barriers such as living in a resource-limited area or
unwillingness to go to a mental health clinic because of stigma.
In addition, treatments that target more recent mechanistic
underpinnings of anxiety are needed.

Psychological Mechanisms of Anxiety
From a theoretical standpoint, reinforcement learning
mechanisms have been suggested to drive anxiety disorders
[14,15]. Worry is widely regarded as the central defining feature
of GAD and has been shown to be triggered as an avoidance
reaction to emotional experiences [16], thus learned as “a
negatively reinforced avoidant behavior” [17]. Recent research
has linked reinforcement learning with biological mechanisms
and clinical symptoms [18]. Worry represents an attempt to
engage in mental problem solving on an issue with an uncertain
outcome [19]. Although worry is unpleasant, the immediate
emotions that are avoided by focusing on worry, such as fear,

are often perceived as more unpleasant [20,21]. Therefore,
aversive stimuli can trigger worry as an avoidant behavior,
which then becomes habitual [22]. Theoretically and
mechanistically, worry is learned and reinforced in a manner
similar to other types of operantly conditioned behaviors [14].
With cycles of reinforcement learning, when triggered by
feelings of anxiety, individuals with GAD learn a maladaptive
thinking style that uses worry as a focus on the future rather
than the present. As described by Borkovec et al [14,15], when
worry becomes habitual, its negative reinforcement pathway
can spiral out of control; when the negative emotional
experience of worry rises to the same level as unpleasant
emotional states that trigger it, it may become its own trigger
for more anxiety, which leads to more worry directly driving
anxiety habit loops (Gao et al, unpublished data, 2021).

In conventional frameworks, anxiety is conceptualized as an
overestimation of danger and an underestimation of one’s ability
to cope with it [23]. Cognitive therapies aim to interrupt the
cycle of worry by replacing maladaptive cognitions with more
constructive ones. For individuals who cycle into anxious worry
to a degree that impairs prefrontal cortical function and the
ability to use cognitive therapies [24], other strategies are
needed. New treatments such as mindfulness training (MT)
have shown promise in efficacy and cost, with effect sizes
rivaling current treatments [25]. Furthermore, cross-sectional
studies of nonclinical populations have suggested a mediating
role of worry in the effects of MT on anxiety [26].

Mindfulness
Mindfulness can be defined as the awareness that arises when
paying attention to the present moment on purpose and
nonjudgmentally [27]. The attitudinal quality of not judging
and allowing experience to unfold with curiosity targets
maladaptive reinforcement learning by helping individuals to
simply observe repetitive cycles of perseverative worry rather
than to habitually react and reinforce them [28]. MT has been
found to mechanistically break key links in the reinforcement
pathway for other habitual behaviors such as smoking and
emotional eating [29,30], with concomitant changes in related
brain regions predicting clinical outcomes [31]. Worry has been
shown to activate brain networks associated with self-referential
processing, such as the default-mode network, suggesting that
the more one is caught up in perseveration about uncertain
events, the more this network is activated [32,33]; meditation
has been shown to directly deactivate these brain regions [34],
and neurophenomenological studies suggest that this may be
because of the ability to observe thoughts and emotions rather
than being caught up in them [35-37]. Specific to GAD, MT
has been associated with changes in the fronto-limbic brain
regions involved in emotion regulation with simultaneous
improvements in reported symptoms [38].

App-Delivered MT
Regarding treatment delivery, mindfulness-based interventions,
such as mindfulness-based stress reduction, are generally
delivered in a group format. However, concerns remain
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regarding the scalability of in-person–delivered treatment [39].
Digital therapeutics (ie, app-delivered interventions) have
garnered much attention as a new modality that can deliver
high-fidelity treatment at scale and low cost. However,
empirically tested apps are not widely used, and widely used
apps do not have an evidence base (<0.05%)—a clear “digital
research practice gap” [40]. To date, only 1 study has reported
the clinical efficacy of a digital therapeutic specifically for
people diagnosed with GAD (showing that CBT may be
effective when delivered in this format) [41].

To address the digital research practice gap, we designed an
app-delivered digital therapeutic program for anxiety that
mechanistically targets reinforcement learning using MT to help
individuals identify habitual worry thinking patterns and learn
not to habitually react to unpleasant emotions (ie, break the
worry cycle). In a single-arm study of anxious physicians, we
found preliminary evidence for its utility in reducing anxiety
(57% reduction in GAD-7 scores after 3 months) [42]. However,
randomized controlled studies are required to determine the
efficacy and mechanisms of action. We tested the following
hypotheses in a randomized controlled trial of individuals with
GAD: (1) app-delivered MT would show superior efficacy in

reducing anxiety and worry than standard treatment; (2)
increases in nonreactivity would mediate reductions in worry;
and (3) reductions in worry would mediate reductions in anxiety.

Methods

Study Overview and Participants
We used a parallel-group randomized controlled trial design
with analyses and outcome measures preregistered at
ClinicalTrials.gov. Individuals were recruited using Facebook
advertisements and screened for eligibility via a phone call by
the project director (AR). Textbox 1 details the inclusion and
exclusion criteria. These criteria were chosen to mimic, as
closely as possible, real-world clinical situations while
minimizing potential confounders (eg, a recent change in
medication dose may mask treatment effects). Eligible
participants attended an in-person research visit at Brown
University, where they underwent informed consent procedures
with the project director before enrolling in the study.
Participants were provided Amazon gift cards worth up to US
$80 to complete the questionnaires. This study was approved
by the Institutional Review Board of Brown University.

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Score ≥10 on the Generalized Anxiety Disorder (GAD) 7-item scale, which is suggestive of a diagnosis of GAD (sensitivity and specificity of
89% and 82%, respectively) [43]

• Owns a smartphone

• Willingness to receive check-in calls

• 18 years or older

Exclusion criteria

• Dose changes for any psychoactive medication in the last 2 months

• As-needed use of benzodiazepines or hypnotic sleep aids

• History of bipolar, schizophrenia, schizoaffective, or another psychotic disorder

• Significant medical condition that would impact the ability to complete study tasks

• Cohabitation with someone already enrolled in the study

• Previous use of other related apps

After enrolling participants in the study, the project director,
who had previously undergone training and was supervised by
a psychiatrist, conducted an in-person, abbreviated version of
the Mini-International Neuropsychiatric Interview to confirm
a diagnosis of GAD, along with the assessment of other potential
comorbid disorders, such as major depressive episode, panic
disorder, agoraphobia, social anxiety disorder, obsessive
compulsive disorder, and posttraumatic stress disorder [44].
Participants were then asked to complete a web-based
questionnaire via Qualtrics [45], which included demographic
and self-report items. Participants in both groups received
questionnaires via email 1 and 2 months after treatment
initiation. Upon completion of the final questionnaire, the
treatment as usual (TAU) group received instructions on how
to download and install the app.

Randomization and Blinding
After completing the baseline questionnaire, participants were
given a sealed, opaque envelope (prepared, reviewed, and sealed
by individuals independent of the study team) by the project
director that contained their group assignment:
TAU+app-delivered MT or TAU. The 1:1 randomization scheme
was generated by an independent statistician with variable block
sizes of 4 and 6. Team members who randomized the
participants and carried out the study procedures did not perform
the study analyses. The principal investigator and the statistician
who conducted the statistical analysis were blinded to the group
allocation until all analyses were complete.

Intervention
The app-delivered MT program, Unwinding Anxiety (version
2), is a Health Insurance Portability and Accountability Act
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compliant digital therapeutic that teaches individuals to
understand how anxious worry develops and perpetuates through
reinforcement learning and how to bring mindful awareness to
moments of stress and worry so that they can observe feelings
of anxiety rather than perpetuate reactive worry thinking. This
process helps individuals unlearn or extinguish worry at the
core mechanistic level. This experiential education is delivered
via a smartphone-based platform, which includes a progression
through >30 daily modules of brief didactic and
experience-based MT (videos and animations approximately
10 minutes per day; Multimedia Appendix 1), app-triggered

check-ins, user-initiated guided meditations (5-15 minutes), and
brief (30 seconds) on-demand mindfulness exercises to help
disrupt anxiety cycles in vivo (Textbox 2; Multimedia Appendix
2). The content for this intervention was developed based on a
combination of clinical experiences and previously developed,
in-person and app-delivered MT protocols for habit change that
have yielded clinically meaningful outcomes (eg, smoking and
overeating) [28-30,46-49]; an open-label pilot study of the app
demonstrated a 57% reduction in GAD-7 scores in anxious
physicians [42].

Textbox 2. Overview of Unwinding Anxiety themes and content.

Modules 1-7 (goals, curiosity, reinforcement learning, body scan, and self-monitoring)

• Set goals and introduce how habits are formed around worry (eg, reinforcement learning and distraction); introduce curiosity to foster the
nonjudgmental aspects of mindfulness and basic mindfulness practices, including the body scan; and unpack worry and fear both from a brain
and behavior perspective.

Modules 8-14 (noting practice; RAIN [recognize, accept, investigate, and note]; barriers to change; and reinforcement of concepts)

• Introduce how to mindfully work with worry cues and affective states using RAIN (recognize, accept, investigate, and note what emotions feel
like as they arise and pass away); build on basic mindfulness using noting practice (the N of RAIN) during everyday life; and introduce additional
animations to reinforce mindfulness concepts that show how we feed our anxiety by worry thinking and distraction.

Modules 15-21 (noting practice [continued from previous modules]; RAIN [continued from previous modules]; thinking versus knowing; and
unresistance)

• Reinforce noting practice and continue to train and support self-kindness; specifically address the difference between trying to think our way out
of uncertainty (or anxiety) and resting in a kind, curious awareness of it; and focus on not resisting experience and not getting tripped up by worry
thinking.

Modules 22-30 (noting practice [continued from previous modules]; RAIN [continued from previous modules]; and working with uncertainty
and change)

• Help individuals reflect on their own evidence base for working with worry to solidify their shift from reactivity to mindfully being with emotions
as a new habit.

Modules 30 and onward (reinforcing concepts via theme weeks and individual customization via personal week)

• >8 themed weeks and unlimited personalization of content by picking modules to develop a custom week for review.

Intervention Orientation and Engagement
Individuals randomized to TAU+app-delivered MT were
assisted with the installation of the app on their smartphone and
the reviewing of the features. They were instructed to complete
1 module per day over the subsequent 30 days at a time of their
choice. In addition, the intervention would check in with them
3 times throughout the day (this could be modified by the user)
and offer brief mindfulness exercises. Participants were
encouraged to use other app features but were informed that
this was not a requirement for the study. The project director
sent check-in messages on days 3, 7, 14, and 21 from treatment
initiation to help mitigate technical difficulties and encourage
engagement. Specifically, participants were asked “how things
were going with the app since the last time they received a
check-in.” If the participant expressed difficulties, efforts were
made to resolve the problem.

TAU Condition
As part of TAU, participants were asked to continue the standard
care set forward by their clinician or clinicians. This could

include pharmacological treatment or psychotherapy.
Participants were also provided with a list of local resources.

Outcome Measures
The primary outcomes were changes in anxiety, as measured
by the GAD-7, and emotional reactivity at 2 months after
treatment initiation. Secondary outcomes included changes in
worry, as measured by the Penn State Worry Questionnaire
(PSWQ) and interoceptive awareness.

GAD 7-Item
GAD-7 is a validated 7-item questionnaire used clinically to
screen for probable diagnosis of GAD (sensitivity of 89% and
specificity of 82%; high internal consistency, with Cronbach
α=.92) and track symptom severity [43]. Individuals are asked,
“in the last week, how often have you been bothered by the
following problems” with prompts such as feeling nervous,
anxious, or on edge and trouble relaxing [50]. The scale ranges
from 0 (not at all sure) to 3 (nearly every day), with scores
ranging from 0 to 21 [50]. Total scores of 5, 10, and 15 serve
as cut-off points for mild, moderate, and severe anxiety,
respectively; therefore, remission is a score of ≤4 [50]. The
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minimal clinically important difference for GAD-7 was 3.8; the
clinically relevant change was ≥4 points [51]. GAD-7, which
is highly correlated with the Hamilton Anxiety Scale (r=0.852),
was used based on its real-world utility, as it is the most
commonly employed tool in primary care and other outpatient
settings and has been incorporated into most large-scale
electronic medical record systems [52].

Five Facet Mindfulness Questionnaire Nonreactivity
Subscale
The nonreactivity subscale is composed of 7 questions from the
39-item Five Facet Mindfulness Questionnaire (FFMQ) with
acceptable internal consistency (Cronbach α=.75) [53]. It is
validated for use independently and assesses nonreactivity to
inner experience [54]. Individuals are asked questions about
what is generally true for them on a scale from 1 (never or very
rarely true) to 5 (very often or always true) [53]. Examples
include “I perceive my feelings and emotions without having
to react to them” and “When I have distressing thoughts, I feel
calm soon after” [53]. Scores range from 7 to 35, with higher
scores indicating an increase in nonreactivity.

Penn State Worry Questionnaire
The PSWQ is a validated 16-item questionnaire with high
internal consistency (Cronbach α=.93) used to assess worry
[55]. Individuals are asked to rate statements on a scale ranging
from 1 (not at all typical of me) to 5 (very typical of me) [55].
Example items include “My worries overwhelm me” and “When
I am under pressure I worry a lot” [55]. Scores range from 16
to 80, with higher scores indicating a higher degree of worry.

Multidimensional Assessment of Interoceptive Awareness
The Multidimensional Assessment of Interoceptive Awareness
(MAIA) is a 32-item questionnaire that assesses 8 domains of
interoceptive awareness: noticing, not distracting, not worrying,
attention regulation, emotional awareness, self-regulation, body
listening, and trusting (Cronbach α=.66-.87) [56]. On a scale
of 0 (never) to 5 (always), individuals are asked how often each
statement applies to them generally in daily life [56]. Statements
include “I distract myself from sensations of discomfort” and
“I trust my body sensations” [56]. Scores range from 0 to 160,
with higher scores indicating greater interoceptive awareness.

Safety and Adverse Events
Monitoring of safety occurred continuously during the study,
and if an adverse event was reported, follow-up was conducted
via phone by the project director using National Institute of
Mental Health reportable events templates [57]. A final check
was conducted by the project director at the conclusion of the
study to assess adverse events potentially related to the
intervention. If an event was reported, the same process was
followed.

Sample Size
As there are no prior studies using the intervention, the target
sample size of 65 was determined using pilot data. A pilot study
of individuals with GAD-7 scores >9 (n=17) demonstrated a
39% reduction in the scores after completing 21 modules.
Assuming a 10% reduction in the TAU group, a 1-tailed t test
determined that a sample size of 52 would have 80% power
with 1-sided 5% type I error to detect a statistically significant
between-group difference in GAD-7 scores (Cohen d=0.7). We
recruited 65 individuals to account for 25% attrition.

Statistical Analysis
Analyses were conducted using R (version 3.4.1), and a
modified intent-to-treat approach was employed. This was
defined as all participants who downloaded the app and
completed all study assessments, regardless of treatment
completion. A robust, mixed analysis of variance (ANOVA)
was used to evaluate the primary outcomes, changes in anxiety,
and emotional reactivity 2 months after treatment initiation in
the TAU+app-delivered MT group relative to those in the TAU
group. This and other robust statistical tests were chosen to
avoid violating underlying model assumptions, such as
normality. Because of the use of these nonparametric tests, the
median and IQR were calculated. Post hoc comparisons of single
effects were performed using the WRS2 package in R. In
addition, Mann-Whitney U tests were performed, and the
Hodges-Lehmann estimate of location shift was used to calculate
the difference between groups at each time point [58].
Bonferroni correction was used to adjust for multiple
comparisons. Effect sizes (r) were calculated by dividing the z
score by the square root of the sample size using the Cohen
criteria for r, where 0.1 is small, 0.3 is medium, and 0.5 is large
[59].

We then conducted exploratory mediation analyses to evaluate
(1) model A, whether increased nonreactivity mediated the
relationship between MT and reduced worry, and (2) model B,
whether reduced worry mediated the relationship between MT
and reduced anxiety. To reduce the impact of the unit on the
comparison of direct and indirect effects, the variables were
standardized to have 0 means and unit SD. To have causal
interpretations, the mediation models were built on the
longitudinal [60]: In model A, MT was the independent variable,
worry was the dependent variable, and nonreactivity was the
mediating variable (Figure 1); in model B, MT was the
independent variable, anxiety was dependent variable, and worry
was the mediating variable (Figure 1). We calculated the direct
and indirect effects, for which the SEs and 95% CI were
computed using the bootstrap method with 1000 bootstrapped
resamples [61].

J Med Internet Res 2021 | vol. 23 | iss. 12 | e26987 | p.321https://www.jmir.org/2021/12/e26987
(page number not for citation purposes)

Roy et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. (A) Path model for longitudinal causal mediation evaluating if increases in nonreactivity mediate the relationship between MT and reduction
in worry. (B) Path model for longitudinal causal mediation evaluating if reduction in worry mediates the relationship between MT and reduction in
anxiety. MT: mindfulness training.

The median and IQR were calculated to evaluate the engagement
or the total number of modules completed. To explore the impact
of anxiety on engagement at 2 months after treatment initiation,
a robust regression model based on an M-estimator, which uses
iteratively reweighted least squares estimation, was fitted, with
the anxiety score as the independent variable and the total
number of modules completed as the dependent variable.

Number Needed to Treat
The NNT, defined as the total number of individuals who need
to receive treatment to prevent 1 adverse event, is a standard
epidemiological measure used to communicate the effectiveness
of a health care intervention [62]. The inverse of the absolute
risk reduction was calculated by subtracting the total percentage
of individuals who achieved remission (GAD-7 score ≤5,
minimal anxiety) in the TAU group from the total percentage
of those in the TAU+app-delivered MT group.

Reliable Change Index
Unlike statistical significance, clinical significance has
traditionally lacked a consistent definition [63]. To address this
need, a reliable change index (RCI) was created to evaluate the
reliability of clinically significant changes [63]. We used the
method developed by Jacobson and Truax to calculate the RCI

for changes in anxiety scores [64]. If the RCI exceeded the
z-scored level of significance from –1.96 to +1.96 (P<.05), we
evaluated the percentage of participants with clinically
significant change who met or exceeded it at 1 and 2 months
after treatment initiation [63].

Risk of Bias
Six areas of potential bias across 7 domains were assessed using
the Cochrane Collaboration tool for evaluating the risk of bias
[65].

Results

Participants
We recruited 65 participants, obtained their consent to
participate, and randomized them between May 2019 and
October 2019. Baseline demographic characteristics are reported
in Table 1. Of the 65 participants, 61 completed the study and
were included in the modified intent-to-treat analysis (Figure
2). Before treatment initiation, 30% (19/63), 25% (16/63), and
32% (20/63) of participants reported comorbid anxiety,
depression, and anxiety and depressive disorders, respectively
(Table 1).
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Table 1. Baseline demographic characteristics (N=63).

TAU participants (n=33)TAUa+app-delivered MTb partici-
pants (n=30)

Characteristics

41 (16)43 (15)Age (years), mean (SD)

Sex, n (%)

3 (9)2 (7)Male

29 (88)28 (93)Female

1 (3)0 (0)Other

Highest level of education completed, n (%)

1 (3)0 (0)High school graduate or equivalent (eg, GEDc)

5 (15)7 (23)Some college or technical school

3 (9)2 (7)Associate degree

16 (49)7 (23)Bachelor’s degree

8 (24)13 (43)Master’s degree

0 (0)1 (3)Doctorate

Work status, n (%)

15 (46)17 (57)Full-time

9 (27)3 (10)Part-time

2 (6)1 (3)Unemployed for <1 month

3 (9)3 (10)Unemployed for >1 month

1 (3)0 (0)Never employed

3 (9)6 (20)Not in labor force

Marital status, n (%)

13 (39)9 (30)Never married

18 (54)16 (53)Married or cohabiting

2 (6)4 (13)Separated or divorced

0 (0)1 (3)Widowed

Race and ethnicity, n (%)

28 (85)27 (90)White

1 (3)1 (3)Black

1 (3)0 (0)Asian

0 (0)1 (3)White, American Indian, or Alaskan native

2 (6)0 (0)White and Black

1 (3)1 (3)Hispanic, White, American Indian, or Alaskan native

Comorbid conditions, n (%)

9 (27)10 (33)Anxiety disorder or disorders

6 (18)10 (33)Depressive disorder or disorders

13 (39)7 (23)Anxiety and depressive disorder or disorders

5 (15)3 (10)None

Concomitant medications, n (%)

3 (9)6 (20)Selective serotonin reuptake inhibitors

3 (9)3 (3)SNRIsd

6 (18)2 (7)Other

5 (15)2 (7)>1 medication
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TAU participants (n=33)TAUa+app-delivered MTb partici-
pants (n=30)

Characteristics

17 (52)17 (57)None

aTAU: treatment as usual.
bMT: mindfulness training.
cGED: general educational development.
dSNRIs: serotonin and norepinephrine reuptake inhibitors.

Figure 2. Participant flow diagram. MT: mindfulness training; TAU: treatment as usual.

Safety
There were no adverse events in the TAU group and 11% (3/28)
of adverse events in the TAU+app-delivered MT group (2/3,
66% anxiety and 1/3, 33% back pain).

Changes in Outcome Measures

Effects of Intervention on Anxiety (GAD-7)
Baseline GAD-7 scores indicated moderate (36/63, 57%) to
severe (24/63, 38%) anxiety in individuals with GAD
(TAU+app-delivered MT: median 12, IQR 8; TAU: median 13,

IQR 7). To examine the effect of MT on reduction in anxiety,
we fitted a robust mixed ANOVA with group as the
between-subjects factor, time as the within-subjects factor, and
GAD-7 score as the dependent variable. We found a main effect
of group (F1,39.99=22.54; P<.001) and time (F2,33.49=29.98;
P<.001), with a significant group×time interaction
(F2,33.49=11.19; P<.001). At 1 month after treatment initiation,
there was a significant difference between groups (P<.001;
r=0.59) and the Hodges-Lehmann estimate, the nonparametric
estimate of population change, was 5 (95% CI 4-7). The
TAU+app-delivered MT group reported a median reduction in

J Med Internet Res 2021 | vol. 23 | iss. 12 | e26987 | p.324https://www.jmir.org/2021/12/e26987
(page number not for citation purposes)

Roy et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


anxiety scores of 5 (IQR 7.3; P<.001; r=0.89) compared with
no change in the TAU group. At 1 month, the calculated RCI
for the TAU+app-delivered MT group was –4.6 and a reliable
change was seen in 64% (18/28) of the participants, while the
calculated RCI for TAU was 0. A significant between-group
difference (P<.001; r=0.68) was maintained at 2 months, and
the Hodges-Lehmann estimate was 6 (95% CI 5-8; Figure 3);
the TAU+app-delivered MT group reported a median reduction

in anxiety scores of 8.5 (IQR 6.5; P<.001; r=0.96), while the
TAU group reported a median reduction of 1 (IQR 5; P=.01;
r=0.37), representing a 67% versus a 14% reduction. The RCI
was –7.9 for the TAU+app-delivered MT group and reliable
change was seen in 54% (15/28) of the participants. The RCI
was –0.9 for the TAU group. See Table 2 for medians and IQRs,
in addition to the means and SDs.

Figure 3. (A) Change in GAD-7 scores. (B) Change in nonreactivity scores. (C) Change in PSWQ scores. (D) Change in MAIA scores. GAD-7:
Generalized Anxiety Disorder 7-item; MAIA: Multidimensional Assessment of Interoceptive Awareness; PSWQ: Penn State Worry Questionnaire.
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Table 2. Group-wise results for General Anxiety Disorder 7-item, nonreactivity subscale, Penn State Worry Questionnaire, and Multidimensional
Assessment of Interoceptive Awareness (N=61).

Effect sizes
(r)

P valuecTAU participants (n=33)TAUa+app-delivered MTb participants
(n=28)

Timepoints

Values, mean (SD)Values, median (IQR)Values, mean (SD)Values, median (IQR)

Generalized Anxiety Disorder-7

0>.9912.6 (4.3)13.0 (7.0)12.9 (4.8)12.0 (8.0)Baseline

0.59<.00112.0 (3.7)11.0 (5.0)7.0 (4.1)6.0 (4.3)1 month

0.68<.00110.6 (3.5)10.0 (5.0)4.8 (4.1)3.0 (4.3)2 months

0.53<.001–0.6 (3)0.0 (0)–5.9 (–41)–5.0 (–49)Δd at 1 month (%)

0.55<.001–2.0 (–10)–1.0 (–14)–8.1 (–60)–8.5 (–67)Δ at 2 months (%)

Nonreactivity

0>.9914.5 (4.5)15.0 (7.0)15.4 (4.3)15.0 (4.3)Baseline

0.53<.00115.0 (4.0)15.0 (5.0)20.0 (4.3)20.0 (3.3)1 month

0.67<.00115.6 (3.4)16.0 (5.0)22.5 (4.8)23.0 (4.3)2 months

0.48<.0010.4 (7)0.0 (0)4.6 (35)5.0 (36)Δ at 1 month (%)

0.57<.0011.1 (15)1.0 (8)7.1 (52)7.5 (51)Δ at 2 months (%)

Penn State Worry Questionnaire

0.14.2667.8 (8.0)70.0 (9.0)65.4 (7.0)66.0 (6.5)Baseline

0.33<.00165.5 (8.7)66.0 (10.0)57.8 (11.2)60.0 (14.3)1 month

0.55<.00163.8 (7.9)64.0 (11.0)49.9 (11.5)49.0 (11.3)2 months

0.34.02–2.3 (–3)–3.0 (–4)–7.6 (–12)–7.5 (–11)Δ at 1 month (%)

0.56<.001–4.0 (–6)–3.0 (–5)–15.5 (–23)–15.0 (–23)Δ at 2 months (%)

Multidimensional Assessment of Interoceptive Awareness

0>.9975.4 (26.0)78.0 (36.0)80.9 (23.2)81.0 (36.5)Baseline

0.67<.00169.6 (21.2)67.0 (27.0)103.1 (21.9)103.0 (29.3)1 month

0.87<.00174.3 (23.4)79.0 (35.0)112.2 (22.8)109.5 (24.0)2 months

0.60<.001–5.8 (–4)0.0 (0)22.2 (39)22.0 (25)Δ at 1 month (%)

0.85<.001–1.1 (1)–2.0 (–2)31.3 (53)26.0 (29)Δ at 2 months (%)

aTAU: treatment as usual.
bMT: mindfulness training.
cAdjusted P values represent between-group comparisons.
dΔ: change between baseline and posttreatment.

Effects of Intervention on Nonreactivity (FFMQ
Subscale)
To examine changes in nonreactivity, we performed a robust
mixed ANOVA with group as the between-subjects factor, time
as the within-subjects factor, and nonreactivity score as the
dependent variable. This demonstrated a main effect of group
(F1,39.38=34.06; P<.001) and time (F2,28.75=24.77; P<.001), with
a significant group×time interaction (F2,28.75=23.23; P<.001).
At 1 month after treatment initiation, there was a significant
difference between the groups (P<.001; r=0.53) and the
Hodges-Lehmann estimate was –5 (95% CI –7 to –3). The
TAU+app-delivered MT group reported a median increase of
5 (IQR 6.3) in nonreactivity scores (P<.001; r=0.95), whereas
participants in the TAU group reported no change (Figure 3).

A significant between-group difference (P<.001; r=0.67) was
maintained at 2 months, and the Hodges-Lehmann estimate was
–7 (95% CI –9 to –5); the TAU+app-delivered MT group
reported a median increase of 7.5 (IQR 6) in nonreactivity scores
(P<.001; r=0.95), while a median increase of 1 (IQR 6; P=.43,
r=0.14) was seen in the TAU group.

Effects of Intervention on Worry (PSWQ)
To examine the effects of MT on worry, we ran a robust mixed
ANOVA with group as the between-subjects factor, time as the
within-subjects factor, and PSWQ score as the dependent
variable. This revealed a main effect of group (F1,37.85=19.66;
P<.001) and time (F2,27.12=34.78; P<.001), with a significant
group×time interaction (F2,27.12=10.30; P<.001). Participants
in the TAU+app-delivered MT group reported a median
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reduction in worry scores of 7.5 (IQR 8.5) at 1 month (P<.001;
r=0.67; Figure 3), whereas the TAU group reported a median
reduction of 3 (IQR 4; P=.01; r=0.44). There was a significant
between-group difference (P<.001; r=0.55) at 2 months after
treatment initiation, and the Hodges-Lehmann estimate was 14
(95% CI 9 to 19); the TAU+app-delivered MT group reported
a median reduction in worry scores of 15 (IQR 14.3; P<.001;
r=0.88) compared with a median reduction of 3 (IQR 6) reported
by the TAU group (P<.001; r=0.61).

Effects of Intervention on Interoceptive Awareness
(MAIA)
To examine changes in interoceptive awareness, we fitted a
robust mixed ANOVA with group as the between-subjects
factor, time as the within-subjects factor, and MAIA score as
the dependent variable. We found a main effect of group
(F1,39.19=22.53; P<.001) and time (F2,29.93=10.79; P<.001), with
a significant group×time interaction (F2,29.93=12.45; P<.001).
At 1 month after treatment initiation, participants in the
TAU+app-delivered MT group reported a median increase of
22 (IQR 30) in interoceptive awareness scores (P<.001; r=0.72),
whereas the TAU group reported no change (median 0, IQR
18) in interoceptive awareness scores (P=.71; r=0.07; Figure
3). At 2 months, there was a significant between-group
difference (P<.001; r=0.87), and the Hodges-Lehmann estimate
was –13 (95% CI –15 to –10); the TAU+app-delivered MT
group reported a median increase of 26 (IQR 28.5) in
interoceptive awareness scores (P<.001; r=0.85), whereas the
TAU group reported a median reduction of 2 (IQR 12; P>.99;
r=0).

Mediation Analysis
Model A (Figure 4) shows the direct effect of MT on the
reduction in worry and its indirect effect through nonreactivity.
Reduction in worry and an increase in nonreactivity were
defined as change in the PSWQ at 1 month and change in the
nonreactivity scale from the FFMQ at 2 months after treatment
initiation. Mediation analysis indicated that MT was related to
a significant reduction in worry at 2 months with a direct effect
of β=–.56 (SE=0.25; P=.03). MT also significantly increased
nonreactivity (β=.84; SE=0.21; P<.001), which was significantly
related to reduction in worry at 2 months (β=–.34; SE=0.14;
P=.01). This implies that the relationship between MT and
reduction in worry was partially mediated by an increase in
nonreactivity (βindirect effect=.84×–.34=–.29; 95% CI –0.68 to
–0.04; P=.02). The total effect of MT on reduction in worry at
2 months was estimated to be β=–.85 (SE=0.23; P<.001). No
effects were observed in the control group.

Model B (Figure 4) shows the relationship between MT and
reduction in anxiety with a direct effect and an indirect effect
mediated by a reduction in worry. These indicate that MT also
had a significant impact on reduction in anxiety at 2 months,
with a total effect of β=–1.28 (SE=0.26; P<.001). The direct
effect of MT was estimated to be β=–1.09 (SE=0.25; P<.001).
MT was related to significant reductions in worry at 1 month
(β=–.41; SE=0.20; P=.04), whereas the latter was significantly
related to reductions in anxiety at 2 months (β=.48; SE=0.16;
P=.004). Thus, reductions in worry partially mediated the
relationship between MT and reduction in anxiety (βindirect

effect=–.41×.48=–.19; 95% CI –0.40 to –0.02; P=.03). No effect
was observed in the control group.

Figure 4. (A) Longitudinal causal mediation model with standardized regression coefficients illustrates how an increase in nonreactivity mediates the
effects of mindfulness training on reduction in worry. (B) Longitudinal causal mediation model with standardized regression coefficients illustrates
how a reduction in worry mediates the effects of mindfulness training on reduction in anxiety. *P<.05; **P<.01; ***P<.001.

Engagement
To evaluate program engagement, we calculated the median
and IQR. At 1 month, the median number of modules completed
was 18 (IQR 16.3). At 2 months, it was 25.5 (IQR 17), and 46%
(13/28) participants completed the program. To explore the
association between anxiety and module completion, we fitted
a robust regression model and found that for each additional
completed module demonstrating further progression through
intervention, anxiety scores decreased by 1.37 (β=–1.37;

SE=0.23; P<.001). The adjusted R2 value for this model was
0.25.

Number Needed to Treat
At 2 months after treatment initiation, we found an NNT of 1.6:
64% (18/28) of the participants achieved remission in the
TAU+app-delivered MT group compared with 3% (1/33) in the
TAU group.

Risk of Bias
Using the Cochrane Collaboration criteria for evaluating bias
[65], we found a low risk of bias in 6 of 7 categories, including
random sequence generation, allocation concealment, blinding
of outcome assessment, incomplete outcome data, selective
reporting, and other bias. Blinding of participants and personnel
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was deemed to have a medium risk of bias because the project
director and participants were unblinded to group allocation.

Discussion

Principal Findings
Anxiety is a debilitating and difficult-to-treat condition that
affects hundreds of millions of people worldwide. Using a
theory-based approach (targeting reinforcement learning), we
developed a digital therapeutic that demonstrated a significant
and clinically meaningful reduction in anxiety in individuals
with GAD (NNT=1.6) [66]. This was confirmed by our finding
that anxiety decreased with further progression through the
program through the completion of more modules. Furthermore,
we determined a potential mechanism underlying its effect:
increases in mindfulness mediated decreases in worry and
decreases in worry mediated reductions in anxiety. These effects
were specific to the MT intervention. The mediation effect was
significantly higher at 2 months (45%) than at 1 month (15%),
which is consistent with participants having more exposure to
the treatment (ie, a dose effect), a sleeper effect [67-69], or a
combination of the two. These results are in direct alignment
with the theoretical underpinnings that anxiety can be
perpetuated through negative reinforcement—worry can feed
back and perpetuate anxiety by introducing the reward of feeling
more in control or temporarily distracting an individual from
the aversive feelings of anxiety [14,15,21,42,70].

Treatment for Anxiety
Anxiety treatment has largely relied on antidepressant
medications and psychotherapy (eg, CBT). These have yielded
medium effect sizes for anxiety [9]. RCI is increasingly being
used in treatment studies to assess whether changes are clinically
significant [63]. A longitudinal study of low-intensity CBT
using an RCI of ≤5 demonstrated a reliable change in 43.8%
(181/439) of the participants [71]; our study found that 64%
(18/28) and 54% (15/28) of the participants demonstrated
reliable change at 1- and 2-months posttreatment using RCIs
of 4.6% and 7.9%, respectively. For GAD, the NNT with
antidepressants was 5.15. In this study, we found that
specifically targeting a mechanistic pathway yielded large effect
sizes with an NNT of 1.6. A previous single-arm pilot study in
physicians with comparable levels of anxiety (median baseline
GAD-7 score of 11.5) showed a similar magnitude of reduction
in anxiety (57% reduction at 3 months) using the same
app-delivered MT program [42]. This randomized controlled
trial extends previous results and broadens these findings beyond
anxious physicians to individuals with moderate to severe
anxiety.

The Psychological Mechanisms of Anxiety
Potential mechanisms underlying anxiety have been
hypothesized for over a century; yet, refinement in recent
decades has opened the door for specific hypothesis testing
[14,15]. For example, Mkrtchian et al [18] recently demonstrated
avoidance as a part of reinforcement learning pathways in
individuals with anxiety disorders. Our findings provide an
important extension of these results by showing that targeting
worry and avoidance yields clinically meaningful reductions in

anxiety. These results and the finding that individuals reported
increases in interoceptive awareness (measured by the MAIA)
are in line with broader theoretical mindfulness frameworks
that suggest that MT helps individuals learn to become more
aware of and observe unpleasant emotions with awareness
imbued with curiosity [72].

App-Delivered MT Targets Worry
MT may promote decentering, defined as a “metacognitive
capacity to observe items that arise in the mind as mere
psychological events” [73]. Decentering may help individuals
disengage from perseverative worry habit loops that are
perpetuated through reinforcement learning [46-48,74]. Our
findings show that increases in mindfulness directly mediate
the effects of app-delivered MT on reductions in worry. This
may be the case possibly because of helping individuals step
out of perseverative worry habit loops that are at the core of
GAD and, in doing so, reduce their reinforcement. Furthermore,
our results show that reductions in worry mediate the effects of
MT on reductions in anxiety.

Practical Implications
The high prevalence of anxiety “vastly exceeds the capacities
of mental health services,” and this gap has only increased over
the past several years [75]. App-based digital therapeutics offer
a viable and practical route toward augmenting traditional
mental health care and, in some cases, serve as a first-line
treatment [76]. For example, if a patient in a primary care clinic
screens positive for anxiety, an evidence-based digital
therapeutic such as the one described in this study can be offered
as an augmentation to standard medication treatment, or in some
cases, it can be offered if a trial of medications has yielded
suboptimal results or if a patient is not interested or willing to
try a medication as an alternative. In addition, for individuals
who are concerned about the confidentiality of mental health
care (eg, feeling the need to ask a boss for regular time off for
therapy visits), Health Insurance Portability and Accountability
Act compliant digital therapeutics can offer discretion, privacy,
and convenience. As integrative care models (eg, embedding
psychiatric or psychological services within primary care clinics)
gain momentum, one of the primary limitations is the cost and
availability of trained therapists. However, because 85% of the
US population has a smartphone, digital therapeutics may be
able to serve as the mobile component of an integrative care
clinic at a low cost, filling in for the lack of physical space and
trained mental health clinicians [76]. In addition, in corporate
settings where employers are increasingly aiming to meet the
mental health needs of employees, it may be possible to quickly
and confidentially deploy evidence-based digital therapeutics
to help employees with mild or moderate anxiety. For employees
with severe anxiety, who may have to wait several months to
see their doctor or to obtain a mental health referral, a digital
therapeutic may serve as a bridge to therapy or even a first-line
treatment.

TAU Condition
We chose the GAD-7 as an outcome measure because it is
widely used in clinical practice, yielding results that are
interpretable in nonresearch settings. We chose TAU because
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clinicians deliver standard treatment, such as prescribing a
medication, and bolster these with an additional medication or
recommendation for psychotherapy if a patient does not achieve
a reduction in symptoms (ie, the TAU+X add on model).
Although far from perfect as a control condition, TAU is
standardly used in pragmatic clinical trials for these and other
reasons [77,78].

Although the TAU group showed a significant decrease in
anxiety symptoms (14%), there may be several reasons why
TAU failed to show a greater reduction in symptomatology or
achieve remission (3% vs 64%). These include a higher NNT
for current medications and current models in which medical
practices are designed more as a sick care model, in which acute,
physically based issues are prioritized over mental health despite
clear advantages of integrating mental health care into primary
care settings [79,80]. This study demonstrated a clear
proof-of-concept trial of a mindfulness-based digital therapeutic
to deliver specific theory-driven and mechanistically based
treatment in a clinically relevant setting. Furthermore, we aimed
to recruit a real-world population by minimizing the exclusion
criteria, such as comorbid disorders. In this study, most of the
individuals (84%) presented with comorbid disorders, such as
depression, which is consistent with how individuals present in
primary care settings and to treatment specialists.

Limitations
This study has several strengths and notable findings, including
designing for real-world applicability (eg, including individuals
with comorbid disorders and concomitant medication treatment),
accounting for engagement, assuring adequate sample sizes,
registering outcomes, and minimizing the risk of bias. However,
this study has some limitations. The TAU+ model was chosen
to closely match the treatment a patient would encounter in a

clinical setting. Whereas standard clinical care is highly variable,
the study was designed such that randomization would ensure
that this variability was equally distributed between the groups.
Future studies using an active comparator (eg, CBT-based app)
to control for attentional effects, longer follow-up periods, and
incorporating multiple sites are needed to confirm the efficacy
of this program. Second, this study sample comprised 90%
(57/63) women. Although future sex-balanced studies are needed
to determine the generalizability of these findings, women are
twice as likely to develop an anxiety disorder and have a higher
lifetime prevalence of GAD (7.1% vs 4.2%) than men [81,82].
Third, this study was designed to evaluate anxiety symptoms
at 2 months after treatment initiation. Long-term follow-up
studies are necessary to establish the long-term effects.
Furthermore, although this study identifies potential
psychological mechanisms of app-delivered MT, such as
increased mindfulness mediating decreases in worry and anxiety,
future studies are needed to explore its neurobiological
mechanisms. In addition, studies performed in research
laboratory settings (eg, National Institutes of Health stages I
and II) may select more motivated individuals in general.
Although randomization controls for between-group differences,
real-world efficacy (National Institutes of Health stage III) is
needed as the next step to determine efficacy in clinical settings.

Conclusions
In summary, for a large portion of the world’s population that
is affected by moderate to severe anxiety, targeted and
mechanistically based treatments are needed. By combining
theory and a new field of treatment delivery (digital
therapeutics), we found that app-delivered MT significantly
reduced anxiety, and its effects were mediated by increases in
psychological nonreactivity and reductions in worry, suggesting
a specific targeting of reinforcement learning.
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Abstract

Background: Many weight loss programs show short-term effectiveness, but subsequent weight loss maintenance is difficult
to achieve. Digital technologies offer a promising means of delivering behavior change approaches at low costs and on a wide
scale. The Navigating to a Healthy Weight (NoHoW) project, which was funded by the European Union’s Horizon 2020 research
and innovation program, aimed to develop, test, and evaluate a digital toolkit designed to promote successful long-term weight
management. The toolkit was tested in an 18-month, large-scale, international, 2×2 factorial (motivation and self-regulation vs
emotion regulation) randomized controlled trial that was conducted on adults with overweight or obesity who lost ≥5% of their
body weight in the preceding 12 months before enrollment into the intervention.

Objective: This paper aims to describe the development of the NoHoW Toolkit, focusing on the logic models, content, and
specifications, as well as the results from user testing.
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Methods: The toolkit was developed by using a systematic approach, which included the development of the theory-based logic
models, the selection of behavior change techniques, the translation of these techniques into a web-based app (NoHoW Toolkit
components), technical development, and the user evaluation and refinement of the toolkit.

Results: The toolkit included a set of web-based tools and inputs from digital tracking devices (smart scales and activity trackers)
and modules that targeted weight, physical activity, and dietary behaviors. The final toolkit comprised 34 sessions that were
distributed through 15 modules and provided active content over a 4-month period. The motivation and self-regulation arm
consisted of 8 modules (17 sessions), the emotion regulation arm was presented with 7 modules (17 sessions), and the combined
arm received the full toolkit (15 modules; 34 sessions). The sessions included a range of implementations, such as videos,
testimonies, and questionnaires. Furthermore, the toolkit contained 5 specific data tiles for monitoring weight, steps, healthy
eating, mood, and sleep.

Conclusions: A systematic approach to the development of digital solutions based on theory, evidence, and user testing may
significantly contribute to the advancement of the science of behavior change and improve current solutions for sustained weight
management. Testing the toolkit by using a 2×2 design provided a unique opportunity to examine the effect of motivation and
self-regulation and emotion regulation separately, as well as the effect of their interaction in weight loss maintenance.

(J Med Internet Res 2021;23(12):e25305)   doi:10.2196/25305

KEYWORDS

mHealth; behavior change techniques; weight management; motivation; self-regulation; emotion regulation; self-monitoring;
user testing; logic models

Introduction

Background
Behavior change interventions for overweight and obesity that
target dietary behaviors, physical activity, and other weight
management components show beneficial effects in reducing
weight and improving health, at least in the short term [1,2],
but most individuals experience weight regain over subsequent
months and years [3,4]. Thus, a key challenge for such
interventions is to find sustainable and scalable methods for
long-term weight loss maintenance (WLM) [5,6]. The
emergence and rapid growth of digital behavior change
interventions (ie, sets of activities or products designed to
change specified behavior patterns through digital technology)
are a response to the urgent need for scalability and
sustainability and can help to better understand the complexity
behind individuals’decisions and engagement in behaviors that
affect their health and well-being, including sustained weight
management [1,7].

Although research on the effectiveness of digital behavior
change interventions is at an early stage, existing reviews have
found small effects and between-study variability on outcomes
and behaviors [8,9]. These interventions can be optimized by
identifying the features that contributed to their effectiveness
through systematic theory- and evidence-based processes of
intervention development, implementation, testing, and reporting
(eg, Medical Research Council [10] and Template for
Intervention Description and Replication guidance [11]).

In the context of weight management, the core features of
effective interventions include techniques in line with

self-regulation theories, such as goal-setting, self-monitoring
of weight and behavior, feedback on behavior and weight, and
plans to cope with risk factors for weight regain and relapse
prevention (eg, problem-solving) [12-15]. Autonomous
motivation has also been associated with change in energy
balance behaviors for obesity management [16]. As the number
of digital interventions based on motivation and self-regulation
approaches to sustained weight management is limited [17], it
is important to test if these theoretical approaches produce
sustained behavior changes in the context of WLM. In addition,
contextual-based emotion regulation strategies that promote
compassion, acceptance, and mindfulness [18-20] may also
have an impact on behavior changes that promote WLM [21].
With these considerations in mind, we developed a theory-based
toolkit, delivered as a portfolio of embedded digital tracking
technologies (smart scale and activity trackers), mini apps, and
web resources accessible through a computer, tablet, and mobile
phone, as part of the European Union’s Horizon 2020 project
NoHoW: Evidence-Based Tools for Weight Loss Maintenance.

The toolkit was used in the international Navigating to a Healthy
Weight (NoHoW) innovative, 2×2 factorial, single-blind
randomized controlled trial (RCT) for WLM. All 4 arms of the
intervention included self-weighing and self-monitoring of
activity using commercial Wi-Fi scales and activity trackers.
The active control arm included access to generic weight
management content, and the 3 intervention arms consisted of
motivation and self-regulation content, emotion regulation
content, and combined motivation and self-regulation+emotion
regulation content (Figure 1; detailed information about the
NoHoW project and trial can be found elsewhere [22]).
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Figure 1. The Navigating to a Healthy Weight trial design.

Aim
This paper aims to describe the processes involved in the
development of the NoHoW Toolkit to a stage appropriate for
an RCT evaluation (trial registration number:
ISRCTN88405328) and provide a detailed overview of the
NoHoW Toolkit.

Methods

Systematic and Iterative Process
The development of the NoHoW Toolkit involved a
multidisciplinary team of researchers in behavioral science,
obesity and weight management, exercise and nutrition, software
development, data analytics, biomathematics, and user
experience (UX). It followed a systematic and iterative process
incorporating both theory- and evidence-based approaches, as
well as user testing to refine usability, and it also followed best
practices by conducting the steps that are commonly
recommended by the Behaviour Change Wheel [23], the
intervention mapping approach [24], and the Medical Research
Council [25] guidance for intervention development. It consisted
of the following five steps: (1) development of theory-based
logic models; (2) selection of the content, that is, behavior
change techniques; (3) translation of these techniques into a
coherent web-based app (NoHoW Toolkit components); (4)
technical development; and (5) user evaluation and refinement
of the toolkit for subsequent evaluation in the context of an
RCT.

Step 1: Development of Theory-Based Logic Models
The selection of the psychological and behavioral factors to be
targeted by the toolkit was based on existing studies on the most
relevant theoretical frameworks in the context of physical
activity, healthy eating, and weight management [2]. These
studies were reviewed by the core research team and informed
the NoHoW theoretical logic models that were developed. These
logic models schematically represent the relationships among
(1) the primary and secondary outcomes, including behavioral
outcomes; (2) the theoretical mediators that were hypothesized
to explain the effect of the toolkit content on the primary and
secondary outcomes; (3) the content of the toolkit; and (4) the
hypothesized moderators of the intervention effects. This task
was executed by the behavioral science team with feedback

from the members of the larger project consortium and the
external advisory board.

Step 2: Selection of Behavior Change Techniques
The next developmental task was the identification and selection
of the specific techniques that would form the content of the
NoHoW Toolkit. This selection was derived from the studies
reviewed (step 1) describing the behavior, motivation, and
emotion regulation techniques hypothesized to have an impact
on the theory-based mediators of WLM as represented in the
logic models. For example, providing choice is a core technique
to foster autonomy. We conducted an additional scoping review
to identify the frequently used and effective intervention
techniques and modes of delivery used in digital behavior
change interventions for changing health behaviors in the
context of long-term weight management (Multimedia Appendix
1). The selection of the final set of techniques was carried out
through discussions among the team members. To ensure
standardization in the description of the NoHoW Toolkit, the
selected techniques were reported using the identifiers and labels
from reliable taxonomies (when available) such as the Behavior
Change Techniques Taxonomy (BCTT) version 1 (eg, BCTT
1.2 Problem Solving) [26] or the classification of Motivation
and Behavior Change Techniques (MBCTs; eg, MBCT 6:
Providing Choice) [27]. No taxonomy is yet available for the
emotion regulation techniques.

Step 3: Translation of the Techniques Into the NoHoW
Toolkit Components
Table 1 presents an overview of the development tasks (steps
3 to 5). Initially, the research team created user cases involving
personas based on recent research identifying individuals
involved in WLM [28] (who varied in age, gender, weight
history, digital literacy, and reasons for participating in a WLM
intervention) and scenarios (eg, first visit, throughout the
intervention, and during a relapse) to describe the target users
and their potential experiences when using the toolkit. This
exercise provided the starting point for specifying the functional
requirements of the toolkit and identifying how the techniques
selected in step 3 would be implemented and also facilitated
the development of a common language between the content
development and technology development partners. A guidance
manual was created to aid the teams involved in the development
of the modular content of the toolkit. The manual stipulated that
the content of each module should identify (1) specific behavior
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goals; (2) theoretical constructs targeted; (3) techniques targeted;
(4) rationale: how the goal, theoretical construct, and techniques
are linked; and (5) the mode of delivery of each technique (eg,

video or text) described in a way that would inform their
implementation by the software developers and designers.
Scripts were developed for each implementation.

Table 1. NoHoW Toolkita development process.

Team responsibleTasks

Behavior change team and UXb teamTask 1: persona and scenario development

Behavior change teamTask 2: development of the overall content of the toolkit (eg, sessions) based on the
motivation, self-regulation, and emotion regulation theories of behavior change

Software development teamTask 3: system architecture design

Behavior change teamTask 4: full description of each implementation (technique or clusters of techniques)
for each content feature (eg, session)

Behavior change teamTask 5: development of a list of possible modalities in which the techniques would be
implemented (eg, quiz, animation video, audio, text, and testimonial)

Software development teamTask 6: feedback about feasibility of implementation, engagement, and other options
and details of the technical implementation

Behavior change teamTask 7: adjustments in accordance

UX team and software development teamTask 8: UIc design

Software development teamTask 9: functional description

Software development teamTask 10: programming

UX teamTask 11: feasibility study plan

Behavior change teamTask 12: toolkit sessions upload using a content management system

Behavior change team and software development teamTask 13: the implementation is user tested

Behavior change team and software development teamTask 14: final adjustments

aNoHoW: Navigating to a Healthy Weight.
bUX: user experience.
cUI: user interface.

Step 4: Toolkit Technical Development
We identified that the 2 most important functionalities of the
toolkit were (1) providing the WLM intervention in 3
theoretically informed, evidence-based versions and a control
version and (2) supporting the digital tracking of weight,
physical activity, and sleep. Given that the toolkit was intended
to be used for several months, a positive user interaction and
an attractive user interface (UI) were considered necessary. A
UX designer was involved in the iterative development of the
most crucial UI elements. The design process started with
scenario development and identification of the user requirements
for the toolkit based on the scenarios, informing the development
of the initial UI concepts. The concepts were visualized by the
UX designer and tested in small-scale interviews with
participants who were similar to the target users. The UI for the
intervention sessions was designed through collaboration
between the behavior change team and the intervention
designers. An admin UI was developed to serve the needs of
the intervention designers and trial managers. The intervention
designers needed to be able to add, refine, and update content
continuously during the toolkit development as well as to define
the content, rules, and schedules for different email prompts
and reminders to be sent to the toolkit users. The trial managers
needed to create new users of the toolkit, assign them to different

intervention arms, and manage their status depending on whether
they were still involved in the study.

Step 5: User Evaluation and Toolkit Refinement
We conducted 2 user evaluation studies. The first, which sought
to identify key technical and UX-related issues and results from
this study, informed the refinements to the NoHoW Toolkit
version 1.0. This study was conducted in the United Kingdom
with English-speaking adults, recruited primarily by
advertisement or invitation from the University of Derby. The
inclusion criteria were as follows: aged ≥18 years, able to travel
to the University of Derby, able to follow written and verbal
information in English, ability to access the internet, and
currently overweight or have been overweight in the past, with
at least one weight loss attempt. Approval was obtained from
the research ethics committee of the University of Derby. A
mixed methods approach was used for the analysis of the data
through questionnaires, interviews, toolkit use log data, and
data from wireless scales and activity trackers (Fitbit [Fitbit
LLC]; see Multimedia Appendix 2 for the study description).

After refinement of the toolkit version 1.0 into version 2.0 and
translation from English into Portuguese and Danish (languages
of the 3 countries where the NoHoW trial was conducted), we
conducted a second usability testing study with the Portuguese
sample. This was a qualitative study consisting of in-depth
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interviews, with the aim of understanding users’ motivation to
engage with the toolkit and determining which functionalities
of the toolkit could promote user engagement (see Multimedia
Appendix 3 for the full description). In these interviews,
conducted after changes were implemented on top of toolkit
version 1.0, the participants were shown a beta version of the
toolkit, which included a demonstration of the navigation
procedures, and 1 session of the toolkit. The interviews, which
lasted approximately 1 hour, were audio-recorded and
transcribed verbatim. Thematic analysis was conducted using
MAXQDA version 12 (VERBI GmbH). Approval was obtained
from the research ethics committee of the University of Lisbon.

Results

Step 1: Development of Theory-Based Logic Models
Available evidence from behavioral weight management
interventions [17] showed some support for the effectiveness
of interventions based on self-regulation theories [13,14,29]
and self-determination theory [16]. There is also increasing
evidence showing the impact of emotions in weight management
[30-34] and indicating that contextual behavioral approaches

can contribute to psychological well-being and weight
management through the development of skills aimed at
reducing the automaticity of maladaptive patterns of behavior
(eg, mindfulness, acceptance, and compassion toward internal
negative states) [34-38].

The available evidence formed the basis for the NoHoW
research hypotheses that WLM could be supported by strategies
that promote (1) self-regulation (setting optimal goals and
reviewing them, action and coping planning, and action control)
and motivation factors (promotion of autonomous motivation
vs controlled motivation, intrinsic goals, and flexible regulation
to change behaviors and maintain weight loss), (2) emotion
regulation factors that may undermine self-management of
energy balance–related behaviors (reduce weight-related shame
and self-criticism, reduce difficulties in emotion regulation, and
increase psychological flexibility, mindfulness, and compassion)
and (3) interactions between (1) and (2).

The NoHoW logic models, presented in Figures 2-4,
schematically represent the relationships derived from these
theoretical approaches. We developed 3 logic models, one for
each of the intervention arms: motivation and self-regulation
arm, emotion regulation arm, and the combined arm.

Figure 2. Logic model: motivation and self-regulation arm.
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Figure 3. Logic model: emotion regulation arm.

Figure 4. Logic model: combined arm.

Step 2: Selection of Behavior Change Techniques
For the motivation and self-regulation version of the toolkit, 29
intervention techniques were selected: 11 from the BCTT
version 1, mainly focusing on goals, planning, and

self-monitoring, and 18 from the classification of MBCTs,
targeting autonomy, relatedness, and competence (see
Multimedia Appendix 4 [26,27] for the full list of techniques).
For the emotion regulation arm, 25 techniques were defined
based on contextual behavioral science approaches, specifically,
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compassion-focused therapy, mindfulness-based interventions,
and acceptance and commitment therapy (see Multimedia
Appendix 5 for the full list of techniques).

Step 3: Translation of the Techniques Into the NoHoW
Toolkit Components

Overview
The implementations of the techniques in the toolkit components
are described below. When a user logged in to the toolkit, the

main view (Figure 5) consisted of a tile-based dashboard, which
was available for all toolkit users; a personal route map, which
was only available for intervention users; weekly emails; a diary
section (list of comments or reflections that a user could add at
the end of each session); and a help section (information about
the study, frequently asked questions, and instructions for
navigating in the toolkit). The first 3 are described in detail next.

Figure 5. Navigating to a Healthy Weight Toolkit dashboard. st: stone; lb: pounds; h: hours; min: minutes
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Tile-Based Dashboard
The dashboard tiles provided an at-a-glance view of the user’s
most recent data. The toolkit presented separate tiles on physical
activity, sleep, and weight data retrieved from the Fitbit activity
tracker (Charge 2) and the Fitbit smart Wi-Fi scale (Aria). All
users could visualize their data for 1 week and for 1 month, 3
months, and 6 months. For the motivation andself-regulation
arm and for the combined arm, the tiles also presented the user’s
goals and action plans as well as coping plans related to physical
activity and diet. These plans could be reviewed at any time in
the tiles. In addition, there were 2 tiles for mood and diet, each
based, respectively, on the response to a single question, “How
do you rate your mood, at the moment?” and “How satisfied
are you with your diet, at the moment?” (5-star response scales).
The tiles highlighted if no recent data existed, thus prompting
continuation of monitoring. By clicking on a tile, the user could
view long-term graphical feedback in different time scales and
make self-assessments with a star rating feature (Multimedia
Appendix 6).

Personal Map
The personal map (not available to the control arm) contained
the modules of the toolkit, expressed in sessions (Multimedia
Appendix 7). The sessions available depended on the arm to
which the user was randomized. As the full content for each
arm of the toolkit was available from the first day of use, it was
considered useful to have a map to guide the user through the
optimal theory-informed order of the content. When a user
clicked on a module, the sessions of a module were displayed
(Multimedia Appendix 7). There were regular sessions (lasting
approximately 5 minutes) and short sessions (lasting 1 minute
each), and the user was prompted to access a specific activity
during the week. The motivation and self-regulation arm

presented 17 regular sessions, organized in 8 modules. The
estimated duration of these sessions ranged from 3 to 19
minutes. There were also 4 short sessions. The emotion
regulation arm presented 17 regular sessions as well as 2 short
ones distributed through 7 modules. The estimated duration
ranged from 2 to 27 minutes. The combined arm presented all
sessions from both arms distributed in 17 weekly modules.

Tables 2 and 3 describe the modules’ sessions for all trial arms.
The techniques selected were implemented in the sessions using
various types of activities, or implementations, which are
described in brief here (Multimedia Appendix 8):

1. Whiteboard animations: 1-minute videos that use animation
to provide educational content. The toolkit presented videos
about self-monitoring, self-confidence, myths and facts,
flexibility and body image, autonomous motivation,
evolutionary perspective of eating, conflicting messages,
food functions, shame and self-criticism, obstacles to a
healthier life, compassion, and mindfulness (Multimedia
Appendix 9).

2. Questionnaires: interactive exercises to collect data from
the user and provide immediate feedback (eg, a brief
questionnaire concerning the reasons for personal ideal
weight [motivation and self-regulation arm] or concerning
compassionate attitudes [emotion regulation arm];
(Multimedia Appendix 10).

3. Testimonials: short personal stories describing, for example,
the difficulties, challenges, and successes in a weight
management process (Multimedia Appendix 11). Users
could choose between a story of a male or female character.

4. Downloadable audios: audios containing mindfulness
exercises, lasting approximately 5 minutes. They were only
available in the emotion regulation and combined arms.
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Table 2. Theme and goals of each module of the motivation and self-regulation arm.

Mechanisms of actionCore goalsModule (theme)

Self-awareness and competenceModule 1: My weight
history

• Review weight change history: weight trajectory and characteristics of
previous weight changes (strategies and feelings associated)

• Identify weight loss strategies or approaches used in the last weight loss
attempt and assess their sustainability in time

Self-regulation capacity, competence, au-
tonomy (ownership), and intrinsic (vs ex-
trinsic) goals

Module 2: My weight
goal

• Learn about self-monitoring and self-referenced feedback and its role in
goal-setting and revision, and reflect on individual options and preferences

• Reflect on ideal and acceptable weights (and where these terms originated
and what they mean to the person)

• Understand the importance of setting self-relevant and optimal goals: set
weight-related goal

Competence and autonomous motivationModule 3: Myths and
facts

• Promote factual knowledge about energy balance–related behaviors (ex-

ercise and diet) and WLMa

Autonomy (perceived choice), au-
tonomous motivation, competence, and
self-regulation capacity

Module 4: My healthy
goals

• Promote awareness of multiple choices around behavior changes and
WLM in the long term (there is no “right” way)

• Find individual interests and seek enjoyment and personal meaning around
health behaviors

• Explore personal resources for engaging in health behaviors (eg, skills)

Intrinsic (vs extrinsic) goals (ie, life aspi-
rations), autonomous versus controlled
motivation, autonomy (ownership), and
perceived social influences and pressures
related to weight

Module 5: My goals and
values

• Prompt reflection on personal reasons for WLM (weight goals) and related
behaviors by differentiating internal (autonomous) and external (con-
trolled) motives and their relationship to sustained behavior change (sense
of ownership)

• Explore sources of body image or ideal (eg, societal norms, media, and
significant others) and its consequences (motivation and well-being)

Intrinsic (vs extrinsic) goals, autonomous
versus controlled motivation, autonomy
(ownership), and rigid versus flexible be-
havior regulation

Module 6: Free and flexi-
ble

• Identify functional and dysfunctional investment in body appearance (by
exploring sources of body image or ideal (eg, societal norms, media, and
significant others) and its consequences (motivation and well-being) and
promote satisfaction with one’s body, at any size

• Explore links between internal (feels free and choiceful) and external
(feels pressured) motives and eating and exercise regulation (eg, rigid vs
flexible approach)

Competence, autonomous motivation, and
self-regulation capacity

Module 7: What gets in
the way

• Identify challenges and barriers to current behavioral patterns and identify
resources to increase capability to deal with them

• Identify strategies to deal with these barriers (coping plans) and to focus
attention on how behavior changes serve other important life goals

Relatedness, autonomous motivation,
perceived social influences and pressures
related to weight, and self-regulation pro-
cesses

Module 8: My support
system

• Identify sources of social support and reflect on what they mean (eg,
pressured and conditional support vs unconditional support)

• Increase skills in seeking social support and dealing with social and peer
pressures (eg, assertiveness)

• Explore reaching out to others as a role model or source of support and
expertise in WLM

aWLM: weight loss maintenance.
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Table 3. Theme and goals of each module of the emotion regulation arm.

Mechanisms of actionCore goalsModule (theme)

Evolutionary approaches to eating behav-
ior and physical activity, deshaming, and
emotion regulation

Module 1: Why do we eat? • Promote the understanding of the difficulties in regulating eating
behavior because our systems are not yet evolved to restrict eating
behavior (it is not our fault)

• Promote the knowledge about how our body works to stop people
fighting against their bodies and begin working with them instead

• Promote the understanding that food has multiple functions (it is not
our fault)

• Promote the reflection about the conflicting messages in our modern
society about eating and physical activity and using food as a way
of comfort and achieving a thin and fit body image

• Clarify how these conflicting messages create additional stress and
how eating may emerge as a way to soothe the self and manage stress

Emotional eating, emotion regulation,
and mindfulness

Module 2: Eating awareness • Unveiling emotional and stress eating
• Identify the traps in using food to regulate emotions and cope with

stress
• Learn how to eat mindfully
• Promote awareness of satiety and hunger cues

Shame, self-criticism, creative hopeless-
ness, and stress management

Module 3: Roadblocks to
change

• Do we need shame and self-criticism to manage our weight? Under-
stand the evolved functions of shame and self-criticism

• Clarify the negative effects of self-criticism and shame on weight
management, body image, and physical activity

• Consolidate the inefficacy of shame and self-criticism to cope with
stress and maintain changes

• Promote creative hopelessness

Creative hopelessness, values, avoid-
ance, control agenda, and committed ac-
tion

Module 4: Living a healthy life • Foster creative hopelessness
• Promote the clarification of values
• Identify how life can be so disconnected from values
• Identify the obstacles to a valued life
• Discuss the role of avoidance and the control agenda as obstacles to

a valued life
• Create value-related goals and step-by-step actions
• Encourage committed actions to values in daily life (ie, the importance

of healthy eating patterns and physical activity)

Mindfulness, automatic pilot, being
mode, acceptance, awareness, coping,

Module 5: Learning to just be • Introduce and reduce automatic pilot
• Reflect on the needed shift from the doing mode to the being mode

bodily awareness, mindful movement,
decentering, and emotion regulation

• Clarify what mindfulness is and evidence of its benefits
• Increase awareness and acceptance of the present moment
• Use the breath as an anchor for the present moment
• Introduce the 3-minute breathing space as a way of being fully present

with a different frame of mind
• Learn how to use the 3-minute breathing space to deal with difficult

emotions, sensations, thoughts, or the stress of daily life
• Learn how to use the body as an anchor to the present moment expe-

rience
• Increase awareness and acceptance of unwanted internal experiences

(emotions and physical sensations)
• Increase awareness of the body and the body in movement
• Use mindfulness to take better care of your body
• Increase awareness and acceptance of thoughts
• Promote a defused perspective on thoughts: Thoughts are not facts
• Promote an observer perspective of internal experiences
• Promote the identification and awareness of stress responses in the

body
• Foster a more adaptive and healthy way to cope with stress and neg-

ative emotions
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Mechanisms of actionCore goalsModule (theme)

Compassion, loving-kindness, postures,
facial expressions and voice tones,
soothing rhythm breathing, compassion-
ate imagery, compassion for others, fears
of compassion, and self-compassion

• Introduce loving-kindness
• Understand how the need for compassion emerges from our evolved

brain and emotional systems
• Understand what compassion is
• Clarify that compassion takes courage
• Learn the basic skills of cultivating compassion
• Learn how to prepare the body for the compassion practices
• Develop and cultivate the qualities of the compassionate self
• Understanding the role of interpersonal difficulties and how stigma

generates stress
• Cultivate compassion in my relationship with others
• Identify the main reasons people report fearing compassion
• Clarify what compassion is and what it is not
• Discuss the paradoxical effects of fears of compassion
• Help people to overcome their fears of compassion
• Cultivate self-compassion (of one’s body image, thoughts, and emo-

tions)
• Build the capacity for acting compassionately toward one’s body
• Take the courage to engage in hard but necessary actions: The impor-

tance of physical activity

Module 6: Cultivating compas-
sion

Relapse prevention, mindfulness, and
committed action

• Promote the early identification of relapse signals
• Distinguish lapse from relapse
• Draw an action plan to deal with the relapse
• Prevent new relapses

Module 7: Final destination: A
new start

In addition, the toolkit presented 2 other features, as follows:

1. Extra support, which was triggered when individuals reached
a threshold of weight regain >3% above their target weight.
This extra module stayed available until users returned to a
weight interval of ±3% (ie, the interval defined as weight
maintenance). For users in the motivation and self-regulation
arm and the emotion regulation arm, this support further directed
the user to content useful for coping with relapses (Multimedia
Appendix 12).

2. Individualized feedback, which was included as a feature in
the motivation and self-regulation arm and in which time series
data retrieved over 1-2 months for each participant (activity and
sleep patterns from Fitbit devices, daily and weekly body weight
measures taken by the Fitbit Aria Wi-Fi scales, and use of the
toolkit) were analyzed to examine weight change patterns. There
were also indicators of weekly versus weekend and earlier versus
later in the week used as possible predictors to alert participants
to weekly cycles in weight change. Feedback could only be
provided if sufficient data were collected (at least 30 days and
variation in weight) and consisted of short messages such as
“For you, being active or exercising seems linked to better
weight management” or “Your weight management seems better
on weekdays” that were displayed on the homepage.

Weekly Emails
During the intervention period, weekly emails were sent to the
control arm, prompting the users to access the dashboard. These
emails also included links to general information about weight
management (eg, guidelines for healthy lifestyles from
government or scientific association websites).

The other arms also received weekly emails prompting the users
to access a specific session in the toolkit suggested for that
week, that is, the participants from the motivation and
self-regulation arm received the link for a session developed
with that rationale, whereas the participants from the emotion
regulation arm received the link to an emotion
regulation–specific session.

Step 4: Toolkit Technical Development
Figure 6 depicts the final overall architecture of the NoHoW
Toolkit and its connections to other systems required to deliver
the intervention. The toolkit consisted of 2 layers. The front end
consisted of an HTML skeleton with JavaScript modules. A
responsive web design approach and mobile-first concept was
used in the development. The back end responds to front end
requests, communicates with the MySQL database on the
datahub server, and accesses Fitbit data on Fitbit’s server. The
datahub stores and analyzes data, providing personalized
feedback to users by relaying information back to users through
the personalized feedback panels on the dashboard of the toolkit.
The intervention content was delivered through text, images,
videos, questionnaires, and interactive exercises. The text and
images were implemented as HTML. The videos were hosted
on Vimeo (Vimeo, Inc) and embedded in the intervention
sessions. The embedded questionnaires were implemented with
Qualtrics (Qualtrics XM), which was also used for managing
the study questionnaires in the RCT. New interfaces were built
to retrieve questionnaire answers from Qualtrics and visualize
them in the toolkit front end to enable exercises where instant
feedback was needed. Interactive exercises were tailor made as
mini apps. One example of a mini app was an exercise enabling
the users to visualize key moments in their personal weight
management history as a graph.
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Figure 6. The overall architecture of the Navigating to a Healthy Weight Toolkit and its connections to third-party systems. NoHoW: Navigating to a
Healthy Weight; UI: user interface.

Each user was provided with a user account for the toolkit
website as well as a Fitbit account to gather activity, sleep, and
weight data. The personal map was designed iteratively with
the help of a UX designer. First, 3 different concepts for
visualizing the personal map were designed, and paper
prototypes illustrating the concepts in different stages of use
were created. The prototypes were evaluated with 6 participants
in 2 evaluation rounds, first with 3 participants, after which
major usability issues were fixed. Next, the updated prototypes
were evaluated with another 3 participants. The evaluation
consisted of 45-minute face-to-face sessions with each of the
participants, who were asked to complete different tasks with
the prototypes and provide feedback on the usability and visual
appearance of the concepts. Finally, the participants were asked
to rate the concepts as the best, second best, and worst. A
concept illustrating a path on a map received the highest ratings
and was selected. The final design was created by incorporating
user feedback and some highly rated features from the other 2
concepts. All intervention modules were displayed on the main
level of the map, and completed modules were highlighted in
pink; modules that had not been completed were highlighted in
a lighter shade of pink. When a user clicked on a module, the
sessions of that module were displayed. This level of the map
also indicated which of the sessions had been completed. By
clicking on a session, the user gained access to the intervention
content. On both levels of the map, there was also a box at the
bottom left of the screen, indicating the next recommended
session and providing a shortcut to the session.

The admin UI served intervention developers and trial managers.
The most important component in terms of the intervention was
the content management system (CMS) because of the large
volume of intervention content and the need to constantly refine
and update it during the iterative development of the toolkit.

Thus, enabling the intervention designers to manage the content
facilitated the collaboration between the software developers
and the intervention designers. The CMS enabled the
intervention designers to describe the intervention structure,
content items, and their relationships to each other with a
web-based UI without programming expertise. The CMS is
based on the Django CMS (Django CMS Association), but its
functionality has been tailored to meet the needs of the
intervention design.

Step 5: User Evaluation and Toolkit Refinement
A total of 37 eligible participants expressed interest in
participating in the first study. Of the 37 participants, 20 (54%)
started using the toolkit, 14 (38%) completed the 5-day
questionnaire, and 9 (24%) completed the 30-day questionnaire.
The average age of the participants was 41.4 (SD 11.7; range
23-63) years, and of the 37 participants, 22 (59%) were women.
Although retention was low, the collected data were sufficient
to allow for the analysis of the feasibility study. The results
from the study were used to revise the toolkit specifications.
The main threats to engagement and acceptance of the toolkit
were identified, and several improvements were made regarding
UX design, content development, technical performance, and
usability (Multimedia Appendix 2). For example, to facilitate
navigation in the toolkit, the personal map component was
included, videos were refilmed to make them more energetic
and less clinical, and technical performance and usability were
improved by ensuring scaling of the toolkit to different screen
sizes and ensuring compatibility with different browsers and
mobile platforms. Ethical approval was obtained from the
Psychology Research Ethics Committee of the University of
Derby.
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The qualitative study assessing users’ needs support when
engaging with toolkit version 2.0 had a sample size of 12 adults
aged 23-57 years (women: 9/12, 75%) who lost between 10%
and 43% of their weight before taking part in the qualitative
study. Most of the participants had experience in using digital
tools, mainly to monitor their diet and physical activity. When
testing the toolkit, the participants did not report difficulties,
and the fact that the toolkit could be used on both a computer
and mobile phone was considered an advantage. The participants
considered that the self-monitoring tools were positive elements
and considered that engaging in the toolkit sessions for 5-10
minutes per week was a reasonable time commitment. From
the interviews, it was concluded that all participants felt that
the toolkit content was acceptable; in particular, the whiteboard
videos were considered to be very appealing and engaging in
terms of both the design and content, with a participant stating,
“I think I prefer the drawing hand, in my opinion the hand is
more engaging, it has a lot of movement.” There were no major
issues or suggestions for changes from the interviews
(Multimedia Appendix 3). Approval from the research ethics
committees at the University of Lisbon was obtained before
recruitment and data collection.

The final version of the NoHoW Toolkit was presented in 4
versions available for each of the trial arms as well as in 3
languages for each of the trial centers. All versions included a
tile-based dashboard displaying data from digital tracking
devices (Fitbit Charge 2 wrist device and Aria smart scale) for
weight, steps, and sleep, as well as manually entered data for
eating and mood. It also included a diary section and a help
section. In addition, the 3 versions available to each of the
intervention arms—motivation and self-regulation, emotion
regulation, and combined—displayed a personal map containing
the modules of the toolkit. The final toolkit comprised 34
sessions, distributed through 15 modules, with active content
being presented for 4 months. The motivation and self-regulation
arm consisted of 17 sessions, distributed through 8 modules;
the emotion regulation arm was presented with 17 sessions
distributed through 7 modules; and the combined arm received
the full toolkit. A detailed logging of user interactions with the
toolkit was implemented to enable determining how often the
users visited the toolkit and how much time they spent in the
toolkit and in the intervention sessions.

Discussion

Principal Findings
The NoHoW Toolkit was one of the first theory and
evidence-based digital approaches for WLM that was
systematically developed using standardized guidance, an
interdisciplinary approach, design principles, and user testing.
In all, 4 toolkit versions were designed and formally evaluated
through a 2×2 factorial RCT. In the RCT, the control version
of the toolkit only presented self-monitoring information on
weight and physical activities, whereas the 3 intervention arms
of the toolkit presented additional modular content targeting
(1) motivational factors of behavior change, including the
promotion of autonomous motivation (vs controlled motivation),
intrinsic goals, and flexible regulation to change behaviors and

maintain weight loss and self-regulation skills; the setting and
review of optimal goals; action and coping planning; and action
control; (2) emotion regulation and stress management to reduce
weight-related shame and self-criticism, reduce difficulties in
emotion regulation, and increase psychological flexibility,
mindfulness, and compassion; or (3) both 1 and 2. These are
factors that have been shown to have an impact on energy
balance–related behaviors (physical activity and healthy diet),
weight changes, and well-being [12-15,35-38].

The systematic approach used in the development of the NoHoW
Toolkit—making use of guidance for complex behavior change
interventions and taxonomies—was a core contributor to the
best reporting, replication, and accumulation of evidence on
effective behavioral approaches to WLM. The logic models
created for the NoHoW Toolkit allow for statistical modeling
of the components of the intervention, contributing to
understanding what works in the context of long-term weight
management. Furthermore, using explicit theory when
developing interventions allows for the identification of the
factors that influence the target behavior, the mechanisms of
actions that operate along the pathway to change, and the best
techniques to influence these factors, as well as an understanding
of how these can affect engagement. In addition, the use of
digital tools and engagement metrics (eg, real-time data on
weight or activity changes and use patterns of the intervention
content) can contribute to improving our understanding of the
behavioral dynamic patterns as well as theory testing and
refinement. Users were engaged in the design and iteration of
the toolkit at several stages, and the findings from these studies
informed several improvements in the design of the toolkit and
its content.

Challenges and Lessons Learned
A challenge we faced in the development of the NoHoW Toolkit
concerned the integration of the motivation and self-regulation
theoretical approaches with emotion regulation to be tested in
the 2×2 factorial trial. As there was no theory regarding, or
empirical support for, the interactions between these approaches,
the combined arm provided access to all the toolkit content
available, and the users were prompted each week to access the
emotion regulation content and the motivation and
self-regulation content. In addition, there was some overlap
among the sessions from the different approaches, for example,
the sessions on values and on flexible eating. Furthermore, the
content of the activities provided in the toolkit mainly focused
on maintenance of weight loss by, for example, addressing the
myths and facts of WLM, asking users to indicate the strategies
they used to lose weight and how these strategies could fit with
a long-term approach, and offering activities that addressed
autonomous motivation as well as content that focused on
mindfulness and compassion as ways to prevent relapses.

Although we used up-to-date frameworks to guide our choices
for the content, structure, and flow of the toolkit, the final
decisions on which components and features were to be included
and how these would be implemented drew on the research
team’s judgment through iterative discussions that were
informed by user testing and feedback. It should be noted that
the decisions made in the development process were not
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systemically justified and documented. Current frameworks
and guidance provide little information on how to translate
behavior change techniques into digital content (features). For
example, what is the best way to implement a modeling
technique in a digital intervention for it to be most effective?
Should video or text or audio be used? Or should a combination
of these be used? Behavior change techniques do not influence
only the intervention content, but also the functionality of that
content: how users interact with, and use, the app. This in turn
affects how behavior change techniques can be translated into
individual functionalities and how these functionalities form an
overall concept that creates value for the user. Efforts are
currently ongoing to develop tools to support researchers and
interventionists in standardizing reporting to inform intervention
design, content, and delivery [39,40].

The development of the NoHoW Toolkit involved close
collaboration between behavioral scientists and web developers.
The toolkit (and hence intervention) design was developed at
the beginning of the project and limited by time and resource
constraints. Where possible, development was accelerated by
using existing commercial solutions, such as implementing
intervention exercises using Qualtrics questionnaires and using
commercially available tracking devices and their data
aggregation capabilities. The resource constraints meant
negotiating acceptable compromises between the teams in the
implementation of some toolkit components. It was difficult to
evaluate beforehand how much work each functionality required
and how essential it actually was, considering the evidence base.

It can be challenging to develop a totally new digital behavior
change intervention in a time-constrained project that includes
a large-scale effectiveness evaluation. Although users were
involved in the iterative development of the toolkit, it was not
possible to simulate long-term, real-life experiences of users of
such a large entity in qualitative interviews or even in a 1-month
feasibility study. This compromise is also relevant when judging
if the toolkit was suitable for participants from different
socioeconomic status and literacy levels. Future studies should
consider adopting methodologies such as coparticipatory design
or formative research to improve the suitability of the app
content for diverse populations. Another limitation related to
this was that user testing was not conducted with Danish users.

The UX data collected during the NoHoW RCT will be valuable
in understanding how users’ experiences change during the use
of a long-term digital intervention. In future studies, when a
complex long-term intervention is involved, it might be
worthwhile to conduct a longer feasibility study to enable
observation of the changes in user engagement and experience
and use qualitative methods to investigate the reasons.
Furthermore, an adaptive trial design might be a good alternative
for testing and comparing different designs.

The schedule for the development was tight, which led to
pressure to use existing commercial platforms in the
development. Although including commercial options such as
Fitbit can be an advantage because we can test real-world
solutions, it also means less control over the features that are

regularly added to the Fitbit app and trackers, which can
contradict, or be in conflict or overlap with, the content provided
in the NoHoW Toolkit, for example, the built-in breathe exercise
in the Fitbit tracker was not aligned with the relaxation
techniques recommended in the toolkit. Future interventions
may favorably control these features by using devices used for
research or codeveloping these with commercial partners, for
example, by integrating new features on the Fitbit native app
that would be released to the NoHoW participants only.
Furthermore, developing a web app instead of a native mobile
app limited the functionality and interaction mechanisms from
the intervention design point of view. Focusing on the
web-based app saved the trouble of developing separate apps
for multiple platforms (Android and iOS), and the related CMS
enabled updating of the intervention content in real time.

Although a factorial RCT allows a rigorous testing and
comparison of different theory-based components, it also
presents constraints regarding the continuous optimization of
content to the individual that may arise during the trial (ie, the
content could not be updated during the full length of the
NoHoW trial). The use of optimization designs for digital
interventions (eg, sequential multiple assignment randomized
trial [41] or microrandomized trial [42] approaches) can support
the identification and delivery of the content of interventions
through the modeling of causal and time-varying effects,
providing a more personalized and dynamic approach to
complex behavior change in the context of long-term weight
management.

Considering these challenges, it is likely that the interaction
between academia and industry will be crucial to the
development of digital behavior change solutions in the years
to come. The industry has technical capabilities and capacity
that could potentially synergize with academic efforts in
developing rigorous, systematic, and dynamic behavior change
interventions grounded in sound theoretical principles.

Conclusions
The NoHoW Toolkit is a theory-based web app aimed at
supporting individuals who have already lost weight and are
trying to manage their weight in the long term. It was
systematically developed using standardized guidance, an
interdisciplinary approach, design principles, and user testing,
and it was formally evaluated through a 2×2 factorial RCT. It
presents modular content on motivational factors of behavior
change as well as behavior regulation and emotion regulation
skills, and it integrates data from activity trackers and weight
scales. The development of the toolkit involved a
multidisciplinary and international team of experts who used a
systematic and rigorous approach to derive its technical
specifications and content limitations. The toolkit has been
tested in the context of a multicountry randomized trial; in
addition to the main trial results, the results from the
mediation-moderation analysis, guided by the logic models,
will provide further information about the most effective and
engaging components for WLM, thereby contributing to the
optimization of the NoHoW Toolkit in future deployments.

 

J Med Internet Res 2021 | vol. 23 | iss. 12 | e25305 | p.348https://www.jmir.org/2021/12/e25305
(page number not for citation purposes)

Marques et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Acknowledgments
The authors thank Heather Patrick, Kirby Sainsbury, Paul Sacher, and Sarah Scott for their valuable inputs to the toolkit development
and evaluation.

This project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement
number 643309. The materials presented and views expressed here are the responsibility of the authors only. The European
Commission takes no responsibility for any use made of the information in this study.

Authors' Contributions
RJS, BLH, PJT, FFS, ME, and GH conceived the NoHoW project. MMM, ALP, PJT, EM, PV, MM, CD, GH, ME, and JL
designed the toolkit. All authors contributed to the development of the content and functionalities of the toolkit. MH, EM, and
RJS designed the user evaluation in the United Kingdom. MMM, ALP, and JE conducted the Portuguese usability study. MMM,
ALP, JE, EM, MH, CD, and MM drafted the manuscript. MMM and EM contributed equally to this work. All authors reviewed
and approved the manuscript.

Conflicts of Interest
RJS consults for Slimming World through Consulting Leeds, which is a wholly owned subsidiary of the University of Leeds.
MMM and GH have previously consulted for Slimming World. Slimming World is a former partner in the Navigating to a Healthy
Weight project. All other authors declare that they have no conflicts of interest.

Multimedia Appendix 1
Summary of a systematic review submitted as part of a deliverable in the Navigating to a Healthy Weight Project.
[PDF File (Adobe PDF File), 448 KB - jmir_v23i12e25305_app1.pdf ]

Multimedia Appendix 2
Summary of a feasibility study of the NoHoW Toolkit submitted as part of a deliverable in the NoHoW Project. NoHoW:
Navigating to a Healthy Weight.
[PDF File (Adobe PDF File), 83 KB - jmir_v23i12e25305_app2.pdf ]

Multimedia Appendix 3
Summary of a qualitative analysis of the support needs and usability of the NoHoW Toolkit submitted as part of a deliverable in
the NoHoW Project. NoHoW: Navigating to a Healthy Weight.
[PDF File (Adobe PDF File), 147 KB - jmir_v23i12e25305_app3.pdf ]

Multimedia Appendix 4
Theoretical guiding principles underlying the intervention design: motivation and behavior regulation arm.
[PDF File (Adobe PDF File), 86 KB - jmir_v23i12e25305_app4.pdf ]

Multimedia Appendix 5
Theoretical guiding principles underlying the intervention design: emotion regulation.
[PDF File (Adobe PDF File), 83 KB - jmir_v23i12e25305_app5.pdf ]

Multimedia Appendix 6
Graphical view of a tile: weight tile.
[PDF File (Adobe PDF File), 152 KB - jmir_v23i12e25305_app6.pdf ]

Multimedia Appendix 7
Personal route map.
[PDF File (Adobe PDF File), 105 KB - jmir_v23i12e25305_app7.pdf ]

Multimedia Appendix 8
Motivation and self-regulation modules.
[PDF File (Adobe PDF File), 227 KB - jmir_v23i12e25305_app8.pdf ]

Multimedia Appendix 9
Example of a whiteboard animation.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e25305 | p.349https://www.jmir.org/2021/12/e25305
(page number not for citation purposes)

Marques et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

jmir_v23i12e25305_app1.pdf
jmir_v23i12e25305_app1.pdf
jmir_v23i12e25305_app2.pdf
jmir_v23i12e25305_app2.pdf
jmir_v23i12e25305_app3.pdf
jmir_v23i12e25305_app3.pdf
jmir_v23i12e25305_app4.pdf
jmir_v23i12e25305_app4.pdf
jmir_v23i12e25305_app5.pdf
jmir_v23i12e25305_app5.pdf
jmir_v23i12e25305_app6.pdf
jmir_v23i12e25305_app6.pdf
jmir_v23i12e25305_app7.pdf
jmir_v23i12e25305_app7.pdf
jmir_v23i12e25305_app8.pdf
jmir_v23i12e25305_app8.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


[PDF File (Adobe PDF File), 195 KB - jmir_v23i12e25305_app9.pdf ]

Multimedia Appendix 10
Example of a questionnaire.
[PDF File (Adobe PDF File), 90 KB - jmir_v23i12e25305_app10.pdf ]

Multimedia Appendix 11
Example of a testimony.
[PDF File (Adobe PDF File), 129 KB - jmir_v23i12e25305_app11.pdf ]

Multimedia Appendix 12
Extra support feature.
[PDF File (Adobe PDF File), 206 KB - jmir_v23i12e25305_app12.pdf ]

References
1. Hutchesson MJ, Rollo ME, Krukowski R, Ells L, Harvey J, Morgan PJ, et al. eHealth interventions for the prevention and

treatment of overweight and obesity in adults: a systematic review with meta-analysis. Obes Rev 2015 May;16(5):376-392.
[doi: 10.1111/obr.12268] [Medline: 25753009]

2. Wadden TA, Tronieri JS, Butryn ML. Lifestyle modification approaches for the treatment of obesity in adults. Am Psychol
2020 Feb;75(2):235-251 [FREE Full text] [doi: 10.1037/amp0000517] [Medline: 32052997]

3. Avenell A, Broom J, Brown TJ, Poobalan A, Aucott L, Stearns SC, et al. Systematic review of the long-term effects and
economic consequences of treatments for obesity and implications for health improvement. Health Technol Assess 2004
May;8(21):iii-iv, 1 [FREE Full text] [doi: 10.3310/hta8210] [Medline: 15147610]

4. Paixão C, Dias CM, Jorge R, Carraça EV, Yannakoulia M, de Zwaan M, et al. Successful weight loss maintenance: a
systematic review of weight control registries. Obes Rev 2020 May;21(5):e13003. [doi: 10.1111/obr.13003] [Medline:
32048787]

5. Montesi L, El Ghoch M, Brodosi L, Calugi S, Marchesini G, Dalle GR. Long-term weight loss maintenance for obesity: a
multidisciplinary approach. Diabetes Metab Syndr Obes 2016 Feb;9:37-46 [FREE Full text] [doi: 10.2147/DMSO.S89836]
[Medline: 27013897]

6. Stubbs R, Lavin J. The challenges of implementing behaviour changes that lead to sustained weight management. Nutr
Bull 2013 Feb 07;38(1):5-22 [FREE Full text] [doi: 10.1111/nbu.12002]

7. Islam MM, Poly TN, Walther BA, Jack Li YC. Use of mobile phone app interventions to promote weight loss: meta-analysis.
JMIR Mhealth Uhealth 2020 Jul 22;8(7):e17039 [FREE Full text] [doi: 10.2196/17039] [Medline: 32706724]

8. Park S, Hwang J, Choi Y. Effect of mobile health on obese adults: a systematic review and meta-analysis. Healthc Inform
Res 2019 Jan;25(1):12-26 [FREE Full text] [doi: 10.4258/hir.2019.25.1.12] [Medline: 30788177]

9. Oosterveen E, Tzelepis F, Ashton L, Hutchesson MJ. A systematic review of eHealth behavioral interventions targeting
smoking, nutrition, alcohol, physical activity and/or obesity for young adults. Prev Med 2017 Jun;99:197-206. [doi:
10.1016/j.ypmed.2017.01.009] [Medline: 28130046]

10. Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M, Medical Research Council Guidance. Developing and
evaluating complex interventions: the new Medical Research Council guidance. Br Med J 2008 Sep 29;337(sep29 1):a1655
[FREE Full text] [doi: 10.1136/bmj.a1655] [Medline: 18824488]

11. Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher D, et al. Better reporting of interventions: template for
intervention description and replication (TIDieR) checklist and guide. Br Med J 2014 Mar 07;348(mar07 3):g1687. [doi:
10.1136/bmj.g1687] [Medline: 24609605]

12. Dombrowski S, Sniehotta F, Avenell A, Johnston M, MacLennan G, Araújo-Soares V. Identifying active ingredients in
complex behavioural interventions for obese adults with obesity-related co-morbidities or additional risk factors for
co-morbidities: a systematic review. Health Psychol Rev 2012 Mar;6(1):7-32 [FREE Full text] [doi:
10.1080/17437199.2010.513298]

13. Sniehotta FF, Schwarzer R, Scholz U, Schüz B. Action planning and coping planning for long-term lifestyle change: theory
and assessment. Eur J Soc Psychol 2005 Jul;35(4):565-576. [doi: 10.1002/ejsp.258] [Medline: 25855820]

14. Sniehotta FF, Scholz U, Schwarzer R. Bridging the intention–behaviour gap: planning, self-efficacy, and action control in
the adoption and maintenance of physical exercise. Psychol Health 2005 Apr;20(2):143-160. [doi:
10.1080/08870440512331317670]

15. Teixeira PJ, Mata J, Williams GC, Gorin AA, Lemieux S. Self-regulation, motivation, and psychosocial factors in weight
management. J Obes 2012;2012:582348 [FREE Full text] [doi: 10.1155/2012/582348] [Medline: 23209888]

16. Ntoumanis N, Ng JY, Prestwich A, Quested E, Hancox JE, Thøgersen-Ntoumani C, et al. A meta-analysis of
self-determination theory-informed intervention studies in the health domain: effects on motivation, health behavior,

J Med Internet Res 2021 | vol. 23 | iss. 12 | e25305 | p.350https://www.jmir.org/2021/12/e25305
(page number not for citation purposes)

Marques et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

jmir_v23i12e25305_app9.pdf
jmir_v23i12e25305_app9.pdf
jmir_v23i12e25305_app10.pdf
jmir_v23i12e25305_app10.pdf
jmir_v23i12e25305_app11.pdf
jmir_v23i12e25305_app11.pdf
jmir_v23i12e25305_app12.pdf
jmir_v23i12e25305_app12.pdf
http://dx.doi.org/10.1111/obr.12268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25753009&dopt=Abstract
http://europepmc.org/abstract/MED/32052997
http://dx.doi.org/10.1037/amp0000517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32052997&dopt=Abstract
https://doi.org/10.3310/hta8210
http://dx.doi.org/10.3310/hta8210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15147610&dopt=Abstract
http://dx.doi.org/10.1111/obr.13003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32048787&dopt=Abstract
http://paperpile.com/b/ozcYxv/goXJ
http://dx.doi.org/10.2147/DMSO.S89836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27013897&dopt=Abstract
http://onlinelibrary.wiley.com/doi/10.1111/nbu.12002/full
http://dx.doi.org/10.1111/nbu.12002
https://mhealth.jmir.org/2020/7/e17039/
http://dx.doi.org/10.2196/17039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32706724&dopt=Abstract
https://www.e-hir.org/DOIx.php?id=10.4258/hir.2019.25.1.12
http://dx.doi.org/10.4258/hir.2019.25.1.12
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30788177&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2017.01.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28130046&dopt=Abstract
http://europepmc.org/abstract/MED/18824488
http://dx.doi.org/10.1136/bmj.a1655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18824488&dopt=Abstract
http://dx.doi.org/10.1136/bmj.g1687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24609605&dopt=Abstract
http://www.tandfonline.com/doi/abs/10.1080/17437199.2010.513298
http://dx.doi.org/10.1080/17437199.2010.513298
http://dx.doi.org/10.1002/ejsp.258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25855820&dopt=Abstract
http://dx.doi.org/10.1080/08870440512331317670
https://doi.org/10.1155/2012/582348
http://dx.doi.org/10.1155/2012/582348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23209888&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


physical, and psychological health. Health Psychol Rev 2021 Jun 03;15(2):214-244. [doi: 10.1080/17437199.2020.1718529]
[Medline: 31983293]

17. Sniehotta FF, Evans EH, Sainsbury K, Adamson A, Batterham A, Becker F, et al. Behavioural intervention for weight loss
maintenance versus standard weight advice in adults with obesity: a randomised controlled trial in the UK (NULevel Trial).
PLoS Med 2019 May 7;16(5):e1002793 [FREE Full text] [doi: 10.1371/journal.pmed.1002793] [Medline: 31063507]

18. Duarte C, Stubbs J, Pinto-Gouveia J, Matos M, Gale C, Morris L, et al. The impact of self-criticism and self-reassurance
on weight-related affect and well-being in participants of a commercial weight management programme. Obes Facts 2017
Apr 4;10(2):65-75 [FREE Full text] [doi: 10.1159/000454834] [Medline: 28376484]

19. Bowen S, Chawla N, Witkiewitz K. Mindfulness-based relapse prevention for addictive behaviors. In: Baer RA, editor.
Mindfulness-Based Treatment Approaches.2nd ed. Cambridge, MA: Academic Press; 2014:141-157.

20. Hendershot CS, Witkiewitz K, George WH, Marlatt GA. Relapse prevention for addictive behaviors. Subst Abuse Treat
Prev Policy 2011 Jul 19;6:17 [FREE Full text] [doi: 10.1186/1747-597X-6-17] [Medline: 21771314]

21. O'Reilly GA, Cook L, Spruijt-Metz D, Black DS. Mindfulness-based interventions for obesity-related eating behaviours:
a literature review. Obes Rev 2014 Jun 18;15(6):453-461 [FREE Full text] [doi: 10.1111/obr.12156] [Medline: 24636206]

22. Scott SE, Duarte C, Encantado J, Evans EH, Harjumaa M, Heitmann BL, et al. The NoHoW protocol: a multicentre 2×2
factorial randomised controlled trial investigating an evidence-based digital toolkit for weight loss maintenance in European
adults. BMJ Open 2019 Sep 30;9(9):e029425 [FREE Full text] [doi: 10.1136/bmjopen-2019-029425] [Medline: 31575569]

23. Michie S, van Stralen MM, West R. The behaviour change wheel: a new method for characterising and designing behaviour
change interventions. Implement Sci 2011;6:42 [FREE Full text] [doi: 10.1186/1748-5908-6-42] [Medline: 21513547]

24. Bartholomew L, Markham C, Ruiter R, Fernández M, Kok G, Parcel G. Planning Health Promotion Programs: An Intervention
Mapping Approach. Hoboken, New Jersey, United States: John Wiley & Sons; 2016.

25. Moore GF, Audrey S, Barker M, Bond L, Bonell C, Hardeman W, et al. Process evaluation of complex interventions:
Medical Research Council guidance. Br Med J 2015 Mar 19;350:h1258 [FREE Full text] [doi: 10.1136/bmj.h1258] [Medline:
25791983]

26. Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior change technique taxonomy
(v1) of 93 hierarchically clustered techniques: building an international consensus for the reporting of behavior change
interventions. Ann Behav Med 2013 Aug;46(1):81-95 [FREE Full text] [doi: 10.1007/s12160-013-9486-6] [Medline:
23512568]

27. Teixeira PJ, Marques MM, Silva MN, Brunet J, Duda JL, Haerens L, et al. A classification of motivation and behavior
change techniques used in self-determination theory-based interventions in health contexts. Motiv Sci 2020 Dec
05;6(4):438-455. [doi: 10.1037/mot0000172]

28. Santos I, Sniehotta FF, Marques MM, Carraça EV, Teixeira PJ. Prevalence of personal weight control attempts in adults:
a systematic review and meta-analysis. Obes Rev 2017 Jan 21;18(1):32-50 [FREE Full text] [doi: 10.1111/obr.12466]
[Medline: 27653242]

29. Teixeira PJ, Carraça EV, Marques MM, Rutter H, Oppert J, De Bourdeaudhuij I, et al. Successful behavior change in obesity
interventions in adults: a systematic review of self-regulation mediators. BMC Med 2015 Apr 16;13:84 [FREE Full text]
[doi: 10.1186/s12916-015-0323-6] [Medline: 25907778]

30. Vartanian LR, Porter AM. Weight stigma and eating behavior: a review of the literature. Appetite 2016 Jul 01;102:3-14.
[doi: 10.1016/j.appet.2016.01.034] [Medline: 26829371]

31. Tomiyama AJ. Weight stigma is stressful. A review of evidence for the Cyclic Obesity/Weight-Based Stigma model.
Appetite 2014 Nov;82:8-15. [doi: 10.1016/j.appet.2014.06.108] [Medline: 24997407]

32. Gibson E. The psychobiology of comfort eating: implications for neuropharmacological interventions. Behav Pharmacol
2012 Sep;23(5-6):442-460. [doi: 10.1097/FBP.0b013e328357bd4e] [Medline: 22854304]

33. Puhl RM, Brownell KD. Confronting and coping with weight stigma: an investigation of overweight and obese adults.
Obesity (Silver Spring) 2006 Oct;14(10):1802-1815 [FREE Full text] [doi: 10.1038/oby.2006.208] [Medline: 17062811]

34. Dallman MF, Pecoraro N, Akana SF, La Fleur SE, Gomez F, Houshyar H, et al. Chronic stress and obesity: a new view of
"comfort food". Proc Natl Acad Sci U S A 2003 Sep 30;100(20):11696-11701 [FREE Full text] [doi:
10.1073/pnas.1934666100] [Medline: 12975524]

35. Carrière K, Khoury B, Günak MM, Knäuper B. Mindfulness-based interventions for weight loss: a systematic review and
meta-analysis. Obes Rev 2018 Feb;19(2):164-177 [FREE Full text] [doi: 10.1111/obr.12623] [Medline: 29076610]

36. Ruffault A, Czernichow S, Hagger MS, Ferrand M, Erichot N, Carette C, et al. The effects of mindfulness training on
weight-loss and health-related behaviours in adults with overweight and obesity: a systematic review and meta-analysis.
Obes Res Clin Pract 2017 Sep;11(5 Suppl 1):90-111. [doi: 10.1016/j.orcp.2016.09.002] [Medline: 27658995]

37. Forman EM, Butryn ML. A new look at the science of weight control: how acceptance and commitment strategies can
address the challenge of self-regulation. Appetite 2015 Jan;84:171-180 [FREE Full text] [doi: 10.1016/j.appet.2014.10.004]
[Medline: 25445199]

38. Lillis J, Wing R. Behavioral strategies in weight management. In: Treatment of the Obese Patient. Switzerland: Springer;
2014.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e25305 | p.351https://www.jmir.org/2021/12/e25305
(page number not for citation purposes)

Marques et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1080/17437199.2020.1718529
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31983293&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1002793
http://dx.doi.org/10.1371/journal.pmed.1002793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31063507&dopt=Abstract
https://www.karger.com?DOI=10.1159/000454834
http://dx.doi.org/10.1159/000454834
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28376484&dopt=Abstract
https://substanceabusepolicy.biomedcentral.com/articles/10.1186/1747-597X-6-17
http://dx.doi.org/10.1186/1747-597X-6-17
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21771314&dopt=Abstract
http://europepmc.org/abstract/MED/24636206
http://dx.doi.org/10.1111/obr.12156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24636206&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=31575569
http://dx.doi.org/10.1136/bmjopen-2019-029425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31575569&dopt=Abstract
http://www.implementationscience.com/content/6//42
http://dx.doi.org/10.1186/1748-5908-6-42
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21513547&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=25791983
http://dx.doi.org/10.1136/bmj.h1258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25791983&dopt=Abstract
https://academic.oup.com/abm/article-abstract/46/1/81/4563254
http://dx.doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23512568&dopt=Abstract
http://dx.doi.org/10.1037/mot0000172
http://europepmc.org/abstract/MED/27653242
http://dx.doi.org/10.1111/obr.12466
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27653242&dopt=Abstract
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-015-0323-6
http://dx.doi.org/10.1186/s12916-015-0323-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25907778&dopt=Abstract
http://dx.doi.org/10.1016/j.appet.2016.01.034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26829371&dopt=Abstract
http://dx.doi.org/10.1016/j.appet.2014.06.108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24997407&dopt=Abstract
http://dx.doi.org/10.1097/FBP.0b013e328357bd4e
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22854304&dopt=Abstract
https://doi.org/10.1038/oby.2006.208
http://dx.doi.org/10.1038/oby.2006.208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17062811&dopt=Abstract
http://www.pnas.org/cgi/pmidlookup?view=long&pmid=12975524
http://dx.doi.org/10.1073/pnas.1934666100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12975524&dopt=Abstract
https://onlinelibrary.wiley.com/doi/abs/10.1111/obr.12623
http://dx.doi.org/10.1111/obr.12623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29076610&dopt=Abstract
http://dx.doi.org/10.1016/j.orcp.2016.09.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27658995&dopt=Abstract
http://europepmc.org/abstract/MED/25445199
http://dx.doi.org/10.1016/j.appet.2014.10.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25445199&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


39. Michie S, West R, Finnerty AN, Norris E, Wright AJ, Marques MM, et al. Representation of behaviour change interventions
and their evaluation: development of the upper level of the behaviour change intervention ontology. Wellcome Open Res
2020 Jun 10;5:123. [doi: 10.12688/wellcomeopenres.15902.1]

40. Marques MM, Carey RN, Norris E, Evans F, Finnerty AN, Hastings J, et al. Delivering behaviour change interventions:
development of a mode of delivery ontology. Wellcome Open Res 2020 Jun 10;5:125. [doi:
10.12688/wellcomeopenres.15906.1]

41. Collins LM, Nahum-Shani I, Almirall D. Optimization of behavioral dynamic treatment regimens based on the sequential,
multiple assignment, randomized trial (SMART). Clin Trials 2014 Aug 05;11(4):426-434 [FREE Full text] [doi:
10.1177/1740774514536795] [Medline: 24902922]

42. Klasnja P, Hekler EB, Shiffman S, Boruvka A, Almirall D, Tewari A, et al. Microrandomized trials: an experimental design
for developing just-in-time adaptive interventions. Health Psychol 2015 Dec;34S(Suppl):1220-1228 [FREE Full text] [doi:
10.1037/hea0000305] [Medline: 26651463]

Abbreviations
BCTT: Behavior Change Techniques Taxonomy
CMS: content management system
MBCT: Motivation and Behavior Change Techniques
NoHoW: Navigating to a Healthy Weight
RCT: randomized controlled trial
UI: user interface
UX: user experience
WLM: weight loss maintenance

Edited by R Kukafka; submitted 27.10.20; peer-reviewed by H Mehdizadeh, I Shubina, O Borek, N Buckland, C Zhang; comments to
author 18.12.20; revised version received 08.02.21; accepted 16.03.21; published 03.12.21.

Please cite as:
Marques MM, Matos M, Mattila E, Encantado J, Duarte C, Teixeira PJ, Stubbs RJ, Sniehotta FF, Ermes M, Harjumaa M, Leppänen
J, Välkkynen P, Silva MN, Ferreira C, Carvalho S, Palmeira L, Horgan G, Heitmann BL, Evans EH, Palmeira AL
A Theory- and Evidence-Based Digital Intervention Tool for Weight Loss Maintenance (NoHoW Toolkit): Systematic Development
and Refinement Study
J Med Internet Res 2021;23(12):e25305
URL: https://www.jmir.org/2021/12/e25305 
doi:10.2196/25305
PMID:34870602

©Marta M Marques, Marcela Matos, Elina Mattila, Jorge Encantado, Cristiana Duarte, Pedro J Teixeira, R James Stubbs, Falko
F Sniehotta, Miikka Ermes, Marja Harjumaa, Juha Leppänen, Pasi Välkkynen, Marlene N Silva, Cláudia Ferreira, Sérgio Carvalho,
Lara Palmeira, Graham Horgan, Berit Lilienthal Heitmann, Elizabeth H Evans, António L Palmeira. Originally published in the
Journal of Medical Internet Research (https://www.jmir.org), 03.12.2021. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet
Research, is properly cited. The complete bibliographic information, a link to the original publication on https://www.jmir.org/,
as well as this copyright and license information must be included.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e25305 | p.352https://www.jmir.org/2021/12/e25305
(page number not for citation purposes)

Marques et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.12688/wellcomeopenres.15902.1
http://dx.doi.org/10.12688/wellcomeopenres.15906.1
http://europepmc.org/abstract/MED/24902922
http://dx.doi.org/10.1177/1740774514536795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24902922&dopt=Abstract
http://europepmc.org/abstract/MED/26651463
http://dx.doi.org/10.1037/hea0000305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26651463&dopt=Abstract
https://www.jmir.org/2021/12/e25305
http://dx.doi.org/10.2196/25305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34870602&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

A Theory-Based, Multidisciplinary Approach to Cocreate a
Patient-Centric Digital Solution to Enhance Perioperative Health
Outcomes Among Colorectal Cancer Patients and Their Family
Caregivers: Development and Evaluation Study

Su Wei Wan1,2, BSc; Choon Seng Chong2,3,4, MBBS, MRCS, MMed, FRCS; Ee-Lin Toh4,5,6, MBBS, MRCSEd,

MMed, FRCSEd; Siew Hoon Lim7, BSc, PhD; Carol TT Loi8, MSc, PhD, Grad Dip; Yuen Foong Henry Lew9, BA,

MA; Matthew Chin Heng Chua10, PhD; Xin Pei Jee2,11, Diploma in Nursing; Guangyu Liu1, BSc; Lixia Zhu1, BSc,

MSc, PhD; Minna Pikkarainen12,13,14, PhD; Hong-Gu He1,2, BSc, MSc, PhD
1Alice Lee Centre for Nursing Studies, National University of Singapore, Singapore, Singapore
2National University Health System, Singapore, Singapore
3Division of Colorectal Surgery and Surgical Oncology, Department of Surgery, National University Cancer Institute, National University Hospital,
Singapore, Singapore
4Yong Loo Lin School of Medicine, National University of Singapore, Singapore, Singapore
5Department of Colorectal Surgery, Singapore General Hospital, Singapore, Singapore
6Duke-NUS Medical School, Singapore, Singapore
7Division of Nursing, Singapore General Hospital, Singapore, Singapore
8Centre of Psychosocial Support, Singapore Red Cross Academy, Singapore, Singapore
9Department of Psychology, School of Humanities and Behavioural Science, Singapore University of Social Sciences, Singapore, Singapore
10Medical and Cybernetics Systems, Institute of Systems Science, National University of Singapore, Singapore, Singapore
11Division of Colorectal Surgery, Department of Nursing, National University Hospital, Singapore, Singapore
12Faculty of Health Sciences and Faculty of Technology, Art and Design, Oslomet - Oslo Metropolitan University, Oslo, Norway
13Department of Electrical Engineering, Chalmers University of Technology, Gothenburg, Sweden
14Faculty of Medicine and Oulu Business School, University of Oulu, Oulu, Finland

Corresponding Author:
Hong-Gu He, BSc, MSc, PhD
Alice Lee Centre for Nursing Studies
National University of Singapore
Level 2, Clinical Research Centre
Block MD11, 10 Medical Drive
Singapore, 117597
Singapore
Phone: 65 65167448
Fax: 65 67767135
Email: nurhhg@nus.edu.sg

Abstract

Background: Elective colorectal cancer (CRC) surgeries offer enhanced surgical outcomes but demand high self-efficacy in
prehabilitation and competency in self-care and disease management postsurgery. Conventional strategies to meet perioperative
needs have not been pragmatic, and there remains a pressing need for novel technologies that could improve health outcomes.

Objective: The aim of this paper was to describe the development of a smartphone-based interactive CRC self-management
enhancement psychosocial program (iCanManage) in order to improve health outcomes among patients who undergo elective
CRC surgeries and their family caregivers.

Methods: A multidisciplinary international team comprising physicians, specialist nurses, a psychologist, software engineers,
academic researchers, cancer survivors, patient ambassadors, and ostomy care medical equipment suppliers was formed to facilitate
the development of this patient-centric digital solution. The process occurred in several stages: (1) review of current practice
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through clinic visits and on-site observations; (2) review of literature and findings from preliminary studies; (3) content development
grounded in an underpinning theory; (4) integration of support services; and (5) optimizing user experience through improving
interface aesthetics and customization. In our study, 5 participants with CRC performed preliminary assessments on the quality
of the developed solution using the 20-item user version of the Mobile App Rating Scale (uMARS), which had good psychometric
properties.

Results: Based on the collected uMARS data, the smartphone app was rated highly for functionality, aesthetics, information
quality, and perceived impact, and moderately for engagement and subjective quality. Several limiting factors such as poor agility
in the adoption of digital technology and low eHealth literacy were identified despite efforts to promote engagement and ensure
ease of use of the mobile app. To overcome such barriers, additional app-training sessions, an instruction manual, and regular
telephone calls will be incorporated into the iCanManage program during the trial period.

Conclusions: This form of multidisciplinary collaboration is advantageous as it can potentially streamline existing care paths
and allow the delivery of more holistic care to the CRC population during the perioperative period. Should the program be found
to be effective and sustainable, hospitals adopting this digital solution may achieve better resource allocation and reduce overall
health care costs in the long run.

Trial Registration: ClinicalTrials.gov NCT04159363; https://clinicaltrials.gov/ct2/show/NCT04159363

(J Med Internet Res 2021;23(12):e31917)   doi:10.2196/31917

KEYWORDS

colorectal cancer; digital solutions; mobile health; psychosocial; mHealth; smartphone app; mobile phone app

Introduction

Colorectal cancer (CRC) is known to be one of the leading
causes of cancer-related morbidity and mortality among both
men and women worldwide [1]. It will continue to be a global
threat because of its profound impact on societies and public
health [2]. Surgical tumor resection is the primary treatment for
colorectal cancer, and as worldwide incidences continue to
surge, the corresponding demand for elective surgeries is
expected to rise as well [3]. The period leading up to and
following an operation can be exceptionally sensitive and
challenging for some patients, given the state of psychological
vulnerability they are in, the debilitating symptoms, and the
lifestyle changes they concurrently contend with [4]. Under the
current enhanced recovery program or “fast-track surgery,”
much of the preoperative physiologic optimization occurs
outside of hospital [5,6], and shortened hospitalization stays
further mandate or pressurize CRC survivors to be independent
and competent in self-care and disease management
postdischarge [7,8]. Despite the introduction of various
interventions in recent years, frequent, unwarranted hospital
readmissions resulting from postoperative complications (eg,
surgical site infections, intestinal obstruction, bleeding, and
ostomy malfunction) imply that moderate self-efficacy levels
reported among CRC survivors are suboptimal [9-12].
Furthermore, informal caregivers have been reported to lack
confidence and have inadequate training in managing their care

recipients’ bowel problems, pain, fatigue, medications, and
other symptoms [13]. These combined findings justify the need
for more comprehensive and targeted measures. Therefore, this
paper aimed to describe the development of a smartphone-based
interactive CRC self-management psychosocial program
(iCanManage) in order to improve perioperative health outcomes
among patients with CRC undergoing elective CRC surgeries
and their family caregivers.

Methods

Overview
The initial stage involved the establishment of a
multidisciplinary international team by the study’s principal
investigator. Following the recruitment of a few academics,
clinicians from the 2 largest acute hospitals in Singapore, ostomy
care appliance specialists, as well as software engineers from
a renowned Finnish company were approached. Meetings were
organized to assemble all parties to brainstorm for ideas and
kick-start the construction and mapping of timelines delineating
critical milestones to be reached. The roles and the respective
responsibilities were delegated (Table 1), and a reporting
cascade was put in place to facilitate consistency and consensus
throughout the development of the patient-centric digital
solution. The appointed project manager assisted with the
arrangement of all team-based activities and timely
documentation of the project’s progress.
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Table 1. Multidisciplinary team members and roles.

Role in the development processPartner countryKey personnel

SingaporePrincipal investigator • Conceptualize and supervise the iCanManage development and trial process

SingaporeProject manager • Coordinate communication among collaboration partners and key stakeholders

SingaporeMedical doctors • Provide content expertise for the creation of surgery care paths

SingaporeSpecialist nurses • Provide content expertise on perioperative assessments and counseling,
symptom management, and self-care

SingaporePsychologist • Provide content expertise to develop, structure, and arrange mindfulness-based
practices and activities

• Provide formal psychological support

Finland and SingaporeSoftware engineers • Design digital solution, input content within care path, and maximize function-
ality and customization of the software interface

Singapore and FinlandAcademic researchers • Collect field data, expert opinion, and public feedback before trial testing

SingaporeCancer survivors and patient ambas-
sadors

• Provide informal peer support through sharing of personal experiences, iden-
tification of common challenges, and coping strategies.

• Provide information on external support services

SingaporeCancer institute and society • Provision of patient education pamphlets, brochures, and booklets

Denmark (Coloplast) and
United States (ConvaTec)

Ostomy care medical equipment
suppliers

• Provide multimedia on ostomy care, instructional guidelines, and practical
tips on lifestyle adjustment after stoma creation

Review of Current Clinical Practice
To grasp a better understanding and to identify gaps in the
current perioperative workflow of local hospital outpatient
settings, the academic study team members conducted multiple
clinic visits and on-site observations. Physical examinations,
clinical procedures, care plan discussions, as well as types of
queries and concerns raised by the patients and their
accompanied caregivers during medical consultation sessions,
were manually recorded. Preoperative assessments and
instructions, educational reference materials, and relevant
counseling advice provided by specialist nurses based on the
patients’ physiological status were also collected and
documented. Besides the aforementioned, some study team
members attended in-house peer support sessions, organized
by patient ambassadors, and talks involving ostomy awareness
to get a sense of the topics shared and activities availed for
participation. These public events enabled conversations
exploring patients with CRC and their caregivers’ struggles,
needs, satisfaction with care, and support preferences.
Information about the referral process for formal psychosocial
support was sought for knowledge about equity of access to
such resources.

Through these reviewed processes, a few critical issues were
identified. Apart from the occasional linguistic mismatch, a
handful of patients, in particular those who attended the
preoperative counseling alone, expressed confusion at the
information provided by the specialist nurses. Caregivers who
were unavailable for the face-to-face teaching were often left
at a loss, resulting in multiple calls to the hospital for
clarifications. Moreover, nurses themselves opined that the

session was too overwhelming for those still fragile from
receiving their diagnosis. They noticed that many of the seniors
with CRC had difficulty retaining the given instructions and
misplaced the reference materials provided. It was a constant
challenge for 1 of the hospitals to ensure that the patients and
their caregivers were competent with stoma care within the short
hospitalization stay before discharge. Furthermore, peer-sharing
sessions came to a halt as soon as COVID-19 emerged, further
depriving the patients of the already minimal psychosocial
support. These gaps highlighted major deficiencies in current
practice and triggered this initiative to involve novel
technologies to address the complex needs of this population.

Review of Literature and Findings From Preliminary
Studies
The existing empirical evidence postulates that individuals with
higher self-efficacy are more likely to be able to overcome
illness-related challenges. Within the CRC population,
substantial literature has reported positive associations between
self-efficacy, adjustment to colostomy, lifestyle adaptation,
symptom coping, social support, physical health, psychological
well-being, and quality of life [8,14-19]. One study found
presurgery self-efficacy, anxiety, and depression to be important
predictors of one’s recovery [12], and this is a significant finding
because of the interdependent relationships between patients
and their caregivers’ self-efficacy as well as physical and mental
health [20,21].

For CRC patients in particular, psychosocial care plays a
subsidiary role in biomedical treatment where its positive effects
on multiple mental health outcomes and quality of life have
been verified in several reviews [22-24]. However, as
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COVID-19 continues to persist, conventional face-to-face
perioperative counseling by health care professionals has
become increasingly challenging. Access to psychosocial
support is limited and confined to those deemed to be at risk of
significant psychological morbidity. This affects up to
approximately 160 patients, who undergo elective colorectal
resections annually in 1 local health care institution alone [25],
and aggravates the mental distress already prevalent within this
population [26]. Moreover, a preliminary study found great
appetite for easily retrievable, in-depth, credible information
about treatment and interest in the use of health technologies
with embedded multimedia [27]. Such indications call for the
need to review existing care delivery models and consider
possible shifts toward the adoption of telemedicine.

Content Development Based on Self-efficacy Theory
and Literature
Having put together all the gathered information, we developed
the iCanManage program based on the self-efficacy theory by
Bandura [28] and the interrelationships between self-efficacy,
anxiety, depression, social support, burden, and quality of life,
as previously described (Figure 1). This theory rides on the core
assumption that the likelihood of a person engaging in a
behavior depends on their conviction that they are able to
successfully execute the course of action required to produce
the intended outcome. Once the behavior has been adopted, the
individual estimates and evaluates whether the given behavior
leads to certain outcomes. In this theory, it is postulated that
self-efficacy stems from four sources, namely mastery
experiences, vicarious experiences, verbal persuasion, and
emotional and physiological states, which we will describe in
the following section.

Figure 1. Conceptual framework for the iCanManage program.

Mastery Experiences
Mastery experiences are especially influential, and they
accumulate from persistent and sustained efforts in achieving
performance success and overcoming failures, obstacles, and
adversity. The self-efficacy developed through mastery
experiences refers to resilience and the ability to quickly rebound
when faced with setbacks.

Vicarious Experiences
Vicarious experiences are gained from assimilation to the
successes and failures of social models. Through the observation
of similar individuals who succeed, people come to believe that
they too are capable of succeeding. Conversely, observing
similar individuals who fail despite their high effort will lower
one’s expectations and prevent self-criticism.

Verbal Persuasion
Verbal persuasion from social interactions can also enhance
one’s perceived self-efficacy. Through the use of positive words,

people’s belief that they have the capacity to succeed is
strengthened, and they are motivated to mobilize greater effort
to sustain or confront the challenges that come their way.

Physical and Affective States
Self-efficacy is also influenced by how an individual views and
understands emotional and physical reactions, including stress,
tension, fatigue, and mood states, to be a reflection of their
performance abilities. By learning how to regulate their
responses when encountering difficult and challenging
situations, one can cultivate a greater locus of control and
develop self-efficacy.

CRC surgeries, unlike those for other cancer types, bring about
many physical and lifestyle changes that require the acquisition
of new behavior patterns [29]. Yet, successful adaptation and
adjustment usually follow a feedback loop involving response
consequences and predictive cues, which are largely influenced
by the individual’s cognitive processes and perceived locus of
control [28]. Bandura’s self-efficacy theory has been widely
used within the cancer population to guide intervention
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development, where significant positive effects on numerous
health outcomes were reported [19,30]. Knowing how
demanding and unpredictable the course of this illness is, it
became imperative to design the iCanManage program to
empower our trial participants by enabling access to the four
sources of self-efficacy. By doing so, the participants will have
greater preparedness for surgery, which may benefit recovery
after surgery [31]. At the same time, they will also be better
positioned to respond and withstand the ordeal in the long run
[14]. A description of how the contents were designed based
on this theory is presented in Multimedia Appendix 1.

Integration of Support Services
Apart from formal professional support, tangible and practical
help are also essential for sustained adaptive coping, especially
after an individual is discharged from the health care institution
and reintegrates back into the community [4,32]. Hence, cancer
survivors and patient ambassadors of external support groups
(eg, Ostomy Association of Singapore, Singapore Cancer
Society, and Patient Advocacy Network) were invited to share
their personal experiences in the form of videos to relay useful
messages on resuming activities of daily living while at the
same time providing companionship throughout the receiving
patient’s cancer journey. These videos were later embedded
within the digital solution.

In Singapore, a majority of patients with CRC fitted with a
stoma (ie, ileostomy or colostomy) obtain their ostomy care
appliances from Coloplast (Coloplast A/S) and ConvaTec
(ConvaTec Group plc). For many years, these 2 companies from
Denmark and the United States, respectively, have been
committed to providing advanced therapies for wound, ostomy,
and continence care [33,34]. To ensure our trial participants are
able to manage their stoma and quickly familiarize themselves
with the use of different ostomy products, partnerships with
these companies were built to borrow educational multimedia
for dissemination through the digital solution. This collaboration
also opened a platform for the trial participants to connect with
the product suppliers and ostomy care specialists directly.

Optimizing User Experience
Once the final version of the proposed contents was ready,
software engineers from Buddy Healthcare were engaged to
input all materials into the created digital solution known as
BuddyCare. Buddy Healthcare is known for its pioneering
efforts in designing award-winning automated care pathways
for improved care coordination and patient engagement [35].
To date, they have over 200 care pathway templates for elective
surgeries in use by hospitals across various continents (Europe,
United States, and Asia Pacific), where positive results have
been attained, including significant reductions in preoperative
phone calls and the time spent on counseling, as well as high
recommendation ratings from health care professionals who
have subscribed to the platform.

To ensure seamless navigation and optimal user experience,
iterative processes of trial and error took place to format and
arrange the content layout to be displayed. During these
evaluation sessions, some notable points were raised: (1)
ensuring a sizeable but digestible amount of information load;

(2) modulating the appropriate time spent and the daily app
usage; (3) using elderly friendly fonts, text size, and colors; (4)
using icons to increase the visibility of new instructions; and
(5) controlling the frequency of reminders, alerts, and
notifications.

After the smartphone-based digital solution was fine-tuned, it
was formally implemented as part of the intervention component
of a multicenter randomized controlled trial (NCT04159363)
conducted at 2 large-scale acute tertiary hospitals. At present,
the full-scale randomized controlled trial is ongoing, and the
data are insufficient for analysis. However, apart from our main
study outcomes, preliminary assessments and feedback on
BuddyCare were solicited using the Mobile App Rating Scale:
User Version (uMARS). This 20-item instrument was developed
by Stoyanov and colleagues to measure the quality of mHealth
apps across the 5 subscales of engagement (5 items),
functionality (4 items), aesthetics (3 items), information quality
(4 items), and the mHealth app’s subjective quality (4 items)
[36]. Each question is rated against 5 different response options,
which are later summed and averaged to generate a mean score
for the individual subscales. Mean scores range from 1 to 5,
with higher scores denoting better quality in the particular
domain represented by the subscale. This tool has been used to
evaluate mHealth apps on well-being [37] and mindfulness [38],
and it has been found to possess high internal consistency
(Cronbach α=.90) and test-retest reliability (intraclass
correlation coefficient range 0.66-0.70). Additionally, it is
pitched at a readability level of those aged 12 to 13 years, which
also renders it suitable for use among elderly participants who
are less educated.

Prior to study initiation, the team sought and received approval
from the local ethics board (National Healthcare Group
Domain-Specific Review Board [2019/01002]). Written
informed consent was obtained from all enrolled participants,
and the respective institutions’ personal data protection act will
be strictly adhered to during the trial period.

Results

The iCanManage Mobile App
Our eventual product was the iCanManage mobile app on the
platform of BuddyCare, which has three special features: a
surgical timeline, search functionality, and a menu tab. The
timeline stretches over a 29-day perioperative phase (14 days
before surgery, the day of surgery, and 14 days after surgery)
where users will receive information packages listing important
tasks about how to prepare for surgery, postsurgery monitoring,
and discharge care on a daily basis. In addition, users will also
be introduced to mindfulness-based practices, which are
purposed to facilitate emotional coping and regulation. Examples
of such include mindful breathing, body scan, loving-kindness
meditation, and mindful coping. Daily tasks are color coded
based on the urgency for review and completion, and reminders
are sent at scheduled timings to ensure tasks are acknowledged
before they become overdue. Positive slogans are also refreshed
periodically to motivate users to maintain a positive outlook or
comfort them in their setbacks.
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The search functionality enables participants to locate and
retrieve information within the timeline easily by entering
keywords. This is necessary given the vast amount of text, files,
and multimedia materials embedded in the app, which may only
become relevant for the user at specific time points of the
treatment continuum. Users may also revisit information
retrospectively or prospectively as they wish.

Under the menu tab, users will find peer support videos, ostomy
care videos, and help hotlines. Through the messaging feature,
users may also communicate their concerns to the attending
care team and seek tailored advice. Pictures of wound and stoma
conditions can be sent anonymously, and remote surveillance
and consultation can be conducted. Through this digital solution,
we hope users will be more equipped, confident, and
independent when undergoing elective CRC surgery. During
the trial period, the participants randomized to the intervention
arm will be given an activation code that permits personalized
access to the digital care path within the mobile app installed
on their handheld devices. By doing so, individuals may feel
more invested in their own treatment progress and work toward
their set goals. An overview of the components and content is
outlined in Multimedia Appendices 2 and 3, while screenshots
of the developed solution are shown in Multimedia Appendix
4 (image A: English version; image B: Chinese version).

Preliminary Findings on the Quality of BuddyCare
The uMARS survey data from 5 patients with CRC were
analyzed descriptively. Among these participants, 4 were
females and 1 was male. The mean age of these participants
was 57.8 years old (SD 3.77) (range: 54 to 64 years old). The
mean subscale scores were 2.8/5 (SD 0.40) for engagement,
3.9/5 (SD 0.34) for functionality, 3.5/5 (SD 0.38) for aesthetics,
3.4/5 (SD 0.34) for information quality, and 2.4/5 (SD 0.42) for
app subjective quality. Besides these 5 subscales, an additional
component of the uMARS known as perceived impact
(consisting of 6 items) rated from “1=strongly disagree” to
“5=strongly agree” was measured. The mean score for perceived
impact was 4 out of 5, and the overall app quality mean score
was tabulated to be 3.4 out of 5. Moreover, 2 participants
provided additional comments in the empty field of the
questionnaire; 1 of them stated that some of the contents within
the app were repetitive, while the other said it was good to try
out a new program, and that it was a well-done initiative with
room for improvement.

Strategies to Overcome Potential Limitations
Although much has been done to increase the usability and
acceptability of the digital solution, there remain several
potential limitations. For instance, elderly users who are not
technology savvy may encounter difficulties when navigating
the mobile app and, as a result, become more confused and
distressed. Once a scenario as such occurs, users tend to become
hesitant or resistant to subsequent health technologies.
Moreover, poor eHealth literacy may further hinder their
understanding of the presented information. Given the high
incidence rates proportionate to the age of individuals diagnosed
with CRC in the local context [39], we propose the inclusion
of family caregivers during the trial to avoid underutilization
of the app and its benefits being diminished. Study team

members will provide face-to-face training on the day of
recruitment to introduce all features, functions, and materials
within the app. An instruction manual will be provided at the
end of the training session for reference should any technical
issues render the user unable to return to the app’s main page.
Moreover, telephone calls will be made by academic researchers
weekly to ensure the app is operating properly. Lastly, all
contents were translated and will be made available in simplified
Chinese language to suit the linguistic demographics of the local
population. That being said, our multicenter trial will recruit
both English- and Chinese-speaking patients scheduled to
undergo elective CRC surgeries.

Discussion

Principal Findings
Telemedicine has been around for some time, but it was not
until lately that a growing interest in interactive health
communication technologies has been observed among users
of health care and their providers [40]. As the world continues
to battle COVID-19 and countries strive to embrace smart
technologies, there is a compelling need for more initiatives to
consistently lead seniors toward the adoption of digitalization,
and our trial paved the way for such opportunities. In this regard,
our multidisciplinary international collaboration also unveiled
the following valuable insights.

Firstly, as with most studies, researchers are inclined to focus
only on raising the technical skill level of the users, often
forgetting that health care providers themselves ought to be
knowledgeable and proficient in the said technology [41].
Cancer care is complex and requires multimodal treatment over
prolonged periods of time. As mentioned earlier, disease
management and self-care for patients with CRC can be
exceptionally trying due to altered bowel patterns, dietary
intolerance, and stoma-related concerns [42]. Multiple points
of contact with various allied health care professionals are
common and necessary, yet this would mean frequent hospital
visits. Our collaboration is hopeful that health technologies will
strengthen the delivery of holistic care through better integration
of medical data, standardization of educational counseling, and
increased patient autonomy. To achieve this, barriers prohibiting
health care professionals from actual utilization, such as shortage
of easily accessible and high connectivity computers, security
issues, and the lack of staff training, should be eliminated [43].

Secondly, much controversy has been associated with web-based
or online psychotherapies. The use of technology is generally
perceived to impede the interpersonal therapeutic relationship
between the psychologist and the patient, thereby reducing
treatment effectiveness [44]. However, input from our
multidisciplinary teammates ushered possibilities of
transforming traditional, formal psychotherapy into informal
practices that can be applied or exercised in the individual’s
daily life. While such options offer greater flexibility [45],
careful attention should be paid to maintain open channels for
communication and assessment of patients’ responses, as well
as to safeguard the confidentiality of information shared over
the internet platform being used, which will be further explored
in our trial.
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Lastly, preliminary uMARS data from the actualization of our
digital solution raised several points for reflection and future
consideration. Although these findings cannot be generalized
to the entire CRC population, scores of each subscale provided
a glimpse of the participants’preferences and helped gauge how
well the digital solution addressed their needs. According to the
results, high levels of functionality, aesthetics, information
quality, and perceived impact indicated that the BuddyCare
mobile app is generally usable, pleasant to look at, credible,
and relevant for our participants’medical condition. Conversely,
moderate levels of engagement revealed that our digital solution
was still lacking in interactivity and customization. This could
mean that participants desire an exchange of information
between themselves and the software, researchers, or clinicians,
even though the enablement of such feature may increase the
technical complexity of the app. In terms of subjective quality,
lower-than-midpoint values suggest that the app was likely not
convincing enough to warrant a recommendation to others or
payment for its usage in the long run. This is reasonable given
the relatively young age of these 5 participants who reported
the data. The young, being more exposed to digital technologies,
may have higher expectations when evaluating new mobile
apps. Moreover, our findings agree with some of the

consolidated themes derived from stakeholder perceptions
delineated in a study by Mercer and colleagues [46]. These
include the need to explore flexibility in design to achieve
sustained usage, as well as to leverage the knowledge of
behavioral psychology to improve user engagement. Considering
these pertinent issues, more data from the full-scale randomized
controlled trial will be necessary to verify and support these
findings before any change is to be made to the digital solution.

Conclusion
This paper detailed the sequential development of the
iCanManage smartphone-based psychosocial program to be
used in a multicenter randomized controlled trial. This
patient-centric digital solution will be the first to deliver a
combination of surgery and psychosocial care to patients
scheduled to undergo elective CRC surgeries and their family
caregivers. If found to be effective, the iCanManage will see
increased adherence to prescribed treatments, increased patient
satisfaction through better health outcomes, and smoother
transitions from hospital to home following surgery. In the long
run, better allocation of personnel, time, and costs can be
attained, and the economic burden can be significantly reduced
when extended to elective surgeries for other disease types.
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Abstract

Background: Previous research has confirmed that symptoms of postnatal depression (PND) can be ameliorated through
internet-delivered psychological interventions. Advantages of internet-delivered treatment include anonymity, convenience, and
catering to women who are unable to access face-to-face (FTF) treatments. To date, no research has examined the efficacy of
such interventions compared directly with FTF treatments in women clinically diagnosed with PND.

Objective: This study aims to compare the efficacy of one of the first web-based cognitive behavioral therapy (CBT) interventions
(internet CBT+coach calls) for PND (MumMoodBooster [MMB]) with FTF-CBT in a randomized controlled trial (RCT).

Methods: In this study, 116 postnatal women with a Diagnostic and Statistical Manual for Mental Disorders, Fourth Edition
(DSM-IV) diagnosis of major or minor depression were randomized to MMB (39/116, 33.6%), FTF-CBT (39/116, 33.6%), or a
treatment-as-usual (TAU) control condition (38/116, 32.8%). Diagnostic status was determined at baseline and at 21-week
follow-up using the Structured Clinical Interview for the DSM-IV. Severity of anxiety and depressive symptoms was evaluated
using the Depression Anxiety Stress Scales and the revised Beck Depression Inventory at baseline, 12-week follow-up (after
treatment), and 21-week follow-up.

Results: Of the 116 participants, 107 (92.2%) had a diagnosis of major depression at baseline. Rates of remission from a major
or minor depressive episode at 21 weeks in both the FTF-CBT and MMB groups were superior to that of the TAU group (56.6%
and 47.7% less likely to be depressed, respectively) and they were not significantly different from each other. Although remission
rates differed between TAU and FTF-CBT, growth models showed that, in terms of symptom reduction across time, the FTF-CBT
treatment was not significantly better than TAU. By comparison, MMB was statistically superior to both TAU and FTF-CBT in
reducing symptoms of depression, anxiety, and stress from baseline to the 21-week follow-up (large and moderate effect sizes).
Thus, after 21 weeks, the average symptom scores for depression and anxiety of women receiving MMB were approximately
half those of women in both the TAU and FTF-CBT groups.

Conclusions: In this RCT, MMB was at least as effective as FTF-CBT in achieving remission from a diagnosed PND episode.
MMB was superior to TAU and FTF-CBT in encouraging and maintaining reduction of symptom severity over the 21-week
follow-up for depressed postnatal women. These findings replicate results of prior studies on MMB that showed clinically
significant improvements in depressive symptoms, and they provide direct empirical support that internet-delivered treatment
for depressed postnatal women is a viable alternative to FTF treatment. The generalizability of the results needs to be examined
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in future research, as RCTs of internet-based versus FTF treatments necessarily involve a subset of people who are willing to
undertake either modality of treatment.

Trial Registration: Australia and New Zealand Clinical Trials Registry (ANZCTR) ACTRN12613000881730;
https://anzctr.org.au/Trial/Registration/TrialReview.aspx?id=364683&isReview=true

(J Med Internet Res 2021;23(12):e17185)   doi:10.2196/17185

KEYWORDS

postnatal depression; postpartum depression; postnatal anxiety; postpartum anxiety; cognitive behavioral therapy; internet
intervention; web-based intervention; randomized controlled trial; online intervention; treatment; mobile phone

Introduction

Background
A substantial proportion of new mothers suffer from postnatal
depression (PND). A meta-analysis by Gavin et al [1] estimated
a point prevalence of 12.9% at 3 months postpartum. Left
untreated, PND has significant deleterious effects on the mother
(eg, absence of well-being, feelings of lack of competence in
the mothering role, and interactional difficulties with her infant),
her partner (eg, partner’s mental health and marital functioning
or couple relationship problems), and her child (eg, diminished
cognitive and psychosocial development) [2-5]. Children of
mothers with PND are at an elevated risk of mental health
difficulties during adolescence [6].

A considerable body of research supports the effectiveness of
cognitive behavioral therapy (CBT) interventions for depression
in clinical settings [7,8]. Approximately two-thirds of individuals
in CBT trials are no longer diagnosed with depressive disorders
at follow-up [8], and CBT also reduces the risk of relapse [9],
particularly in cases of mild-to-moderate depression [10]. A
range of treatment approaches is effective specifically for PND,
and these have been systematically reviewed by Dennis and
Hodnet [11] and Cuijpers et al [12]. Treatment approaches
supported by positive research findings include CBT [13],
counseling [14], pharmacotherapy [15], and interpersonal
psychotherapy [16]. Milgrom et al [13] successfully adapted
CBT treatments to the needs of new mothers with PND. These
treatments were developed to be sensitive to specific needs
during the perinatal period, for example, less time commitment
to homework, techniques of relaxation on the run, and inclusion
of women’s partners where appropriate [13].

Reviews of the available evidence [17-19] have concluded that
self-guided internet interventions are beneficial to depressed
individuals but that the largest effect sizes are achieved when
these are combined with guided human support, typically
delivered via telephone or email contact. Such support can
increase adherence to internet-delivered mental health treatments
[20,21] and may also provide a safety net for individuals who
may need additional help should their situation worsen. Alliance
with a trustworthy coach is central to this model, and a number
of studies have shown that a strong web-based working alliance
can be achieved in guided internet-delivered treatments for
posttraumatic stress disorder and depression [22,23]. The
emerging picture is that very encouraging therapeutic effects
can be achieved through structured internet programs, supported

by low-intensity human guidance (typically <3 contact hours
in a 6-week program) [17-19].

Effectiveness of Internet Psychological Interventions
The balance of existing evidence [18,24-26] suggests that
psychological treatments delivered via the internet can be as
effective as traditional face-to-face (FTF) approaches [27,28].
Moderate-to-large effects are generally reported [27], although
it should be noted that, in many studies, the typical
counterfactuals are waitlist controls and treatment as usual
(TAU). For depression and anxiety in particular, the efficacy
of internet-based treatment has been demonstrated relative to
control conditions in populations with elevated symptoms and
increasingly in clinically diagnosed groups [25,29-34]. Multiple
meta-analyses and systematic reviews of internet interventions
have confirmed clinically and statistically significant
improvements in symptoms compared with TAU [25,27,34-36].

The Need for Internet Interventions Specific to PND
PND is undertreated: fewer than half of perinatal women seek
help even when identified as depressed [37]. Barriers to
clinic-based treatment uptake include fear of stigma, being
perceived as a bad mother, feelings of failure, poor
understanding of depression or the available help, concern about
medication being passed through breastmilk [38], and difficulty
attending because of the demands of the new baby [39]. Internet
psychological interventions may offer advantages in this
population. The perception that the internet is somewhat
anonymous may assist in circumventing stigma [40]. Similarly,
better accessibility may be achieved with a treatment program
available from home. The flexibility of being able to review
program content at any time on any day in a convenient location
may help in minimizing childcare logistics and fitting in with
changing and sleep-disrupted family schedules. Such
interventions could then potentially provide psychological
treatment to many women with PND who otherwise would not
access support.

Spurred by these possibilities, a number of such internet
interventions have been developed to address maternal perinatal
depression. Beginning with our own work [41], the delivery of
cognitive and behavioral internet interventions for perinatal
symptoms of depression has emerged as a major focus. Several
feasibility studies and randomized trials using CBT and
behavioral activation have shown significant effects on postnatal
depressive and anxiety symptoms, including those in the
clinically severe range [42-46]. Compared with a TAU
comparison group, Milgrom et al [43] reported a 4-fold increase
in remission from a diagnosed depressive disorder using the
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Structured Clinical Interview for the DSM-IV (SCID-IV) at 3
months after enrollment in the 6-session internet CBT
intervention named MumMoodBooster (MMB; the US program
version is named MomMoodBooster). O’Mahen et al [44,45,47]
reported similar reductions in depressive symptoms with a
12-session intensive coaching behavioral activation therapy (the
Net Mums program). Laughnan et al [48,49] have shown
encouraging short-term effects for their brief, transdiagnostic
internet intervention (MUMentum postnatal) that targets
symptoms of both depression and anxiety. These internet
interventions vary considerably in length and in the amount and
nature of guidance or support offered (ranging from extended
contacts with professional therapists to brief, low-intensity
technician or coach support). The emerging picture suggests
that internet interventions may help overcome several important
barriers to seeking treatment in perinatal populations, and they
have the potential to offer a scalable alternative for the delivery
of psychological treatments.

Meta-analyses suggest that internet interventions have achieved
medium-sized effects in reducing perinatal depressive
symptoms, usually in comparison with TAU or waitlist control
conditions [50-52]. To date, no published study has examined
the efficacy of an internet intervention versus FTF psychological
treatment designed specifically for postnatal women with
diagnosed depressive disorders.

Aims of This Research
This study aims to evaluate remission from clinical depression
and reduction of depressive and anxiety symptom severity
among a sample of postnatal women with diagnosed depression.
We aim to evaluate the relative efficacy for women randomly
assigned to (1) MMB, a guided version of an internet
intervention for PND; (2) a validated FTF-CBT program for
PND; and (3) TAU. The secondary aim of this randomized
controlled trial (RCT) is to compare the 2 active conditions with
respect to symptom trajectory, stress, and process measures of
treatment engagement, competence in the mothering role, marital
functioning, acceptability, and satisfaction.

Our a priori hypothesis was that women allocated to either of
the 2 active conditions (MMB and FTF-CBT) would have
significantly higher remission rates, greater reductions in
depression and anxiety symptoms, and greater improvement in
secondary outcomes compared with the TAU condition but that
MMB and FTF-CBT would not differ significantly from each
other.

Methods

Experimental Design
This study was a parallel 3-group RCT involving 116
participants and consistent with the CONSORT standards
[53,54]. The trial was prospectively registered in the Australia
and New Zealand Clinical Trials Registry (trial registration
number ACTRN12613000881730) and was approved by the
human research ethics committee of Austin Health, Melbourne
(approval number H2013/04972).

Procedure
Screening and recruitment were conducted via maternal and
child health centers in rural and metropolitan Victoria, Australia,
and by localized advertising on the internet, in newspapers, and
on the radio. The project was conducted between August 2014
and November 2017.

Inclusion criteria were determined in 2 phases. Phase 1 criteria
included the following: Edinburgh Postnatal Depression Scale
[55] scores of 11-25, aged ≥18 years, 6 weeks to 1 year
postpartum; home internet access, familiarity with internet and
email, and able and willing to give informed consent that
included agreeing to be assigned to any of the 3 experimental
conditions. Women who scored >0 on item number 10 of the
Edinburgh Postnatal Depression Scale (thoughts of self-harm)
were asked follow-up questions to ascertain intentionality, plan,
lethality, access to means, and history of suicide attempts.
Women deemed to be at risk of suicide were excluded and
referred to receive immediate crisis attention.

Women found eligible in the screening phase 1 were
subsequently assessed in phase 2 by a clinical psychologist or
a provisional psychologist in a phone-administered SCID-IV
[56]. Prospective study participants were excluded if they met
any of the following exclusion criteria in screening phase 2:
current substance abuse, manic or hypomanic symptoms or
depression with psychotic features meeting the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition
(DSM-IV) criteria, posttraumatic stress disorder, risk of suicide,
and under current treatment for depression (medication or
psychotherapy). Women who received a diagnosis of major or
minor depressive episodes and who met all other eligibility
criteria were invited to participate. Women who gave written
consent and completed the baseline assessment were then
randomized to a study condition.

Randomization
Women were randomized in a 1:1:1 ratio to 1 of the 3
conditions: internet-based CBT with telephone support (MMB;
39/116, 33.6%), individual FTF-CBT (39/116, 33.6%), or TAU
(38/116, 32.8%). An automated permuted block (block sizes of
3, 6, and 9) allocation schedule was pregenerated by a computer
by an independent technician. Allocation concealment was
ensured by a central, computer-automated administration. Upon
completion of baseline questionnaires, the system assigned the
participants to 1 of the 3 conditions. Their allocation was
subsequently revealed to them in a phone call. Given the nature
of the treatment conditions, allocation could not be concealed
from participants beyond the point of allocation.

Experimental Conditions

MumMoodBooster
MMB is designed to deliver content that is similar to FTF
depression treatment, with tailored, interactive activities used
to address individual issues and engage women. Support from
a telephone coach is intended to encourage women to use and
complete the program. The initial steps of the program provide
explicit direction, whereas the latter steps encourage participants
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to assume increasingly greater responsibility for managing their
own plan for change.

MMB uses tunnel information architecture [41,57] with
step-by-step guidance through 6 sessions, with a new session
becoming available for use every week. Session content is
similar to that found in traditional FTF-CBT treatment using a
scaffold approach that builds upon concepts presented in the
previous sessions. MMB’s charting function was designed to
help participants see the functional relationship between mood
and activity levels—a key therapeutic concept in CBT that can
be maximized in an internet program and, therefore, an
important functionality in this program. Information from past
sessions is used to reinforce gains made, and program content
is tailored to individual issues with the provision of ipsative
feedback [58]. A printable summary describes the key content
covered in each session and a tailored list of recommended
home practice activities. MMB includes content designed to
enhance participant self-efficacy to accomplish recommended
strategies as well as text, audios, and videos to engage
participants in a program with some personalized elements. In
recognition of the important role of partners and paternal
depression in the treatment process of PND [59], an article in
the MMB library entitled You and Your Partner provides content
relevant to partners of women with PND. In addition, MMB
enables participants to choose whether to invite their partner to
use a free-standing partner support website with a separate user
log-in. The MMB library also includes articles on relaxation,
problem solving, and getting support for parenting (for further
details on the development of the program, see the study by
Danaher et al [41]). As described in earlier publications
[42,43,60,61], to encourage optimal engagement and resulting
behavior change [57], although the intervention can be accessed
and used on smartphones, MMB was designed and optimized
for use on desktop computers, laptops, and tablets and designed
to function on popular browsers for both Windows PCs and
Mac computers.

Weekly low-intensity telephone coaching support (30 minutes
maximum per week) was provided. Rather than providing
therapy per se, coaches were instructed to reinforce participant
progress, encourage program use (practice of strategies and
completion of tasks), and introduce the themes of upcoming
sessions. In an initial welcome call, the assigned MMB coach
explained the MMB core structure, additional library articles,
and partner website. Coaches were able to access a secure
administrative website to review each participant’s program use
to help tailor their support. Coaching call fidelity was facilitated
by the use of a manualized script and a session-by-session

checklist. Coaching calls were provided over a period of 9
weeks, which enabled participants to work through the 6
sessions at <1 session per week and allowed for the rescheduling
of up to 3 missed coach calls.

The FTF-CBT Condition
Women in the FTF-CBT condition were scheduled to receive
weekly individualized CBT therapy from an experienced
psychologist who followed a detailed, scripted manual for
delivery of the Getting Ahead of Postnatal Depression program
[13,62]. This is a manualized 9-session CBT-based program
whose core content has been shown to be effective in several
RCTs [13,63,64], and this was drawn upon in the original design
of MMB. The program addressed maternal mood (depression
and anxiety), behavioral activation, cognitive strategies,
self-esteem, relaxation (relax on the run), getting support, and
dealing with partner issues. The program included 1 additional
session that involved both participants and their partners [62].

After screening was completed on the web, the research protocol
was explained to potential recruits and following a SCID-IV
interview, if randomized to FTF-CBT, participants visited their
general practitioner (GP) with a referral letter from the study
to arrange treatment with a suitable local psychology provider
located by the research team. Psychologists kept
session-by-session checklists of items covered in the FTF-CBT
program. A report was also sent to the GPs of participants in
the other 2 conditions; however, their GPs were not actively
encouraged to connect their patients with a local psychology
provider.

The TAU Condition
Women in the TAU condition were referred back to their GP
supplemented with a written summary of their diagnostic
assessment. Support and referral to other services could then
occur as necessary as typically occurs in Australia when
specialized programs are not available.

Measures
Measures were collected primarily using web-based
questionnaires, although phone calls were also used, as described
in the following section (Table 1). All participants received
automated email prompts reminding them to complete the
web-based assessments. Participants were given a modest
reimbursement in consideration of their time spent in completing
questionnaires and assessments at the 12-week posttest and
21-week follow-up: Aus $20 (US $14.90) and Aus $35 (US
$26), respectively.
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Table 1. Measures and collection time points.

Follow-up,
week 21

Week 16 (safety
monitoring)

Posttest, week 12Safety monitoringBaseline enroll-
ment

Measure

Week 9Week 5Week 3

Depressive symptoms

✓✓bStructured Clinical Interview for

DSM-IVa

✓✓✓Beck Depression Inventory

✓✓✓✓✓✓✓Patient Health Questionnaire

Anxiety symptoms

✓✓✓✓Depression Anxiety Stress Scale

Perceived stress

✓✓✓✓Depression Anxiety Stress Scale

Marital functioning

✓✓✓Dyadic Adjustment Scale

CBTc skills

✓✓✓Negative thinking: Automatic
Thoughts Questionnaire

✓✓✓Behavioral activation: Behavioral
Activation for Depression Scale

Maternal self-efficacy

✓✓✓Parenting Sense of Competence Scale
Maternal Self-efficacy subscale

Monitoring and safety measures

✓✓✓✓✓✓✓Risk management protocol

✓Treatment satisfaction

✓Use of other supports or treatments

aDSM-IV: Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition.
bMeasurement collected.
cCBT: cognitive behavioral therapy.

Primary Outcome Measures
Trained diagnostic interviewers blinded to treatment allocation
conducted the SCID-IV [56] by phone to determine a DSM-IV
diagnosis of major depression or minor depression [65]. To
measure the severity of depression, we used a web-based version
of the revised Beck Depression Inventory (BDI-II) [66,67], a
well-validated, 21-item clinical instrument that measures
cognitive, affective, and physiological factors. The BDI-II has
been used in numerous studies involving perinatal women
[68-70] and has been validated against diagnostic criteria in
perinatal populations [69]. The 9-item Patient Health
Questionnaire (PHQ-9) [71] was used as a serial measure of
depression for trajectory analysis. The PHQ-9 measures
depressive symptoms in the past 2 weeks; it (1) is well-validated
[71,72] (including with perinatal women [73]), (2) has high
test–retest reliability [74], (3) has high internal consistency
(α=.86) [75], and (4) is shown to be sensitive to changes in
response to treatment [76]. Participants’ anxiety symptom
severity was measured using the 7-item Anxiety Scale of the
Depression Anxiety Stress Scale, 21-item (DASS-21) [77,78].

The DASS-21 uses a 4-point scale to describe agreement with
statements over the past week and is rated as 0=did not apply
to me at all, never; 1=applied to me to some degree or some of
the time, sometimes; 2=applied to me to a considerable degree
or a good part of the time, often; and 3=applied to me very much
or most of the time, almost always. The sum of responses to the
Anxiety Scale is scored as normal (0-7), mild (8-9), moderate
(10-14), severe (15-19), and extremely severe (>20). The
DASS-21 has good concurrent validity with other established
anxiety scales [77].

Secondary Outcome Measures

CBT Skills: Negative Thinking

Participants completed the 30-item Automatic Thoughts
Questionnaire (ATQ) [79]. The ATQ asks respondents to rate
their agreement with a series of statements (eg, “My life is a
mess”) using a 5-point scale (1=not at all to 5=all of the time).
The maximum ATQ score is 150.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e17185 | p.367https://www.jmir.org/2021/12/e17185
(page number not for citation purposes)

Milgrom et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


CBT Skills: Behavioral Activation

Participants completed the 25-item Behavioral Activation for
Depression Scale [80], which measures changes in activation,
avoidance or rumination, work or school impairment, and social
impairment. Respondents rated their agreement with a series of
statements (eg, “I stayed in bed for too long even though I had
things to do”) on a scale of 0-6. The maximum Behavioral
Activation for Depression Scale score is 150.

Maternal Self-efficacy

Drawing upon Bandura’s theoretical work, Wittkowski et al
[81] described parenting self-efficacy as a parent’s belief in
their ability to perform the parenting role successfully. To
measure this, we used the Maternal Self-efficacy subscale of
the Parenting Sense of Competence Scale [82], which asks
respondents to rate the extent of their agreement with 7 items
relating to self-perception of knowledge and competence in the
mothering role. Each statement (eg, “I honestly believe I have
all the skills necessary to be a good mother to my baby”) is
rated from 1 (strongly disagree) to 6 (strongly agree). The
maximum score is 42.

Marital Functioning

Women’s relationships with their partners were assessed using
the 7-item Dyadic Adjustment Scale [83]. The general
satisfaction score was calculated as the sum of all items. The
maximum score is 36.

Treatment Satisfaction and Helpfulness

Participants in the MMB and FTF-CBT conditions were asked
to rate their satisfaction with their assigned treatment as well
as a set of select treatment components using a 4-point scale
(0=not at all satisfied, 1=somewhat satisfied, 2=moderately
satisfied, and 3=very satisfied). MMB participants were also
asked to rate the helpfulness of phone coach calls using a 4-point
scale (0=not at all helpful, 1=somewhat helpful, 2=moderately
helpful, and 3=very helpful).

Use of Other Supports or Treatments

Participants were asked to complete a checklist of other support
services and treatments they used during the study interval.

Participant Engagement

MMB use (overall number and duration of discrete visits from
enrollment to the end of the follow-up assessment) was tracked
continuously and unobtrusively via database flags and analysis
of server activity logs (see our earlier MMB trial publications
for more details [41-43]).

Coaches in the MMB condition and psychologists in the
FTF-CBT condition recorded data on participant session
completion on session-by-session compliance checklists
itemizing the elements of each session plan covered. A subset
of coaching calls and FTF-CBT therapy sessions were audio
recorded (with permission) to facilitate fidelity checks.

All measures were collected at baseline, 12-week posttest, and
21-week follow-up, except for the SCID-IV diagnostic
assessment, which was not conducted at 12 weeks. In addition,
the PHQ-9 was also monitored during safety calls at weeks 3,
5, 9, and 16 after enrollment. The follow-up time point of 21

weeks was selected to reflect 3 months of posttreatment
completion (with MMB and FTF-CBT treatment taking 9 weeks
to complete).

Safety Monitoring
Symptom severity and safety of participants in each of the RCT
conditions were monitored in calls for all conditions using the
PHQ-9. A written risk management protocol, based on the
successful approach of Simon et al [84], was initiated if any
risk of harm to self or infant or marked deterioration of
depressive symptoms was indicated. These assessments of
symptom severity and safety were scripted and accomplished
on the phone by trained research staff who were blind to the
respondents’ treatment allocation. In the 2 intervention
conditions, weekly contact with therapists and coaches enabled
additional monitoring of depression severity and safety.

Data Analysis
Depression remission was assessed using the evidence-based
definition of Frank et al [85], which requires a person to be
asymptomatic (defined as no longer meeting the criteria for the
disorder and having ≤2 symptoms for ≥2 weeks).

Categorical outcomes (eg, diagnostic status based on the
SCID-IV) were analyzed using contingency tables and logistic
regression; survival analysis (Cox regression and Kaplan–Meier
product limit) was used to predict time-to-remission of the index
depressive episode using the results from follow-up interviews.
Continuous outcomes (eg, symptom severity) were analyzed
using random-effects regression models, accommodating
time-independent and time-dependent covariates, fixed and
random factors, and incomplete data.

Random-effects growth models were estimated from baseline
(the intercept) to the 21-week follow-up using the PROC
MIXED procedure in SAS 9.2 (SAS Institute). The growth
models were estimated with full information maximum
likelihood and an unstructured variance/covariance matrix, and
the intercepts and slopes were allowed to vary. First,
unconditional means models were run for each outcome and
the estimated and observed data plotted. Next, linear conditional
growth models were run with time coded in weeks since the
pretest assessment. All primary analyses to address major
hypotheses adhered to intention-to-treat principles, and 3 a priori
comparisons were examined: MMB versus TAU, FTF-CBT
versus TAU, and MMB versus FTF-CBT (for each comparison,
the first group was the reference group). The condition×time
interaction is a test of the efficacy of the program for each a
priori comparison. The effect size for the condition×time
interaction was computed as a d-statistic equivalent [86].

Descriptive statistics and plots were used to screen all outcomes
for normality and outliers. No serious violation of normality
was found, with the exception of anxiety at 12 and 21 weeks,
which showed a preponderance of zeros. During modeling,
anxiety scores were examined in their normal metric and also
log transformed to better approximate normality. A participant
was flagged as an outlier on anxiety and stress at the 12-week
assessment. During modeling, the outlier was evaluated for its
impact on change over time.
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Clinical Significance, Power, and Sample Size
An a priori consideration of power suggested that for the
survival analysis predicting time-to-remission from the index
episode, with a 2-tailed α of .05, n=70 per condition would
yield 80% power to detect a small effect size (hazard ratio 2.0).
For the measure of depressive symptoms (BDI-II), data from
previous work by Milgrom et al [13] provided a baseline
value=23, σ=8.09. A difference of 6.5 takes scores below the
threshold of clinical depression (ie, a score <17 points). With

80% power at α=.05, the required n=15.7×(8.09/6.5)2=24.3,
which rounds up to 25. Taking into account a prudent
noncompliance rate of 30%, the adjusted sample size, n* = 25

/ (1 − 0.3)2 = 51, which rounds up to 55. Thus, an estimated
n=70 per condition yielded sufficient power to detect a small
between-group effect size and a minimum clinically important
difference in the primary measure of symptom severity. This
sample size was not achieved within the funding period;
however, post hoc analysis of power with the sample size
achieved confirmed sufficient power to address the minimum
clinically important difference for the primary outcomes. We
had sufficient power (>80%) to detect significant group
differences (P<.05) in our primary outcomes. We used a

simulation approach with 1000 replications using the likelihood
ratio test [87] and implemented it in SAS. We estimated the
power to detect condition effects for changes in the primary
outcomes. Unlike the a priori power estimates, this post hoc
power estimation included observed parameter estimates (eg,
sample size, effect size, and correlations between intercept and
slope). Thus, this study was sufficiently powered to detect group
differences between MMB and TAU for medium to large effects.

Depressive Symptom Trajectory
At baseline and during the routinely scheduled safety monitoring
calls (at weeks 3, 5, 9, 12, and 21), all participants completed
the 9-item PHQ-9 over the telephone. These data were used to
calculate the trajectory of depressive symptom changes over
time.

Results

Sample
A total of 116 participants were randomized during the study
period. Figure 1 presents a CONSORT chart of participant flow
through the trial.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e17185 | p.369https://www.jmir.org/2021/12/e17185
(page number not for citation purposes)

Milgrom et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Participant flow through the study. EPDS: Edinburgh Postnatal Depression Scale; PTSD: posttraumatic stress disorder; SCID-IV: Structured
Clinical Interview for the DSM-IV.

Participant Characteristics
A range of primiparous and multiparous, high-income and
low-income women were included (see participant baseline
characteristics in Table 2). On average, participants were aged
32.1 years (SD 4.7); 66.4% (77/116) of participants were
married, and regarding the highest level of education, 12.2%

(14/115) completed high school, 26.1% (30/115) had completed
a bachelor’s degree, and 34.8% (40/115) had completed graduate
or postgraduate programs. The average infant age was 26.1 (SD
14.5) weeks. Chi-square tests and one-way analysis of variance
were used to examine baseline demographic characteristics by
condition. No group differences were found, confirming that
randomization produced initially equivalent groups.
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Table 2. Participant and baby characteristics by study condition (N=116)a.

TAUd (n=38)FTF-CBTc (n=39)MMBb (n=39)Participant characteristics

31.9 (4.2)32.2 (5.3)30.8 (4.3)Age (years), mean (SD)

Number of children, n (%)

16 (42)19 (49)20 (51)1

16 (42)15 (38)17 (44)2

5 (13)3 (8)2 (5)3

1 (3)2 (5)0 (0)≥4

Marital status, n (%)

24 (63)26 (67)27 (69)Married

11 (29)10 (26)12 (31)De facto

2 (5)1 (3)0 (0)Separated

1 (3)2 (5)0 (0)Single

Highest education, n (%)

Completed high school

1 (3)1 (3)1 (3)No

4 (11)6 (16)4 (10)Yes

8 (21)7 (18)7 (18)Certificate or apprenticeship

1 (3)1 (3)4 (10)Advanced diploma

11 (29)12 (32)7 (18)Bachelors

4 (11)5 (13)7 (18)Graduate

9 (24)6 (16)9 (23)Postgraduate

Annual household income Aus $ (US $), n (%)

0 (0)1 (3)0 (0)>20,000 (14,800)

3 (8)6 (15)0 (0)20,001-40,000 (14,801-29,600)

5 (13)3 (8)4 (10)40,001-60,000 (29,601-44,400)

7 (18)5 (13)8 (21)60,001-80,000 (44,401-59,200)

22 (58)21 (54)24 (62)≥80,001 (59,201)

1 (3)3 (8)3 (8)Prefer not to disclose

20 (53)26 (67)26 (67)Prior counseling, n (%)

7 (18)15 (38)9 (23)Taken depression medication, n (%)

Baby characteristics

28.4 (13.7)31.3 (16.1)28.5 (14.1)Age (weeks), mean (SD)

18 (47)24 (62)25 (64)Female, n (%)

aColumn totals in percentages may not sum to 100; values in percentages are rounded upwards to the nearest full integer.
bMMB: MumMoodBooster.
cFTF-CBT: face-to-face cognitive behavioral therapy.
dTAU: treatment as usual.

Missing Data and Attrition
Failure to complete scheduled assessments (attrition from the
study) was 12.9% (15/116) at the 12-week assessment and
20.7% (24/116) at the 21-week assessment (Figure 1). Analysis
indicated that attrition at these times was not related to study
condition (P=.57), any of the demographic characteristics in

Table 1 (all P>.22), or baseline measures of the primary or
secondary outcomes (all P>.07).

Engagement in MMB Program
Of the women allocated to the MMB intervention, 85% (33/39)
completed ≥3 MMB sessions, and 72% (28/39) viewed all 6
MMB sessions. The MMB program was not visited by 3%
(1/39) of participants. Of the women who visited MMB at least
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once, the mean number of sessions viewed was 5.6 (SD 1.7),
and the mean number of visits was 15.6 (SD 8.7). The mean
total time spent using MMB averaged 230 (range 2-440)
minutes. The mean number of library articles accessed was 3.5
out of a possible 8, and the mean number of activities accessed
was 15 out of 63. Approximately 39% (15/39) of participant
partners accessed the partner support website.

Engagement in FTF-CBT
Of the women offered FTF-CBT, 62% (24/39) completed ≥3
sessions, 51% (20/39) finished ≥6 sessions, and 46% (18/39)
completed all 10 sessions. Approximately 31% (12/39) of
women did not attend any FTF sessions. The mean number of
FTF-CBT sessions attended for all 39 women was 5.5 (SD 4.5).

Primary Outcomes
At baseline, all women in all 3 groups had a DSM-IV diagnosis
of either major or minor depression; 92.2% (107/116) of the

sample had a major depression diagnosis. Table 3 shows the
change in the profile of depressive diagnostic status from
baseline to the 21-week follow-up. On the basis of the observed
data available at the 21-week follow-up assessment, the
FTF-CBT group was 56.6% less likely to have a diagnosis of
major or minor depression relative to the TAU group. The MMB
group was 47.7% less likely to have a diagnosis of major or
minor depression relative to the TAU group. Remission rates
in the FTF-CBT and MMB conditions were not significantly

different from each other (χ2
1=0.1, P=.81). Table 4 provides

descriptive statistics for the primary continuous outcome
measures for each of the 3 conditions at baseline, 12 weeks, and
21 weeks, and Table 5 provides descriptive statistics for the
secondary outcome measures.

Table 3. Diagnostic status of participants from baseline to the 21-week follow-up (N=116).

21-week follow-up, n (%)Baseline, n (%)Conditions

RemissionaLost to follow-upMinorMajorMinorMajor

25 (78)7 (18)3 (8)4 (10)3 (8)36 (92)MMBb (n=39)

27 (82)6 (15)1 (3)5 (13)4 (10)35 (90)FTF-CBTc (n=39)

18 (58)7 (18)1 (3)12 (32)2 (5)36 (95)TAUd (n=38)

aRemission was defined as the absence of a Structured Clinical Interview for the DSM-IV diagnosis for major or minor depression at the follow-up
interview and excludes cases lost to follow-up.
bMMB: MumMoodBooster.
cFTF-CBT: face-to-face cognitive behavioral therapy.
dTAU: treatment as usual.

Table 4. Descriptive statistics for continuous primary outcomes.

21-week, mean (SD)12-week, mean (SD)Baseline, mean (SD)Primary outcome

Depressive symptoms (BDI-II)a,b

8.70 (6.92)11.63 (8.96)28.10 (7.91)MMBc

15.00 (10.71)21.36 (12.15)27.18 (9.95)FTF-CBTd

17.41 ()11.5118.85 (10.16)29.97 (8.76)TAUe

Anxiety symptoms (DASS-21)f,g

2.69 (4.29)1.81 (2.61)8.87 (7.02)MMB

4.45 (5.45)8.11 (8.01)9.23 (7.31)FTF-CBT

5.19 (5.52)4.73 (5.22)8.58 (7.85)TAU

aBDI-II: Beck Depression Inventory, revised.
bBDI-II categories: minimal depression=0-13, mild depression=14-19, moderate depression=20-28, and severe depression=29-63.
cMMB: MumMoodBooster.
dFTF-CBT: face-to-face cognitive behavioral therapy.
eTAU: treatment as usual.
fDASS-21: Depression Anxiety Stress Scale, 21-item.
gDASS-21 categories: normal=0-7, mild=8-9, moderate=10-14, severe=15-19, and extremely severe=≥20.
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Table 5. Secondary outcomes.

21-week, mean (SD)12-week, mean (SD)Baseline, mean (SD)Secondary outcome

Perceived stress (DASS-21)a,b

8.55 (6.88)10.88 (7.22)20.67 (7.99)MMBc

12.39 (7.97)16.94 (9.15)18.72 (8.10)FTF-CBTd

13.25 (8.11)14.67 (6.28)20.16 (7.52)TAUe

Marital functioning (DAS-7f)

23.21 (6.56)21.25 (4.56)21.23 (5.22)MMB

21.07 (7.87)21.39 (6.18)19.90 (7.66)FTF-CBT

22.22 (6.41)22.49 (6.13)21.79 (6.66)TAU

CBTg skills-behavioral activation (BADSh)

42.93 (14.13)45.06 (17.52)55.69 (18.12)MMB

40.84 (11.13)50.78 (15.19)57.03 (20.14)FTF-CBT

48.53 (16.53)52.36 (16.15)58.44 (15.92)TAU

CBT skills-negative thinking (ATQi)

16.52 (18.02)21.44 (21.40)47.72 (25.69)MMB

24.55 (23.60)36.25 (27.74)45.77 (28.65)FTF-CBT

32.66 (27.11)34.15 (24.62)52.84 (25.70)TAU

Maternal Self-efficacy subscale (PSOCj)

30.90 (7.87)29.66 (7.39)24.03 (6.58)MMB

29.71 (7.26)26.44 (7.12)25.61 (7.96)FTF-CBT

28.09 (7.83)28.03 (7.20)22.45 (7.21)TAU

aDASS-21: Depression Anxiety Stress Scale, 21-item.
bDASS-21 categories: normal=0-14, mild=15-18, moderate=19-25, severe=26-33, and extremely severe=≥34.
cMMB: MumMoodBooster.
dFTF-CBT: face-to-face cognitive behavioral therapy.
eTAU: treatment as usual.
fDAS-7: Dyadic Adjustment Scale.
gCBT: cognitive behavioral therapy.
hBADS: Behavioral Activation for Depression Scale.
iATQ: Automatic Thoughts Questionnaire.
jPSOC: Parenting Sense of Competence Scale.

Growth Models
Parameter estimates from the growth models for each a priori
comparison are provided in Tables 6-8. These include parameter
estimates for intercept, condition, time, and condition×time
interaction.

In Table 6, the intercept reflects the model-implied estimated
baseline depressive score (PHQ-9) for the TAU group (29.02).
The t value and P value indicate that the intercept is significantly
different from 0 (P<.001). The condition parameter (−2.154)
indicates that the MMB condition had an estimated baseline
score that was 2.15 points lower than the TAU group. The t
value and P value indicate that the lower baseline depressive
score for the MMB condition was not statistically significant
(P=.24). The time parameter (−0.614) indicates that the TAU

group had an estimated linear decrease in depressive symptom
score of 0.61 points for each week through the 21-week
follow-up assessment. The t value and P value indicate that the
weekly linear decrease for the TAU group is significantly
different from 0 (P<.001). The condition×time interaction term
(−0.3029) indicates that the MMB group decreased an additional
0.30 points each week through the 21-week follow-up. The t
value and P value indicate that the greater decrease over time
for the MMB group relative to the TAU group was statistically
significant (P=.01). Figure 2 shows the trajectory of the PHQ-9
scores for each condition over the course of the study.
Significant condition×time effects were also found for anxiety
and perceived stress (Table 6), indicating that MMB was
statistically superior to TAU in reducing symptoms of
depression, anxiety, and stress from baseline to the 21-week
follow-up.
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Table 6. Parameter estimates from growth models for MumMoodBooster (MMB) versus treatment as usual (TAU).

P valuet testa (df)Parameter (SE)Outcomes and growth model parameters

Depressive symptoms

<.00122.31 (75)29.024 (1.301)Intercept

.24−1.18 (75)−2.154 (1.831)Condition

<.001−7.01 (124)−0.614 (0.088)Time

.01−2.61 (124)−0.329 (0.126)Condition×time

Anxiety symptoms

<.0017.21 (75)8.144 (1.129)Intercept

.990.01 (75)0.012 (1.588)Condition

.002−3.15 (124)−0.163 (0.052)Time

.05−2.01 (124)−0.148 (0.074)Condition×time

Perceived stress

<.00117.08 (75)19.799 (1.159)Intercept

.910.11 (75)0.186 (1.631)Condition

<.001−4.78 (124)−0.323 (0.068)Time

.006−2.78 (124)−0.270 (0.097)Condition×time

Marital functioning

<.00123.55 (75)21.906 (0.930)Intercept

.50−0.69 (75)−0.898 (1.308)Condition

.470.72 (124)0.030 (0.042)Time

.261.13 (124)0.068 (0.060)Condition×time

CBTb skills: behavioral activation

<.00121.94 (75)58.158 (2.651)Intercept

.39−0.87 (75)−3.258 (3.728)Condition

.001−3.40 (124)−0.466 (0.137)Time

.50−0.68 (124)−0.134 (0.197)Condition×time

CBT skills: negative thinking

<.00112.80 (75)51.106 (3.992)Intercept

.34−0.96 (75)−5.410 (5.614)Condition

<.001−5.40 (124)−0.996 (0.185)Time

.13−1.54 (124)−0.408 (0.265)Condition×time

Maternal Self-efficacy subscale (PSOCc)

<.00121.08 (75)23.021 (1.092)Intercept

.380.89 (75)1.364 (1.535)Condition

<.0014.65 (124)0.274 (0.059)Time

.360.92 (124)0.077 (0.085)Condition×time

aTests were two-tailed.
bCBT: cognitive behavioral therapy.
cPSOC: Parenting Sense of Competence Scale.
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Figure 2. Change from baseline to 21-week follow-up for the MMB, FTF-CBT and TAU groups on the PHQ-9. Mean values are observed values
plotted ±1 SE. PHQ-9 score ranges: minimal or none=0-4, mild=5-9, moderate=10-14, moderately severe=15-19, and severe ≥20. FTF-CBT: face-to-face
cognitive behavioral therapy; MMB: MumMoodBooster; PHQ-9: Patient Health Questionnaire–9; TAU: treatment as usual.

Tables 7 and 8 show the results for the other a priori
comparisons: FTF-CBT versus TAU and MMB versus
FTF-CBT. Although none of the condition×time effects were
significant for the FTF-CBT versus TAU comparison (Table
7), the MMB versus FTF-CBT comparison revealed that MMB
performed significantly better than FTF-CBT in reducing
depressive symptoms and perceived stress (Table 8).

The effect size (d) for all the condition×time interaction terms
is presented in Table 9. Compared with TAU, the MMB group
reported a large reduction in depressive symptoms (d=−0.83)
and medium-sized reductions in anxiety (d=−0.42) and perceived
stress (d=−0.73). Compared with the FTF-CBT condition, MMB
participants reported large reductions in both depressive
symptoms (d=−0.98) and perceived stress (d=−0.89). The TAU
and FTF-CBT conditions did not differ significantly in any of
the outcome measures.
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Table 7. Parameter estimates from growth models of face-to-face cognitive behavioral therapy (CBT) versus treatment as usual.

P valuet testa (df)Parameter (SE)Outcomes and growth model parameters

Depressive symptoms

<.00118.94 (75)29.047 (1.533)Intercept

.42−0.80 (75)−1.733 (2.155)Condition

<.001−6.52 (124)−0.611 (0.094)Time

.410.83 (124)0.110 (0.132)Condition×time

Anxiety symptoms

<.0016.70 (75)8.140 (1.215)Intercept

.420.81 (75)1.389 (1.707)Condition

.004−2.90 (124)−0.155 (0.054)Time

.88−0.16 (124)−0.012 (0.076)Condition×time

Perceived stress

<.00116.26 (75)19.799 (1.218)Intercept

.68−0.41 (75)−0.705 (1.711)Condition

<.001−5.23 (124)−0.314 (0.060)Time

.420.80 (124)0.068 (0.085)Condition×time

Marital functioning

<.00119.26 (75)21.911 (1.138)Intercept

.25−1.17 (75)−1.874 (1.599)Condition

.570.57 (124)0.029 (0.050)Time

.87−0.17 (124)−0.012 (0.070)Condition×time

CBT skills: behavioral activation

.92−0.10 (75)−0.420 (4.015)Intercept

.92−0.10 (75)−0.420 (4.015)Condition

.002−3.24 (124)−0.459 (0.142)Time

.28−1.09 (124)−0.217 (0.200)Condition×time

CBT skills: negative thinking

<.00111.96 (75)51.091 (4.272)Intercept

.43−0.79 (75)−4.741 (6.002)Condition

<.001−4.84 (124)−0.989 (0.204)Time

.800.26 (124)0.075 (0.288)Condition×time

Maternal Self-efficacy subscale (PSOCc)

<.00119.11 (75)23.015 (1.204)Intercept

.171.40 (75)2.366 (1.692)Condition

<.0014.19 (124)0.278 (0.066)Time

.31−1.03 (124)−0.096 (0.093)Condition×time

aTests were two-tailed.
bPSOC: Parenting Sense of Competence Scale.
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Table 8. Parameter estimates from growth models for MumMoodBooster versus face-to-face cognitive behavioral therapy (CBT).

P valuet testa (df)Parameter (SE)Outcomes and growth model parameters

Depressive symptoms

<.00118.93 (76)27.373 (1.446)Intercept

.81−0.24 (76)−0.491 (2.047)Condition

<.001−6.12 (126)−0.525 (0.086)Time

.001−3.39 (126)−0.418 (0.123)Condition×time

Anxiety symptoms

<.0018.64 (76)9.567 (1.108)Intercept

.37−0.90 (76)−1.419 (1.568)Condition

.002−3.17 (126)−0.182 (0.057)Time

.12−1.57 (126)−0.129 (0.082)Condition×time

Perceived stress

<.00115.46 (76)19.109 (1.236)Intercept

.620.50 (76)0.879 (1.750)Condition

<.001−3.96 (126)−0.252 (0.064)Time

<.001−3.73 (126)−0.341 (0.092)Condition×time

Marital functioning

<.00120.55 (76)20.074 (0.977)Intercept

.500.67 (76)0.932 (1.383)Condition

.940.08 (126)0.004 (0.044)Time

.131.52 (126)0.097 (0.064)Condition×time

CBT skills: behavioral activation

<.00119.79 (76)57.725 (2.917)Intercept

.50−0.68 (76)−2.800 (4.130)Condition

<.001−4.78 (126)−0.695 (0.145)Time

.690.40 (126)0.082 (0.207)Condition×time

CBT skills: negative thinking

<.00110.81 (76)46.395 (4.291)Intercept

.92−0.11 (76)−0.640 (6.073)Condition

<.001−4.58 (126)−0.935 (0.204)Time

.09−1.71 (126)−0.499 (0.293)Condition×time

Maternal self-efficacy subscale (PSOCb)

<.00122.03 (76)25.375 (1.152)Intercept

.55−0.61 (76)−0.987 (1.630)Condition

.0023.24 (126)0.188 (0.058)Time

.061.94 (126)0.162 (0.084)Condition×time

aTests were two-tailed.
bPSOC: Parenting Sense of Competence Scale.
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Table 9. Effect sizes (d) and significance levels for condition×time differences from mixed-effects growth modelsa.

MMB vs FTF-CBTFTF-CBTd vs TAUMMBb vs TAUcOutcome measures

P valuedP valuedP valued

.001e–0.98.410.25.01e–0.83Depressive symptoms

.12–0.38.88–0.03.05e–0.42Anxiety symptoms

<.001e–0.89.420.18.006e–0.73Perceived stress

.130.29.87–0.03.260.2Marital functioning

CBTf skills

.690.09.28–0.25.50–0.16Behavioral activation

.09–0.40.800.06.13–0.33Negative thinking

.060.47.31–0.27.360.24Maternal self-efficacy

aFor each comparison, the first group is the reference group.
bMMB: MumMoodBooster.
cTAU: treatment as usual.
dFTF-CBT: face-to-face cognitive behavioral therapy.
eSignificant effects at P<.05.
fCBT: cognitive behavioral therapy.

Use of Other Treatments
Of the 79.3% (92/116) of participants who responded to this
questionnaire, approximately 19% (6/32) of participants in the
TAU group and 6% (2/31) of participants in the FTF-CBT group
reported using depression medication. None of the MMB
participants reported using medication. Approximately 3%
(1/31) of women in the FTF-CBT group, 7% (2/29) of women
in the MMB group, and 6% (2/32) of women in the TAU group
reported having taken part in group therapy. Approximately
23% (7/31), 21% (6/29), and 13% (4/32) of women in the
FTF-CBT, MMB, and TAU conditions, respectively, reported
using self-help books, and 2 women each in the MMB and TAU
groups reported having used acupuncture or hypnotherapy.

Helpfulness and Satisfaction
Participants in the 2 active conditions (FTF-CBT and MMB)
rated the helpfulness of their treatment on a rating scale of 0 to
3. Compared with those in the MMB group (mean 2.31, SD
0.89), participant ratings in the FTF-CBT group (mean 2.84,
SD 0.38) were significantly higher (P=.02).

MMB participants rated the helpfulness of the coach calls an
average of 2.56 (SD 0.67) out of a possible 3 points. MMB
participants further rated their satisfaction (from 0 to 3) with
the following features of the internet program: mood tracking
(mean 2.06, SD 0.91), pleasant activities (mean 2.28, SD 0.85),
strategies to reduce negative thinking (mean 2.26, SD 1.03),
strategies to increase positive thinking (mean 2.19, SD 0.91),
partner support program (mean 1.19, SD 1.02), library articles
(mean 1.96, SD 1.04), and videos (mean 1.87, SD 1.07).

Discussion

Existing research confirms that PND can be successfully treated
by internet-delivered psychological interventions [51]. However,
no previously published study has made a direct comparison of

the efficacy of such interventions with traditional FTF treatment
in a clinically diagnosed population.

Principal Findings
In a sample of postpartum women, 92.2% (107/116) of whom
had a major depression diagnosis and were in the
moderate-to-severe range for depression symptoms on the
BDI-II, we found that the MMB internet-delivered treatment
program performed at least as well as FTF-CBT on remission
from a diagnosed depressive episode at 21 weeks. Moreover,
MMB was also significantly more effective than FTF-CBT in
reducing depression symptom severity and perceived stress over
time. Compared with TAU, MMB was significantly more
effective in reducing depression, anxiety, and perceived stress.
At follow-up, depression and anxiety symptom scores for MMB
participants were approximately 50% lower than those observed
in the FTF-CBT and TAU conditions.

These results are broadly consistent with the literature that
delivery of psychological treatments via the internet can be as
effective as traditional FTF approaches for treating depression
and anxiety [26-28,88,89]. Moderate-to-large effects are
generally reported [90], although it should be noted that in many
studies, waitlist controls and TAU are the typical comparators.
The findings also parallel the results from our previous RCT
[43], which showed a significantly larger reduction in depression
symptoms in the MMB condition compared with TAU.

The use of coaches as an adjunct to the MMB program may
have contributed to the relatively low attrition in this condition
and enhanced the effectiveness of the MMB program. This is
consistent with our previous trials of MMB [43,91] and with
current evidence suggesting that fully automated treatments can
be enhanced through support, whether guided by a technician
or therapist via phone, email, or SMS text messages [19,29,31].
For example, Karyotaki et al [92] conducted a meta-analysis of
a range of guided internet interventions for depression and found
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significantly better efficacy for guided interventions compared
with fully automated interventions. The current evidence base
confirms that self-guided interventions do produce benefits;
however, guided support seems to enhance the efficacy of many
internet interventions [25,27,93].

Strengths
This study has a number of strengths. First, this RCT produced
very similar effect sizes for reductions in depression and anxiety
symptoms and the rate of session attendance and program
adherence compared with those we observed in our 2 previous
trials of MMB [42,43]. In our earlier RCT [43], MMB produced
a 4-fold difference in remission compared with TAU as
measured at the 12-week follow-up. In this study, follow-up
occurred considerably later (at 21 weeks). Remission rates in
the MMB condition were still found to be similar to those in
our previous RCT [43] and superior to TAU, albeit with a
smaller between-group difference in depression remission rate
than at 12 weeks in the previous trial. This may indicate that
the gains made during the program were maintained over this
longer follow-up period. This difference between our previous
RCT (measured at 12 weeks) and in our current RCT (measured
at 21 weeks) is perhaps not unexpected, given that meta-analyses
suggest considerable spontaneous remission rates even in
untreated individuals over longer time frames [7].

Importantly, this research provides the first direct comparison
of internet-delivered psychological treatment for perinatal
depression with evidence-based FTF treatment. This was
achieved in a sample of women clinically diagnosed with
depressive disorders rather than in a sample of women with a
mix of subclinical symptoms assessed using screening tools as
in many existing studies.

Furthermore, the rate at which participants accessed other
treatments outside of those provided in the trial was low and
appeared similar in the 2 active treatment groups. However,
despite the higher use of other supports found in the TAU group,
the participants assigned to the MMB condition reported greater
reductions in depression and anxiety symptom scores.

Our use of a 3-arm RCT that included TAU and
intention-to-treat analyses gives us further confidence in
interpreting these results. As such, this study extends the
literature showing promising results from trials of internet-based
treatments for PND [50,51].

The FTF-CBT intervention was primarily provided by practicing
psychologists in the community, making the comparison as
close an approximation as possible to a real-world treatment
option. In Australia, FTF-CBT is 1 of the 2 main treatments
that postnatal women with depression are likely to be offered
(the other being antidepressant medication).

As our results showed that MMB was at least comparable with
traditional FTF-CBT in efficacy, its more widespread
implementation could potentially increase the reach of treatment
to benefit women with PND not currently accessing traditional
services because of geographic or social isolation or through a
preference for anonymous, nonclinical settings.

Limitations
The study has a number of limitations that should be noted,
some of which are common to most RCTs. Our observed
21-week outcomes may have reflected some cases in which
relapse occurred after treatment completion, perhaps in both of
the active treatments as well as some spontaneous recovery over
time in the TAU group. Participants in this study agreed to be
assigned to any of the 3 possible experimental conditions;
therefore, they may be a particular subset of the population and
not representative of postnatal women with depression as a
whole. It is possible that our study results may not generalize
to women who would have preferred to use only the internet
intervention (MMB) or alternatively only attend the clinic-based
FTF-CBT treatment. Furthermore, given the nature of the
intervention, the participants could not be blinded beyond the
point of treatment allocation. Finally, the limited sample size
was not sufficiently powered to examine subgroup differences
or the moderating effects of baseline participant characteristics.

Future Directions
Emerging evidence suggests that the COVID-19 pandemic is
seeing substantial increases in perinatal mental health difficulties
[94,95] concurrent with mandatory restrictions on population
movement. Therefore, access to FTF psychological services
may be problematic in many locations, and effective, accessible
internet interventions for perinatal depression are likely to be
highly relevant. There is increasing recognition that the impact
of real-world implementation of internet mental health
interventions and their cost-effectiveness [96] depends upon
how treatments are configured and integrated into the mental
health treatment landscape as a whole [97,98].

Various options for deploying digital delivery as part of a
blended or guided approach that combines clinical therapy or
counseling with internet program content show promise
[99-101], with relevance across a range of diagnoses [102].
Systematic reviews suggest that programs that combine
traditional and digital approaches can achieve clinically
meaningful effects on depression and anxiety outcomes [103],
and based on current evidence [96,104,105], it seems reasonable
to infer that internet CBT could also be a cost-effective
complement to the support provided to women with PND in
primary care. An important potential advantage is that internet
CBT can be commenced more or less immediately, with reduced
or no waiting time. This could facilitate very early intervention
if, for example, the intervention program were linked to routine
depression screening in the very early postpartum period.

Evaluation is also warranted for the stepped-care model or
adaptive treatment strategies for moderate depression and
anxiety symptoms that offer a standalone internet intervention
as an initial treatment option [106,107]. Future research is
needed to examine program effectiveness and implementation
scenarios associated with offering standalone internet PND
interventions that do not include human guidance. For example,
the scalability and sustainability of supported internet CBT
depend at least in part on the resources available to such
programs, so that unguided programs of comparable efficacy
may be a useful alternative in many service delivery contexts
[34]. Important questions also remain around issues such as
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patient adherence and the specific health care population from
which users of internet psychological interventions are drawn,
both in the real-world setting [108,109] and in efficacy RCTs
[110]. We found some evidence that session attendance in the
MMB condition may have been somewhat higher than in
FTF-CBT. Finally, variations of (or complements to) MMB
deserve additional research attention, including internet
depression treatment programs for pregnant women as well as
for new fathers who have so far been largely neglected.

Conclusions
The current trial replicated key findings of prior MMB studies,
providing further evidence that internet-delivered treatment for
postnatal women with depression is a viable treatment option.
These findings are broadly consistent with the notion that speed
of access, anonymity, and convenience may be specific
advantages of internet-delivered treatment for women who
prefer not to engage in traditional treatment modalities. Notably,
this study also provides empirical evidence that participants
assigned to the MMB condition report greater treatment gains
compared with those assigned to the TAU and FTF-CBT
conditions.
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Abstract

Background: The long-term management of irritable bowel syndrome (IBS) poses many challenges. In short-term studies,
eHealth interventions have been demonstrated to be safe and practical for at-home monitoring of the effects of probiotic treatments
and a diet low in fermentable oligosaccharides, disaccharides, monosaccharides, and polyols (FODMAPs). IBS has been linked
to alterations in the microbiota.

Objective: The aim of this study was to determine whether a web-based low-FODMAP diet (LFD) intervention and probiotic
treatment were equally good at reducing IBS symptoms, and whether the response to treatments could be explained by patients’
microbiota.

Methods: Adult IBS patients were enrolled in an open-label, randomized crossover trial (for nonresponders) with 1 year of
follow-up using the web application IBS Constant Care (IBS CC). Patients were recruited from the outpatient clinic at the
Department of Gastroenterology, North Zealand University Hospital, Denmark. Patients received either VSL#3 for 4 weeks (2
× 450 billion colony-forming units per day) or were placed on an LFD for 4 weeks. Patients responding to the LFD were
reintroduced to foods high in FODMAPs, and probiotic responders received treatments whenever they experienced a flare-up of
symptoms. Treatment response and symptom flare-ups were defined as a reduction or increase, respectively, of at least 50 points
on the IBS Severity Scoring System (IBS-SSS). Web-based ward rounds were performed daily by the study investigator. Fecal
microbiota were analyzed by shotgun metagenomic sequencing (at least 10 million 2 × 100 bp paired-end sequencing reads per
sample).

Results: A total of 34 IBS patients without comorbidities and 6 healthy controls were enrolled in the study. Taken from
participating subjects, 180 fecal samples were analyzed for their microbiota composition. Out of 21 IBS patients, 12 (57%)
responded to the LFD and 8 (38%) completed the reintroduction of FODMAPs. Out of 21 patients, 13 (62%) responded to their
first treatment of VSL#3 and 7 (33%) responded to multiple VSL#3 treatments. A median of 3 (IQR 2.25-3.75) probiotic treatments
were needed for sustained symptom control. LFD responders were reintroduced to a median of 14.50 (IQR 7.25-21.75)
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high-FODMAP items. No significant difference in the median reduction of IBS-SSS for LFD versus probiotic responders was
observed, where for LFD it was –126.50 (IQR –196.75 to –76.75) and for VSL#3 it was –130.00 (IQR –211.00 to –70.50; P>.99).
Responses to either of the two treatments were not able to be predicted using patients’ microbiota.

Conclusions: The web-based LFD intervention and probiotic treatment were equally efficacious in managing IBS symptoms.
The response to treatments could not be explained by the composition of the microbiota. The IBS CC web application was shown
to be practical, safe, and useful for clinical decision making in the long-term management of IBS. Although this study was
underpowered, findings from this study warrant further research in a larger sample of patients with IBS to confirm these long-term
outcomes.

Trial Registration: ClinicalTrials.gov NCT03586622; https://clinicaltrials.gov/ct2/show/NCT03586622

(J Med Internet Res 2021;23(12):e30291)   doi:10.2196/30291

KEYWORDS

irritable bowel syndrome; web-based low-FODMAP diet; probiotics; randomized trial; web-based; IBS; symptom management;
treatment outcomes; outcomes; treatment; microbiota; microbiome; gastroenterology; mobile app; mHealth; eHealth

Introduction

Irritable bowel syndrome (IBS) is a functional gastrointestinal
disorder that affects 10% to 20% of the population in
westernized countries [1]. The main gastrointestinal symptoms
include bloating, pain, diarrhea, constipation, and altered bowel
habits; psychological comorbidity is common with IBS, thereby
symptoms are often accompanied by coexisting conditions like
stress, anxiety, and depression that, together, greatly impact
patients’ quality of life (QoL) [1-3]. Studies have shown that
approximately 60% [4] of IBS onset is associated with
psychosocial stressors, and up to 32% [5] is associated with
prior acute gastroenteritis. The pathophysiology of IBS is not
fully understood, but some of the underlying mechanisms
include altered gastrointestinal motility, visceral
hypersensitivity, psychosocial disturbance, low-grade
inflammation, altered gut-brain function, and microbial
ecosystem dysbiosis [3,6].

Managing IBS continues to be challenging because of the
complexity of its chronicity, heterogeneous patient groups with
and without comorbidities, and a lack of both diagnostic tools
and well-documented treatment strategies for long-term
purposes. Treatment strategies for IBS range from lifestyle and
dietary advice to pharmacological solutions that generally target
only the primary symptom. Recently, holistic eHealth solutions
that monitor symptoms and support patients with digestive
diseases have proven valuable in involving and empowering
patients, and are used as an adjuvant to current treatment
regimens [7,8]. Ideally, an app for IBS would include dietary
education supported by clinical dieticians, since dietary triggers
are reported to be central to symptom generation in 50% to 84%
of patients with IBS [7,9].

An exclusionary diet low in fermentable oligosaccharides,
disaccharides, monosaccharides, and polyols (FODMAPs) has
proven effective in reducing gastrointestinal symptoms, in
particular abdominal pain, bloating, and diarrhea [10], with a
response rate between 50% and 80% among patients with IBS
[9]. In addition, a low-FODMAP diet (LFD) has been shown
by some studies to improve the disease course of IBS [11,12]
and inflammatory bowel disease (IBD) with IBS-like symptoms
[11]. A previous study has shown that short-term, web-based

management of IBS patients, while treating their symptoms
with LFD and probiotics, is practical and effective [13]. Yet,
the LFD has also been linked to a reduction in beneficial
gastrointestinal bacteria [14] and to compromise nutritional
intake, especially calcium [15]. Therefore, eventual
reintroduction of foods high in FODMAPs is essential in
long-term management [9].

The composition of gut microbiota differs between subgroups
of IBS patients and healthy individuals [16]. This fact, together
with an increasing awareness of the importance of a “healthy
gut” and the gastrointestinal microbiome, has led to growing
research, financial investment, and consumer interest in probiotic
treatments that may provide benefits to patients with IBS
[17,18]. Probiotic treatments are not currently included in
recommended treatment strategies for IBS, but in some
countries, national guidelines, such as those issued by NICE
(the National Institute for Health and Care Excellence) in the
United Kingdom [19], suggest that IBS patients could benefit
from probiotic treatments for alleviating symptoms. However,
the results for various probiotic solutions, as well as their dosing,
duration, and efficacy as a treatment for IBS, are inconclusive
[18,20,21]. Moreover, probiotic treatments do not seem to
sustain any of the microbial changes they induce after cessation
of treatment [22].

So far, no one has been able to fingerprint patients based on
their fecal microbial composition and tailor a particular
intervention for them individually [4].

The primary aim of this 1-year, web-based study was to
determine whether a 4-week probiotic treatment, VSL#3 (Actial
Farmaceutica Srl), and the LFD were equally as effective at
reducing IBS symptoms, and whether the response to either of
the two treatments could be explained by fecal microbiota. The
study’s secondary aims were to evaluate patients’ QoL, the
effect of multiple VSL#3 treatments in sustaining symptom
control across 1 year, and reintroduction of FODMAPs among
LFD responders, as well as to evaluate the web application IBS
Constant Care (IBS CC) [23] for its efficacy in long-term
clinical use.
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Methods

Participants
Adult IBS patients, 18 years or older, fulfilling the Rome III
criteria and subdiagnosed with either IBS-diarrhea (IBS-D) or
IBS–mixed type (IBS-M) by a gastroenterologist were
consecutively included in the study at North Zealand University
Hospital (August 23, 2018, to October 18, 2019). Patients were
excluded if they did not have a smartphone, had previously
undergone gastrointestinal surgery, had been diagnosed with
celiac disease or lactose intolerance, had been subdiagnosed
with constipation or unspecified IBS, were pregnant, followed
alternative diets, had a history of alcohol or drug abuse, had a
BMI below 18.5 or above 35 (calculated as weight in kg divided

by height in m2), had been diagnosed with any comorbidities
(eg, diabetes), had previously been on an LFD guided by a
dietician, had been on any probiotic or antibiotic treatment
within the 3 months prior to inclusion, or had an IBS severity
score lower than 175 at inclusion.

Healthy controls (HCs) older than 18 years, with a normal BMI
(18.5-25), fecal calprotectin (FC) less than 70 mg/kg, and not
taking daily medication or food supplements were recruited
internally from our institution.

The Ethical Committee of Denmark (H-16023499) and the
Danish Data Protection Agency (I-Suite No. 6262,
NOH-2018-002) approved this study. The study was registered
at ClinicalTrials.gov (NCT03586622; see Multimedia Appendix
1 for the CONSORT-EHEALTH checklist). All patients in the
study gave written informed consent prior to their inclusion.

Study Design and Protocol

Overview
This eHealth study was an open-label, randomized, crossover
trial (for nonresponders), with 1 year of follow-up (Figure 1).
HCs home-monitored their weight, QoL, and symptoms at four
points during the year using the IBS CC web application. These
measurements were then represented in a traffic light format to
the participants (see the Applications Used in the Study section
for a description). At inclusion, patients were trained, for
approximately 1 hour, in home monitoring of symptoms using
IBS CC, including inflammation measured via FC. FC was
measured using the CalproSmart app (Calpro AS). Patients were
instructed to home-monitor every week for at least 4 weeks
before randomization to either the LFD or probiotic treatment
group.

Figure 1. The 1-year design of this study. The IBS Constant Care (IBS CC) web application was used for home monitoring of symptoms and clinical
decision making. Treatments included 4 weeks of monitoring on IBS CC, followed by randomization to either a 4-week low-FODMAP diet (LFD) or
probiotic treatment (Prob; VSL#3, Actial Farmaceutica Srl). Responders (R) to the LFD would subsequently be reintroduced to foods higher in FODMAPs.
Responders to probiotic treatment would receive multiple treatments upon symptom flare-ups (ie, an increase in the IBS Severity Scoring System
[IBS-SSS] of more than 50 points). Response was defined as a decrease in IBS-SSS of at least 50 points. Nonresponders (NR) waited for a minimum
of 2 weeks wash-out before being crossed over (this is not shown in the figure). FODMAPs: fermentable oligosaccharides, disaccharides, monosaccharides,
and polyols; IBS: irritable bowel syndrome.

Patients randomized to the LFD group had a consultation at the
hospital with a nutritionist, who guided the patients individually
through the diet’s principles and how to monitor their symptoms
(see Multimedia Appendix 2 for home monitoring and screening
intervals). Patients randomized to the probiotic treatment group
were instructed on how to consume the sachets and
home-monitor using IBS CC during treatment (Multimedia
Appendix 2). After 4 weeks of either the LFD or probiotic

treatment, patients’ response to treatment was evaluated.
Response to treatment was defined as a reduction of at least 50
points in the IBS Severity Scoring System (IBS-SSS) [24]. If
patients responded to the LFD, they were scheduled for a
consultation on how to reintroduce high-FODMAP foods using
IBS CC (described in Multimedia Appendix 2). Patients were
instructed to resume a strict LFD for a few days when they
encountered any symptom flare-ups (ie, an increase of at least

J Med Internet Res 2021 | vol. 23 | iss. 12 | e30291 | p.389https://www.jmir.org/2021/12/e30291
(page number not for citation purposes)

Ankersen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


50 points in their IBS-SSS) during this reintroduction period
(Figure 1). If patients responded to probiotic treatment, they
were instructed to home-monitor their symptoms every week;
if or when they relapsed (ie, saw an increase of at least 50 points
in their IBS-SSS), they would receive another 4-week probiotic
treatment, and so on, until 1 year of follow-up had elapsed
(Figure 1). If patients did not respond to the initial treatment,
they were instructed to take a wash-out period of at least 2
weeks, all the while continuing to home-monitor on IBS CC,
and were subsequently crossed over. If patients did not respond
to either of the two treatments, they could still home-monitor
using IBS CC, following treatment advice from the outpatient
clinic at the Department of Gastroenterology, North Zealand
University Hospital. Web-based ward rounds were performed
daily by the study investigator, based on an electronic patient
list (green: inactive symptoms; yellow: mild to moderate
symptoms; or red: severe symptoms, according to the IBS-SSS).
Instructions to patients regarding how often they should monitor
themselves at home using the IBS CC web application are listed
in Multimedia Appendix 2, and email reminders (ie, “time to
home-monitor”) were sent to participants that accepted these.

Fecal Sampling
Participants (IBS and HCs) were trained at inclusion in
downloading the CalproSmart app and performing the FC home
test. Participants received FC kits, including pads, frame, and
tubes with buffer fluid, and were instructed to perform an FC
home test within the first 4 weeks of home monitoring and again
after 1 year of follow-up.

Participants were provided with easy sampler kits and were
instructed to either send fecal samples for microbiota analysis
via their general practitioner, or to store fecal samples in their
domestic freezer (–20 ◦C). Participants (IBS and HCs) delivered
their frozen fecal samples to the study investigator whenever
they had an on-site consultation at the hospital. All samples
were immediately frozen (–80 ◦C) upon receipt at the hospital.
Patients were instructed to store or send fecal samples at study
inclusion, at randomization, after 4 weeks of follow-up, and
after 1 year of follow-up. Patients responding to probiotic
treatment were further instructed to store samples every time
they received a new 4-week probiotic treatment, sampled before
and just after the treatment (Figure 1). HCs were instructed to
collect a fecal sample four times during the course of 1 year
and to store these samples in their domestic freezer. All fecal
samples were shipped on dry ice to the microbiome laboratory
in Germany.

Interventions

Low-FODMAP Diet and Reintroduction of
High-FODMAP Foods
One hour of dietary advice was provided on an individual basis
by an experienced dietician or nutritionist that took into account
the dietary history of each patient. Participants received guidance
for the LFD using the Danish Low FODMAP Diet app
(Muusmann Publisher), and were further instructed to measure
their QoL, weight, adherence to the diet, and any symptoms on
the IBS CC web application. In addition, participants also
received supplementary materials (prepared by the study

authors) on the LFD, with suggestions for LFD-friendly meals
and recipes (eg, bread and ice cream); these documents were
uploaded to each individual patient’s folder on IBS CC. Patients
were advised to significantly reduce their intake of foods high
in FODMAPs. Patients were advised only to consume foods
low in FODMAPs, which were labeled green in the Low
FODMAP Diet app; only two yellow-labeled foods, in small
quantities, were allowed per day for reluctant participants.

Responders in the LFD group were taught to reintroduce foods
high in FODMAPs using the food preference approach, all while
taking into account their usual, preferred diet (described in
Multimedia Appendix 2).

Probiotic Treatment
VSL#3, distributed by Ferring Inc in Europe, is a
high-concentration multi-strain probiotic mix containing one
strain of Streptococcus thermophilus BT01, three strains of
Bifidobacteria (B breve BB02; B animalis subspecies [subsp]
lactis BL03, previously identified as B longum BL03; and
Banimalis subsp lactis BI04, previously identified as B infantis
BI04), and four strains of Lactobacilli (L acidophilus BA05, L
plantarum BP06, L paracasei BP07, and L helveticus BD08,
previously identified as L delbrueckii subsp bulgaricus BD08).
VSL#3 contains no less than 450 billion colony-forming units
(CFU) per sachet. This formulation is sold as an
over-the-counter food supplement at pharmacies in Denmark
and by a variety of commercial websites.

VSL#3 sachets used in this study were provided by Actial
Farmaceutica Srl, Italy, with the following batch numbers:
804033 and 908081. VSL#3 was administered for 26 days
(approximately 4 weeks) for subjects allocated to the treatment
group. Patients were instructed to take one sachet twice daily
and store the sachets in the refrigerator. Patients were advised
not to consume VSL#3 together with any hot or carbonated
drinks. Side effects, if any, were registered throughout the study
period.

Measures

Applications Used in the Study
IBS CC has previously been used in other web-based studies
[13,25]. The updated and expanded version of IBS CC [23]
used in this study includes various patient-reported outcome
measures (PROMs), listed in Multimedia Appendix 2 and
described in detail below. Patient-reported satisfaction with the
current version of IBS CC was evaluated before randomization
and at 1-year follow-up. Participants gained access to IBS CC
via a log-in procedure that includes two-factor authentication.
IBS CC meets the requirements of the European Union’s
General Data Protection Regulation.

Participants made their FC measurements at home using the CE
(Conformité Européenne)–marked CalproSmart app. This home
test can be performed in 18 minutes and is integrated into the
IBS CC application, providing patients with an opportunity to
see FC and other measures, such as the IBS-SSS, the Bristol
Stool Chart (BSC), bowel movement frequency, weight and
BMI, and QoL, all longitudinally and in a traffic light form.
Two examples of a 1-year disease course, from a responder in
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the probiotic group and another in the LFD group, in IBS CC
are shown in Multimedia Appendix 2.

The Low FODMAP Diet app is available from the App Store
or Google Play and was provided free of charge to the patients
in this study. The app includes sections about IBS, the LFD,
recipes, grocery lists, a diary, and a module illustrating foods
in green, yellow, and red. This mobile app is not integrated with
IBS CC.

IBS Severity and Responder Definition
IBS severity was measured using the IBS-SSS [24]. This
questionnaire consists of five items (ie, distention, bowel habits,
interference with QoL, and two questions about abdominal pain)
that are to be rated from 0 to 100 on a visual analog scale (VAS),
with a total score ranging from 0 to 500. The IBS-SSS was made
available on IBS CC with permission from Mapi Research Trust,
Lyon, France. For ease of interpretation and patient involvement
with IBS CC, a score of 0 to 175 was classified as “symptom
remission and mild activity” (green), 175 to 300 as “moderate
activity” (yellow), and 300 or more as “severe activity” (red).
These cutoffs have been used in previous IBS web intervention
trials [13,25]. Responses to an intervention or a symptom
flare-up were defined as a change in IBS-SSS of at least 50
points [24].

Bristol Stool Chart and Bowel Movement Frequency
The BSC illustrates seven different stool types that represent
constipation (types 1 and 2), “normal” stools (types 3-5), and
diarrhea (types 6 and 7) [9]. Patients were instructed to assess
their stool type either daily or weekly, together with bowel
movement frequency, using the IBS CC web application. Results
were illustrated via IBS CC to the patients longitudinally, with
types 1 and 2 and types 6 and 7 in red, and “normal” stool types
in green.

Adherence to Treatments
The FODMAP Adherence Report Scale (FARS) and the Medical
Adherence Report Scale (MARS) measured adherence to the
diet and probiotic treatment, respectively. The FARS and the
MARS are self-assessment questionnaires consisting of five
questions that have been used previously in IBD web
intervention trials [26,27], one IBS study [11], and one IBD-IBS
retrospective study [11]. The total scores range from 0 to 25,
where 25 indicates maximum adherence. A score of 22 or higher
was considered as adherent and was indicated as green to the
patients in IBS CC.

Quality of Life
QoL was measured using the IBS-QoL questionnaire [28]
(courtesy of Mapi Research Trust, Lyon, France) via IBS CC.
The IBS-QoL questionnaire consists of 34 items, each with a
5-point response scale, resulting in a maximum score of 170.
Scores were transformed to a scale of 0 to 100, where scores of
0 to 49 were indicated with a red color and a score of 50 or
above was indicated in green, meaning a better QoL.

Disease Course Types
The Copenhagen disease course types describe four different
IBS disease courses:

• A: Mild IBS with indolent course
• B: Mild IBS with aggressive course
• C: Chronic IBS with continuous course
• D: Chronic IBS with intermittent course.

These IBS types have previously been used in IBS studies by
Maagaard et al [11] and Weynants et al [12]. Our patients were
instructed to choose the disease course type that best described
their course at inclusion and at 1-year follow-up. These measures
were accessible to the participants on IBS CC.

Other Measures Included in IBS CC
Patients also registered their weight in kilograms on a weekly
basis at home, and this measure was presented to patients
longitudinally, together with their BMI, in IBS CC. Patients
were instructed to use their bathroom scale, either in the morning
or evening, with or without clothes, as long as they did so
consistently throughout the study. The number of probiotic
treatments needed for sustaining symptom control and the time
between probiotic treatments (in days) were evaluated during
the course of 1 year for multiple responders. Participants
evaluated their satisfaction with IBS CC, including FC home
testing, before their randomization on a VAS from 1 to 10,
where 10 was the greatest possible satisfaction. Patient
satisfaction with the study and IBS CC at 1 year, including FC
home testing, was assessed using an e-questionnaire in IBS CC
that was prepared by the authors, consisting of nine “yes or no”
questions and two other questions: one regarding the time used
for home monitoring and the other asking for suggestions on
improving IBS CC for future clinical use. Clinical metadata
were exported from the IBS CC database for statistical analyses.

Microbiome Analysis
Fecal samples were analyzed by CeGaT GmbH in Tübingen,
Germany. The method used by CeGaT GmbH is based on
culture-independent, whole-genome, shotgun metagenomic,
next-generation sequencing. Genomic DNA was extracted from
the participants’fecal samples using CeGaT GmbH’s proprietary
protocol, including enzymatic cleavage of genomic DNA.
Approximately 100 ng of DNA was used per sample for library
preparation, which was performed with the Nextera DNA Flex
Library Prep Kit (Illumina). Sequencing was performed on the
NovaSeq 6000 Sequencing System (Illumina), which resulted
in at least 10 million 2 × 100 bp paired-end sequencing reads
(2 Gb) per sample. Demultiplexing of the sequencing reads was
performed with bcl2fastq Conversion Software (version 2.20;
Illumina) [29]. Adapters were trimmed with Skewer [30].
Taxonomic classification and sequence abundance were
estimated by Unseen Bio anpartsselskab, Greater Copenhagen,
using an in-house bioinformatics pipeline [31] consisting of
quality control with FastQC [32] and fastp [33], removal of
human DNA by mapping reads with Kraken 2 [34] to its human
library, and a summary using MultiQC [35]. The remaining
sequencing reads were then mapped to a human gut
microbiome-specific reference database, MGnify [36], with
Kraken 2 in order to estimate bacterial and archaeal sequence
abundance. Sequence abundance counts were then re-estimated
to the species level using Bracken [37].
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Statistical Analyses
Counts, means, medians, and IQRs were computed from the
PROMs. Wilcoxon rank-sum tests, Wilcoxon signed-rank tests
with continuity correction, or Dunn all-pair tests were performed
to compare medians. Analysis of sequence counts or reads and
visualization of results were performed in R (version 4.0.4; The
R Foundation). A list of R packages used in this study can be
found in Multimedia Appendix 2. Sequence counts were rarefied
to the smallest common value of 15 M using uniform sampling
without replacement from the phyloseq package [38]. Sequence
abundance was used as a proxy for taxonomic abundance. The
α and β diversity were assessed using the inverse Simpson index
[39] and Bray-Curtis dissimilarity [40], respectively. A P value
lower than .05 was considered significant. We used a uniform
manifold approximation and projection (UMAP) [41] technique
in order to visually inspect potential clustering of the Bray-Curtis
dissimilarity reduced to two dimensions. We estimated
differential sequence abundance using a β-binomial model
provided by the R package, corncob [42], with false discovery
rate (<0.1)–adjusted P values. Clinical outcomes were assessed
in a post hoc analysis by linear mixed-effect models [43].
Patients diagnosed with other diseases during the course of the
study were excluded from the analyses if the disease affected
their results; otherwise, they were included.

Results

Participants and Study Course
In total, 34 IBS patients were included in the study (Figure 2).
A total of 3 (9%) patients dropped out before randomization,
and an additional 9 (26%) IBS patients discontinued
participation during the course of the year. Reasons for
discontinuation were divorce or other stress-related events. In
total, 5 (15%) IBS patients were diagnosed with other diseases
during the study: 1 with microscopic colitis, 1 with
neuroendocrine tumor, 2 with bile acid malabsorption, and 1
with breast cancer; 4 of these completed the study. A total of 6
HCs were included, all of whom completed the 1-year study.
Baseline data of participants are shown in Table 1. The number
of IBS patients enrolled, randomizations to interventions, and
responders and nonresponders to interventions can be found in
Figure 2. Out of 21 patients, 12 responded to LFD (57%) and
8 (38%) completed the reintroduction to high-FODMAP foods.
Out of 21 patients, 13 (62%) responded to their first VSL#3
treatment and 7 (33%) responded to multiple VSL#3 treatments.
A total of 180 fecal samples (156 from IBS patients and 24 from
HCs) were analyzed. Out of 180 fecal samples, 7 (3.9%) were
removed from the metagenomic data set due to medical
treatments undergone by the participants (ie, antibiotics or
cholestyramine treatment). An additional 22 samples (12.2%)
were removed from the data set for analyses that excluded
patients diagnosed with other diseases during the study.

Figure 2. Flowchart of inclusion, individualized treatment response, and 1-year follow-up. Response to a 4-week probiotic treatment or LFD was
defined as a decrease in the IBS Severity Scoring System (IBS-SSS) of at least 50 points. *One patient did not manage to cross over to probiotic
treatment; however, this patient completed 1 year on the web application. This participant is labelled as "discontinued" in the figure. **Diagnosed with
another disease and treated medically in the outpatient clinic. FODMAPs: fermentable oligosaccharides, disaccharides, monosaccharides, and polyols;
IBS CC: IBS Constant Care.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e30291 | p.392https://www.jmir.org/2021/12/e30291
(page number not for citation purposes)

Ankersen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Characteristics of participants at inclusion and upon randomization.

At randomization

(week 4; n=31 patients)

Inclusion

(day 0; N=34 patients)

Characteristic

Irritable bowel syndrome (IBS) patients

IBS subtype, n (%)

15 (48)15 (44)Mixed

16 (52)19 (56)Diarrhea

Gender, n (%)

22 (71)23 (68)Female

9 (29)11 (32)Male

Smoking status, n (%)

18 (58)18 (52)Never

4 (13)4 (12)Current

9 (29)9 (26)Previous

0 (0)3 (9)Missing

Disease course type, n (%)

0 (0)0 (0)A (mild IBS with indolent course)

11 (36)11 (32)B (mild IBS with aggressive course)

16 (52)16 (47)C (chronic IBS with continuous course)

4 (13)4 (12)D (chronic IBS with intermittent course)

0 (0)3 (9)Missing

44 (26-50)44.5 (27.5-51.5)Age (years), median (IQR)

5 (2.5-15.0)5 (2.9-15.0)Patient-reported years with IBS, median (IQR)

23.6 (21.2-26.1)23.9 (21.9-26.4)BMIa, median (IQR)

53 (0-69)N/AbFecal calprotectin (FC; mg/kg), median (IQR)

292 (225-356)312 (243-370)IBS-SSSc score (0-500), median (IQR)

5 (3-6)5 (3-6)Bristol Stool Chart score (1-7), median (IQR)

2 (2-4)2 (1-5)Bowel movement frequency per day, median (IQR)

53 (38-80)54 (38-77)IBS-QoLd questionnaire score (0-100) , median (IQR)

8 (7-9)N/AEvaluation of IBS CCe, including FC home test (1-10)f, median (IQR)

Healthy controls (n=6)g

Gender, n (%)

N/A5 (83)Female

N/A1 (17)Male

N/A46 (30.8-58.5)Age (years), median (IQR)

N/A23.2 (20.8-25.1)BMI, median (IQR)

N/A13.5 (0.75-22.25)IBS-SSS score (0-500), median (IQR)

N/A4 (3.75-4.5)Bristol Stool Chart score (1-7), median (IQR)

N/A1.5 (1-2.25)Bowel movement frequency per day, median (IQR)

N/A0 (0-72.75)FC (mg/kg), median (IQR)

N/A100 (98.25-100)IBS-QoL questionnaire score (0-100), median (IQR)

aBMI is calculated as weight in kg divided by height in m2.
bN/A: not applicable; data were not collected for this characteristic at this time point.
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cIBS-SSS: IBS Severity Scoring System.
dIBS-QoL: IBS quality of life.
eIBS CC: IBS Constant Care.
fSatisfaction with the expanded IBS CC web application, including the FC home test, was evaluated by patients on a visual analog scale from 1 to 10,
where 10 indicates the greatest possible satisfaction.
gData for healthy controls were collected only at inclusion.

Treatment Duration and Effect Sizes of the LFD and
Probiotic Treatments Based on Response Types
The median time spent dieting by LFD responders (12/21, 57%)
was 36 days (IQR 28.00-41.25), and the median time spent for
reintroduction of high-FODMAP foods (8/21, 38%) was 296
days (IQR 227.00-305.75). For “true” responders (ie,
participants who responded to multiple probiotic treatments
[7/21, 33%]; see Figure 2), the median number of probiotic
treatments needed for maintaining symptom control during the
course of 1 year was 3 (IQR 2.25-3.75), and the median number
of days between probiotic treatments was 46.5 (IQR
26.25-65.75). Symptom remission (ie, an IBS-SSS lower than
175) was achieved by 8 out of 12 (67%) LFD responders and
5 out of 7 (71%) multiple probiotic responders, the latter
corresponding to 12 out of 19 (63%) VSL#3 treatments bringing
about symptom remission in probiotic responders.

As shown in Figure 3, A, significant decreases in IBS-SSS were
observed for LFD and probiotic responders relative to
nonresponders; both responder types were adherent to treatments
(Figure 3, D). However, no significant difference in effect size
between the two treatments was found; the median IBS-SSS
effect sizes were –126.50 (IQR –196.75 to –76.75) for LFD
responders and –130.00 (IQR –211.00 to –70.50) for probiotic
responders (P>.99). The corresponding changes in QoL among
LFD and probiotic responders was not significant compared to
nonresponders, nor were the median increases in QoL significant
between the two responder groups, which were 7 (IQR
2.75-14.20) for LFD responders and 3 (IQR 0-16.00) for
probiotic responders (P>.99). During reintroduction to
high-FODMAP foods, patients deviated significantly from the

principles of the LFD (Figure 3, D; P=.004), resulting in a small
but significant median increase in symptom severity relative to
the time period where they were on the LFD (Figure 3, A). In
median terms, probiotic responders experienced a significant
increase in symptom severity between active probiotic
treatments, which also resulted in a significant median decrease
in QoL (Figure 3, A and B). No significant changes in bowel
movements per day based on responder type were observed
(Figure 3, C). LFD and probiotic responders showed a tendency
of normalizing stool appearance to type 4 (Figure 3, E and F).
These results are generally substantiated by fitting linear
mixed-effect models of clinical metadata from the IBS CC
database (ie, not considering delta values alone) to estimate
effect sizes (eg, for responder groups). These post hoc models
of QoL showed that LFD responders saw significant increases
in their QoL while on the LFD (by an estimated 9.08), and even
more during reintroduction (13.48) relative to their baseline
QoL (an estimated 60.20). The model estimating the effect on
severity scoring showed significant decreases for all responder
types, including probiotic responders between active treatments.
Outputs from the linear mixed-effect models are shown in
Multimedia Appendix 2.

No significant changes in FC based on responder type were
registered between baseline and 1-year follow-up (Multimedia
Appendix 2). At baseline, none of the IBS patients reported an
indolent disease course type (ie, type A). At 1-year follow-up,
42% (5/12) and 43% (3/7) of the LFD and probiotic responders,
respectively, reported an indolent disease course type (ie, type
A). None of the nonresponders reported an indolent course at
1-year follow-up.
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Figure 3. Effect sizes for select patient-reported outcome measures based on responder types. LFD responders (LFD R, n=12); reintroduction (Re-Intro,
n=12); probiotic responders (Prob R, n=7; "true" responders; 19 treatments); in between active probiotic treatments (Prob CC, n=7; 18 between periods);
nonresponders (NR, n=4). A. Change in IBS-SSS. B. Change in IBS-QoL. C. Mean bowel movement frequency per day. D. Mean adherence for LFD
responders (FARS) and during reintroduction (FARS) and for probiotic responders (MARS). E and F. Change in Bristol Stool Chart scores, expressed
as percentages. FARS: FODMAP Adherence Report Scale; FODMAPs: fermentable oligosaccharides, disaccharides, monosaccharides, and polyols;
IBS: irritable bowel syndrome; IBS-SSS: IBS Severity Scoring System; LFD: low-FODMAP diet; MARS: Medical Adherence Report Scale; Prob:
probiotic treatment; Prob CC: in between probiotic treatments, where patients are only measuring on IBS Constant Care (IBS CC; ie, not receiving any
active treatments); QoL: quality of life; Re-Intro: resuming consumption of foods high in FODMAPs.
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Reintroduction of High-FODMAP Foods
A total of 8 out of 12 (67%) participants completed the process
of reintroducing high-FODMAP foods (Figure 2) and succeeded
in developing an individualized diet at 1-year follow-up. They
reintroduced a median of 14.50 (IQR 7.25-21.75)
high-FODMAP foods, of which they categorized a median of
7 (IQR 3-13) foods as green (ie, not symptom-triggering foods),
while they categorized 5 (IQR 4-8) foods as yellow and 2 (IQR
1-4) foods as red (ie, symptom-triggering foods). Common
among symptom-triggering foods were wheat and rye bread,
pasta, pointed cabbage, onion, garlic, leek, broccoli, green peas,
cauliflower, kidney beans, chickpeas, sweet potatoes, avocado,
mushrooms, apples, and apple juice.

Safety and Patient Satisfaction With IBS CC
No adverse events were registered for either intervention. The
evaluation at 1-year follow-up showed overall satisfaction with
the study, the support received during the study, and with IBS
CC itself (further details can be found in Multimedia Appendix
2). During the 1-year study period, originating from both the
personnel doing the daily web-based ward rounds and
participants (n=33, including HCs), 887 web consultations and
781 text messages were registered.

Healthy Controls
HCs did not receive any intervention during the study period
and were in IBS-SSS remission at inclusion and at 1-year
follow-up. No significant change was detected (median 13.5
[IQR 19.25] vs 15.5 [IQR 14.75], P=.79). They had high
IBS-QoL scores at inclusion and 1-year follow-up (median 100
[0.75] vs 100 [0.75], P>.99). The primary purpose for the
inclusion of HCs was to generate microbiome profiles that could
serve as a reference.

Basic Microbiota Descriptions in Relation to Diagnoses
and Responder Types
A total of 10 million reads per sample were matched with high
confidence to a median of 940 (IQR 18, range 821-1007)

microbial species per sample. Median α diversity (measured
by inverse Simpson index) was significantly greater for HCs
(n=6) than for IBS patients (n=31), with median values of 51.60
(IQR 23.5) and 42.10 (IQR 16.1), respectively (P=.03;
Multimedia Appendix 2). Across the entire study population,
the Bray-Curtis dissimilarity within individuals was a median
of 0.42 (IQR 0.14), and between individuals it was 0.72 (IQR
0.12; P<.001). There was also a significantly higher median of
intraindividual Bray-Curtis dissimilarity in IBS-D compared to
IBS-M patients (P=.03). UMAP plots based on IBS subtypes
and responder types are shown in Multimedia Appendix 2.
Those plots do not suggest any clusters, except for those given
by the individuals themselves. The importance of individuals
is also substantiated in the linear mixed-effect models estimating
the change in α diversity for responder types (Multimedia
Appendix 2). This model showed that approximately 24% of
the variance was explained by the random effect of the
individual and only 4% was explained by the fixed effect of
responder type. In the model, nonresponders to the LFD had a
lower inverse Simpson index that was close to significance
(P=.07). No significant changes in α diversity for probiotic
responders and nonresponders were found. Nonresponders to
both probiotics and LFD showed a significantly higher median
of intraindividual Bray-Curtis dissimilarity relative to probiotic
responders (P=.01; Multimedia Appendix 2).

Differential Analyses of Species Abundances Based on
Responder Types
No significant differential species abundances were found when
comparing nonresponders to LFD and probiotic responders.
Significant changes in relative species abundances induced by
interventions (ie, LFD, reintroduction, and probiotic treatment)
relative to baseline are shown in Figure 4 and further elaborated
on in Multimedia Appendix 3. The corresponding Kyoto
Encyclopedia of Genes and Genomes modules can be found in
Multimedia Appendix 4.
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Figure 4. Heat maps showing the 10 most differentially abundant species for low-FODMAP diet (LFD) comparisons (A) and the top five species for
the probiotic (Prob) comparisons (B). A. LFD responders (LFD R, n=12) and reintroduction (Re-Intro, n=8). B. Probiotic responders. First-time responders
(Prob First R) to treatment (Treat) and the time between active treatments (the period in between active probiotic treatment is abbreviated as CC; n=13).
Second-time treatment responders ("true" responders, Prob True R; n=7; 19 treatments). The values shown in the heat maps denote the expected difference
in the logit-transformed relative abundances between two samples from the groups being compared, controlling for the effect of individuals. The color
scale represents the false discovery rate (FDR) (<0.1)–adjusted P values. The scale ranges from red to yellow to blue. Yellow marks the P value .05.
All P values smaller than .05 tend toward red, and those larger than .05 tend toward blue. FODMAPs: fermentable oligosaccharides, disaccharides,
monosaccharides, and polyols.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e30291 | p.397https://www.jmir.org/2021/12/e30291
(page number not for citation purposes)

Ankersen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Discussion

Principal Findings
In this study, we have shown that the new and expanded IBS
CC web application for long-term management of IBS is
practical, safe, and useful in clinical decision making. This was
demonstrated by two year-long treatment interventions: the
LFD (with subsequent reintroduction of high-FODMAP foods
for LFD responders) and a probiotic treatment (repeated for 4
weeks every time a symptom flare-up occurred in probiotic
responders). These therapeutics were found to be equally good
at managing IBS symptoms in the short term and the long term.
We also investigated participants’ fecal microbiota, in order to
try to predict response to the interventions, in the hope of being
able to individualize future treatments for IBS; however, we
were unable to make these predictions. Due to the small sample
size of the study, larger ones are needed to confirm our results
and would, ideally, include other medical options for managing
IBS, especially for nonresponders to the LFD and probiotic
treatments.

Sample Size and the Effect of the Individuals
Although the prevalence of IBS is high in westernized countries
[1] such as Denmark, we were only able to include 34 out of an
estimated target of 104 patients. This was mainly due to a high
prevalence of comorbidities among eligible subjects that resulted
in our excluding 64% of them. The high prevalence of
comorbidities among eligible subjects is the topic of a newly
published Danish nationwide study reporting that two-thirds of
the Danish population, aged 16 years or older, suffer from one
or more chronic conditions [44]. Our aim in excluding
participants with multiple conditions, including other medical
treatments, was to collect untarnished data for microbial
analyses. The 5 patients with comorbidities or other diagnoses
did not appear to affect the clinical data from IBS CC, nor did
they affect the UMAP, inverse Simpson, or Bray-Curtis
measures. However, these 5 patients did affect the results for
the differential species abundance analyses based on responder
types, possibly due to (1) the comorbidities themselves or (2)
the fact that the individuals accounted for approximately 24%
of the variance in the metagenomic data set. We aimed for
including 104 IBS patients and 20 HCs. However, we did not
manage to include our target population due to a high rate of
co-morbidities among eligible subjects and implementation of
new regulation (GDPR) in Denmark (data approval of the study
took longer than expected).

Probiotic Treatment
The response rates, adherence, effect sizes of median reductions
in symptoms, and increases in QoL for probiotic and LFD
responders were similar (ie, not significantly different); however,
probiotic responders experienced a significant increase in
median symptom severity and a decrease in QoL in the times
between the 4-week probiotic treatments, as compared to the
effect obtained during active probiotic treatment. However, the
linear mixed-effect model estimated that probiotic “true”
responders sustained significant symptom control in between
their 4-week treatments relative to their first measure (ie, the
intercept). This is also partly explained by the study design,

which instructed probiotic responders to contact the study
investigator for a new 4-week probiotic treatment upon
experiencing a symptom flare-up (ie, an increase in their
IBS-SSS of at least 50 points). Sustaining IBS symptom control
in between active probiotic treatments has, to our knowledge,
not been investigated before among “true” responders. The
concept of sustaining symptom control among “true”
responders—with a median of three 4-week treatments across
the year-long study—and the timing of new probiotic treatments
using eHealth, require further investigation in larger, clinical
web-based trials. The high dose (2 × 450 billion CFU per day)
and short duration combination used in this study seems
reasonable, based on a meta-analysis that concluded that (1)
probiotics are effective and safe for IBS patients (moderate
evidence) and (2) single probiotics at a higher daily dose and
for a shorter duration (less than 8 weeks) seem to be more
efficacious (needs further evidence) [45]. Although the higher
dose and shorter duration were related to single-strain probiotics,
we have also documented the effect of multi-strain VSL#3.
Among the top five most differentially abundant bacterial
species found when comparing samples from probiotic
responders to their baseline samples, we identified four
species (ie, S thermophilus, L paracasei, L acidophilus, and B
animalis) that are representative of strains contained in the
VSL#3 mixture. Furthermore, all four species were completely
absent from baseline samples, which means that the consumption
of VSL#3 is the most plausible explanation for their presence.
Future long-term studies need to investigate whether it is safe
for patients to stop probiotic treatment after 4 weeks and to only
resume when symptom flare-ups occur. Abrupt suspension of
probiotics have been hypothesized to increase host pathogen
susceptibility by inducing gut dysbiosis [46].

LFD and Reintroduction of High-FODMAP Foods
Several key studies, meta-analyses, and reviews [10,47-50] have
investigated the effects of an LFD on symptom reduction and
changes in microbiota during an LFD [14,51-53]. Similar effect
sizes and response rates to those we found have also been
reported before [13,25,52]; however, the changes observed in
the microbiota profile induced by the LFD in this study are not
the same as reported in previous studies [14,51-53]. In one of
these studies, easing of FODMAP restrictions (ie, reintroduction
of foods high in FODMAPs) was recommended based on
microbiota results indicating a significant decrease in total
bacteria abundances, including significant changes in relative
abundances of Clostridium cluster XIVa (reduced), A
muciniphila (reduced), and R torques (increased) relative to a
normal Australian diet [14]. Others have shown that the LFD,
relative to sham diet advice, induces significant changes in the
relative abundances of Bifidobacterium (reduced), an
unclassified genus in the Ruminococcaceae family (reduced),
and Bacteroides (increased) [53]. The same authors, in other
papers, suggest that coadministration of probiotics with an LFD
can restore Bifidobacterium [52], or that a
β-Galactooligosaccharide supplement taken alongside the LFD
can improve IBS symptoms [54]. Our results suggest that the
LFD nonresponders tended to have reduced α diversity, as
measured by the inverse Simpson index, whereas responders
did not. Faecalibacterium prausnitzii, a commensal bacterium
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of the Ruminococcaceae family that produces short-chain fatty
acids (SCFAs) from dietary fiber [55], was significantly reduced
by the LFD and restored by the reintroduction of foods high in
FODMAPs. It should be noted in this context that it was
Faecalibacterium prausnitzii H that was significantly increased;
G, E, J, K, and I were decreased, while C and F were increased,
but none significantly so (Multimedia Appendix 3). The main
explanations for the discrepancies between studies investigating
the effects of an LFD on microbiota include, but are not limited
to, different DNA extraction protocols [56,57]; different storage
conditions [58]; different parameters and bioinformatic analyses,
including different comparisons “between groups” rather than
changes “within groups”; and use of different sequencing
methods [59].

Although significant median increases in symptoms were
observed during reintroduction of high-FODMAP foods, in this
study, and relative to the changes caused by the LFD, a post
hoc analysis (ie, a linear mixed-effect model based on clinical
metadata) suggests that sustained long-term symptom control
and improvement of QoL could be obtained relative to patients’
baseline. Sustained symptom control during reintroduction has
recently been documented by other researchers in Italy, who
concluded that the benefit of an LFD persisted during
reintroduction (after 3 months) and at 6 months follow-up [60].
Based on this study’s results, the combination of using a food
preference approach for reintroduction and eHealth seems fit
for long-term disease management. However, further eHealth
studies with larger cohorts are needed to confirm these results.

IBS and Web-Based Management
Other researchers have suggested that web-based and app-based
LFD and probiotic treatments may provide therapeutic benefits
[61] and should be more widely implemented for IBS
management [13]. This study supports these existing results
and recommendations and adds further evidence of using
eHealth for clinical decision making and long-term management.

However, it is our recommendation that future electronic-based
IBS management include valid and quick point-of-care measures
that can (1) predict response to treatments and (2) be correlated
to symptom severity scores, both of which can support the
patients and the personnel doing the daily web-based ward
rounds in tailoring treatments and guiding their supervision.
We were unable to predict response to treatments (ie, probiotic
treatment and LFD) based on the microbiota alone. Others have
also failed in this attempt in IBS using a different method (ie,
16S ribosomal RNA [rRNA] next-generation sequencing) than
the one we used [53]. It could be that predicting a response to
treatment and symptom activity would gain from larger cohorts
and more detailed analyses of the gut ecosystem (eg, including
other microbes, such as parasites [62]) and metabolites. A
promising, low-cost, and noninvasive measure for predicting
response to LFD and probiotic treatments in IBS patients is
currently under development by researchers at King’s College
London that examines volatile organic compounds (VOCs) in
feces (ie, VOC profiling) [63]; future evaluation of this method
will hopefully determine whether it has clinical utility. A final,
important aspect of research into long-term IBS management

is the exclusion of other gastrointestinal diseases and
comorbidities, as these frequently occur together [44]. A review
by Kim et al [64] reported that FC had the highest sensitivity
and specificity relative to IBD, whereas fecal SCFAs were most
accurate relative to HCs. In the present study, neuroendocrine
tumor showed itself with repeatedly elevated FC measures, but
this measure did not indicate bile acid malabsorption or
microscopic colitis. Future research might reveal new and valid
point-of-care markers for detection of other diseases, for
surveillance of IBS activity (ie, predictors for symptom relapse),
and for predicting responses to therapeutics, thereby helping us
tailor treatments and their timing, via improved surveillance,
for patients.

Strengths and Limitations
The strength of this study is its use of an updated and expanded
eHealth web application to monitor and treat IBS patients
according to their treatment response across 1 year of follow-up.
To our knowledge, this is the first eHealth trial to monitor the
effect, prospectively and longitudinally, of multiple probiotic
treatments and the LFD with subsequent reintroduction of foods
high in FODMAPs, and to compare responses to patients’
microbiota.

The main limitations of the study are its sample size and that it
is based on a single study center. Another limitation is the use
of the Rome III criteria rather than the Rome IV criteria for IBS
[65]. Furthermore, gut microbiota were analyzed using fecal
samples and metagenomic shotgun sequencing as a proxy. While
metagenomic, whole-genome shotgun sequencing allows for a
better genome resolution compared to 16S rRNA amplicon
sequencing, organisms that are extremely GC-rich or -poor will
be underrepresented [66]. Due to costs, samples were also
sequenced at a lower depth (an average of 20 M reads), which
limits the possibility of detecting microbes in very low
abundances. In order to analyze the microbiota, we used a
read-based mapping approach that is faster than metagenomic
genome assembly, avoids the many problems that can occur
during assembly, and provides full-genome information for
low-abundance microbes that cannot be assembled otherwise
[67]. However, this also meant that we could not capture the
specific capabilities of each microbe in a patient, encoded by
their particular genome. The in situ genome sequences likely
differ compared to our reference due to, for example, horizontal
gene transfer.

Conclusions
In conclusion, we have shown the IBS CC web application to
be practical, safe, and useful for clinical decision making in the
long-term management of IBS. A probiotic treatment, VSL#3,
and the LFD were equally efficacious in short- and long-term
treatment strategies for managing IBS. We failed to predict
response to treatments based on patients’ fecal microbiota,
which might someday help individualize treatments. To confirm
our results, larger studies are needed and would ideally combine
LFD and probiotic treatments or other medical options for
managing IBS, especially for nonresponders to the LFD and
probiotic treatments.
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UMAP: uniform manifold approximation and projection
VAS: visual analog scale
VOC: volatile organic compound
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Abstract

Background: There has been a cultural shift toward patient engagement in health, with a growing demand from patients to
access their results.

Objective: The Lymphoma Intervention (LIVE) trial is conducted to examine the impact of return of individual patient-reported
outcome (PRO) results and a web-based self-management intervention on psychological distress, self-management, satisfaction
with information, and health care use in a population-based setting.

Methods: Return of PRO results included comparison with age- and sex-matched peers and was built into the Patient-Reported
Outcomes Following Initial Treatment and Long-Term Evaluation of Survivorship registry. The self-management intervention
is an adaptation of a fully automated evidence-based intervention for breast cancer survivors. Patients with lymphoma who
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completed the web-based questionnaire were equally randomized to care as usual, return of PRO results, and return of PRO results
plus self-management intervention. Patients completed questionnaires 9 to 18 months after diagnosis (T0; n=227), 4 months (T1;
n=190), 12 months (T2; n=170), and 24 months (T3; n=98).

Results: Of all invited patients, 51.1% (456/892) responded and web-based participants (n=227) were randomly assigned to
care as usual (n=76), return of PRO results (n=74), or return of PRO results and access to Living with lymphoma (n=77). Return
of PRO results was viewed by 76.7% (115/150) of those with access. No statistically significant differences were observed for
psychological distress, self-management, satisfaction with information provision, and health care use between patients who
received PRO results and those who did not (P>.05). Use of the self-management intervention was low (2/76, 3%), and an effect
could therefore not be determined.

Conclusions: Return of individual PRO results seems to meet patients’ wishes but had no beneficial effects on patient outcome.
No negative effects were found when individual PRO results were disclosed, and the return of individual PRO results can therefore
be safely implemented in daily clinical practice.

Trial Registration: Netherlands Trial Register NTR5953; https://www.trialregister.nl/trial/5790

International Registered Report Identifier (IRRID): RR2-10.1186/s13063-017-1943-2

(J Med Internet Res 2021;23(12):e27886)   doi:10.2196/27886

KEYWORDS

lymphoma; patient-reported outcomes; return of individual results; randomized controlled trial; self-management

Introduction

Background
Patients with lymphoma are at risk of experiencing adverse
effects of cancer and its treatment, such as fatigue, cognitive
problems, and neuropathy [1-4]. In addition, up to a quarter
experience persistent levels of anxiety, depressive symptoms,
and fear [5], also known as psychological distress. Both
symptoms and psychological distress may be exacerbated when
information and supportive care are unavailable [6,7]. This may,
in turn, lead to increased health care use [8]. Regular screening
of physical and psychosocial symptoms using patient-reported
outcomes (PROs) could increase awareness and recognition of
symptoms and can contribute to their management [9-13].

Since the past decade, there has been a cultural shift toward
patient engagement in health, with a growing demand from
patients to access their individual results [14-17]. Returning
individual PRO results enables patients to monitor their
functioning and create awareness of symptoms. Furthermore,
it offers patients the opportunity to compare their scores with
peers [15] to evaluate if their scores are normal and to
incorporate this information into personal decision-making [16].
However, some clinicians have expressed reservations about
disclosing PRO research results to patients, as it may cause
patients to become more concerned and lead to increased health
care use by patients and higher workload for clinicians.
Therefore, it is important to investigate whether patients will
be in a better or worse condition with their PRO results being
disclosed and which patients wish to receive their PRO results.

To improve health outcomes, subsequent steps such as
self-management interventions are expected to be necessary in
addition to monitoring and returning PRO results [18].
Self-management interventions intend to enhance patients’
knowledge and skills and empower them to play an active role
in the management of their disease and its consequences [19,20].
Studies on the outcomes of self-management are mainly based
on patients with solid cancers and are not consistent, with some

randomized controlled trials (RCTs) showing no effects [21-23].
In addition, most self-management interventions are not
specifically aimed at patients with lymphoma and are found to
be effective among selected groups of patients. Little is known
about the effects of such interventions in a population-based
setting within an unselected group of patients.

Objectives
To investigate the effect of (1) return of individual PRO research
results, including comparison with peers [24], and (2) a
web-based self-management intervention Living with
lymphoma, the Lymphoma Intervention (LIVE) trial was
performed. The primary objective of the LIVE RCT was to
examine the effects of return of PRO results to patients with or
without access to Living with lymphoma on self-management,
satisfaction with information, and psychological distress in a
population-based setting of patients with lymphoma [24]. We
hypothesized that those with access to the return of PRO results
or access to LIVE would have higher levels of self-management
and satisfaction with information and lower levels of
psychological distress. On the basis of new insights that
psychologically distressed patients reported increased health
care use [8], we also investigated the effects of return of PRO
results to patients with or without access to Living with
lymphoma on health care use (secondary objective).
Furthermore, we explored sociodemographic, clinical, and
psychological differences between patients who viewed their
individual PRO results and those who did not.

Methods

Design and Participants
This RCT was embedded in the population-based
Patient-Reported Outcomes Following Initial Treatment and
Long-Term Evaluation of Survivorship (PROFILES) registry
[25]. PROFILES enables PRO data collection management and
links PRO data to clinical data from the Netherlands Cancer
Registry (NCR).
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Between October 2015 and February 2019, patients diagnosed
with lymphoma (Hodgkin lymphoma, non-Hodgkin lymphoma,
or chronic lymphocytic leukemia), as defined by the
International Classification of Diseases for Oncology-3 codes
[26], from 13 hospitals in the Netherlands were selected for
participation 9 to 18 months after diagnosis. The NCR registers
all newly diagnosed patients with cancer in the Netherlands
within the first year after diagnosis and routinely collects
detailed data on sociodemographic and clinical characteristics
(eg, age and sex, date of diagnosis, cancer type, and primary
treatment). Treating hemato-oncologists were asked to verify
the eligibility of the patients. As we aimed to keep a
population-based approach, we only defined a few exclusion
criteria, such as presence of severe psychopathology or
dementia, being in transition to terminal care, and not being
able to complete a Dutch questionnaire. Patients were informed
that completion of the web-based questionnaire resulted in RCT
enrollment with automatic randomization to 1 of the 3 study
arms. Paper respondents were not eligible for the RCT (as the
return of PRO results and Living with lymphoma were
web-based) and were observationally followed within the
PROFILES lymphoma registry. A reminder mail was sent after
3 weeks. Respondents received follow-up questionnaires at 4
months (T1), 12 months (T2), and 24 months (T3) after the
baseline questionnaire. More details about the study design,
enrollment, and sample size calculation have previously been
published in the research protocol [24]. The RCT was centrally
and locally approved by a medical research ethics committee
[24].

Randomization
Randomization was performed using block randomization to
ensure a balance in sample size across arms over time [27].
Participants were equally randomized to (1) care as usual
(CAU), (2) CAU plus return of PRO results, or (3) CAU plus
return of PRO results and Living with lymphoma.

Interventions Versus CAU

Arm 1: CAU
In arm 1, patients received CAU from their hemato-oncologists
and oncology nurses. In general, they provided verbal
information to their patients and provided leaflets regarding the
diagnosis and treatment they received.

Arm 2: Return of PRO Results
In arms 2 and 3, in addition to CAU, individual PRO research
results were disclosed to patients. This feedback was
automatically generated after the completion of the
questionnaire. On the basis of respect for autonomy, patients
had the choice as to whether they wanted to receive the results
[14] and could click on the feedback button for return of results.

Detailed information about the return of PRO results (also
known as PRO feedback) has been described elsewhere [15,24].
In short, individual research results on general health-related
quality of life (HRQoL), physical, emotional, cognitive, and
social functioning, fatigue, neuropathy, anxiety, and depressive
symptoms were returned to patients [24]. Individual scores were
integrated into graphical displays with colored bar charts

[28,29]. Patients had the opportunity to compare their scores to
mean scores of other patients with lymphoma and an age- and
sex-matched normative population without cancer [30] to
determine whether their scores were average or not. The colors
of the bar charts were related to clinically relevantly mean
differences of the evidence-based guidelines of the European
Organisation for Research and Treatment of Cancer Quality of
Life Questionnaire Organization [31] and considered average
(amber); above average (green); or below average (red). Patients
with above-average symptom scores were advised to contact
their general practitioner.

Arm 3: Return of PRO Results + Living With Lymphoma
In addition to the return of PRO results, patients in arm 3 had
access to a web-based self-management intervention—Living
with lymphoma. A detailed description of Living with
lymphoma has been described elsewhere [24]. Living with
lymphoma, an adaptation of the evidence-based BREATH
(Breast Cancer eHealth) intervention for breast cancer [32,33],
was based on psychoeducation and cognitive behavioral therapy
techniques to enhance patients’ knowledge and skills. The
intervention also included a library with background and
additional information on various subjects (eg, work, sexuality,
lifestyle) and reference to additional health care services (eg,
psychologists, physiotherapists). It was left to the discretion of
the patients how and to what extent they used the intervention.
The intervention was fully automated, nonguided, and delivered
without professional therapist support.

Measures

Sociodemographic and Clinical Measures
Sociodemographic characteristics (age and sex) and detailed
clinical information (date of diagnosis, cancer type, and primary
treatment) were obtained from the NCR. NCR data were
available for both RCT participants and nonparticipants.
Information on educational level and marital status was assessed
in the questionnaire (data only available for RCT participants).

Comorbidities at the time of questionnaire completion were
assessed using an adapted version of the Self-Administered
Comorbidity Questionnaire [34]. Patients were asked to identify
comorbidities present within the past 12 months—heart disease,
hypertension, arthritis, stroke, lung disease, diabetes, stomach
disease, kidney disease, liver disease, anemia, thyroid disease,
and rheumatoid arthritis. Positive responses were summed to a
total score ranging from 0 to 12 (data only available for RCT
participants).

Psychological Measures
Personality traits were assessed using the Big Five Inventory
[35], a 44-item inventory for measuring the Big Five personality
traits—neuroticism, extraversion, openness to experience,
agreeableness, and conscientiousness. Items are scored on a
5-point scale. Scale scores were obtained by averaging all items
for each trait and range from 0 to 5 [36].

The 40-item Mental Adjustment to Cancer scale was used to
assess adjustment to cancer in terms of coping strategies [37,38].
Items were grouped on five categories:
Helplessness/Hopelessness, Anxious Preoccupation, Fighting
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Spirit, Fatalism, and Avoidance. Each item is rated on a 4-point
scale. Scale scores were obtained by averaging all items of each
strategy and range from 1 to 4. Higher scores represent higher
endorsement of the coping strategy.

Health-related quality of life was assessed using the 30-item
Quality of Life Questionnaire from the European Organisation
for Research and Treatment of Cancer [39]. This questionnaire
includes five functional scales, three symptom scales, a global
health and quality of life scale, and several single-item symptom
measures. Items are scored on a 4-point Likert scale, except for
the global health and quality of life scale that is scored on a
7-point linear analog scale. After linear transformation, all scales
and single item measures range in score from 0 to 100. Higher
scores on functional and health and quality of life scales indicate
better functioning or HRQoL, whereas higher scores on
symptom scales indicate more complaints.

Self-management Skills
Self-management skills were assessed using the Health
Education Impact Questionnaire, which contains 40 items across
8 scales—positive and active engagement in life, health-directed
activities, skill and technique acquisition, constructive attitudes
and approaches, self-monitoring and insight, health service
navigation, social integration and support, and emotional distress
[40]. Each item was scored on a 4-point scale. Scale scores were
obtained by averaging all items of each domain and ranged from
1 to 4. Higher scores indicate better status or self-management,
except for emotional distress, in which higher scores indicate
higher distress [40].

Satisfaction With Information Provision
Satisfaction with overall information provision was assessed
using an adapted version of the 9-item Information Satisfaction
Questionnaire [41]. Patients were also asked to rate their level
of satisfaction with overall information on a scale that ranged
from 1 (“very unsatisfied”) to 5 (“very satisfied”). In addition,
information on patient information preferences was available.
Patients were asked to categorize themselves into those who
would like (1) all available information, (2) only positive
information, and (3) only limited information about their disease.
Finally, patients had to categorize themselves into those who
would like (1) to be involved in the decision-making process
about their disease, or (2) the physician to make the decisions.

Psychological Distress
Psychological distress was assessed using the 14-item Hospital
Anxiety and Depression Scale [42]. Each item was rated on a

4-point scale ranging from 0 to 3. The sum score was obtained
by adding all item scores and ranged from 0 to 42. Higher scores
indicated higher levels of psychological distress [43]. Patients
with a Hospital Anxiety and Depression Scale sum score ≥13
were categorized as psychologically distressed [44].

Health Care Use
Two open questions were asked to assess health care use: (1)
“How often did you contact a general practitioner in the past
12 months?” and (2) “How often did you visit a medical
specialist in the past 12 months?”

Statistical Analyses

Overview
Sociodemographic and clinical characteristics between the three
arms were compared using univariable analyses of variance and
chi-square tests. If at least half of the items from a subscale
were completed, the missing items were replaced by the average
of those that were present for the participant.

To model between-group differences in change from baseline
(T0) to follow-up (T1-T3), mixed-effects models were used
with an unstructured covariance structure and a restricted
maximum likelihood solution [45]. A random intercept at the
patient level was included to adjust for interdependency between
repeated measures. The CAU-arm (arm 1) was assigned as the
reference group. The P value for overall model effects was set
at .05, and for specific contrasts at .01, lowering the risk of type
I errors as a result of multiple testing. In the iterative process
of variable selection, a priori selected covariates (age, sex,
cancer type, and treatment) were removed from the model as
they were nonsignificant and had no confounders. However, as
those in the CAU arm seemed to be somewhat more often
psychologically distressed (17/77, 22%) than patients in the
return of results arm (9/74, 12%) and the arm with return of
results and access to Living with lymphoma (8/76, 11%; P=.10;
Table 1), we considered psychological distress as a confounding
factor and adjusted for baseline psychological distress in
analyses (when psychological distress was not the outcome
variable). Group differences in mean change scores from
baseline to follow-up were accompanied by Cohen effect size
(ES). Cohen ES was calculated by dividing the difference in
mean change scores between the control and intervention groups
by the pooled baseline SD. An ES of 0.20 was considered small,
0.50 moderate, and 0.80 large [44,46]. All analyses were
conducted on an intention-to-treat basis. All statistical analyses
were performed using SAS version 9.4.
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Table 1. Baseline characteristics of participants according to randomized controlled trial (RCT) arm and of nonparticipants.

P valued
Nonparticipants
(n=666)

Total RCT partic-
ipants (n=227)P valuec

Return of PRO re-
sults + living with
lymphoma (n=76)

Return of

PROb results
(n=74)

CAUa

(n=77)

Sociodemographic characteristics

<.00165.3 (15.7)60.7 (13.4).8360.8 (14.0)60.0 (13.4)61.3 (12.9)Age at time of questionnaire
(years), mean (SD)

<.001.73Sex, n (%)

377 (56.6)161 (70.9)53 (69.7)55 (74.3)53 (68.8)Male

289 (43.4)66 (29.1)23 (30.3)19 (25.7)24 (31.2)Female

—g.71Educational levele, n (%)

N/Af6 (2.6)3 (3.9)2 (2.7)1 (1.3)Low

N/A106 (46.7)35 (46.1)38 (51.4)33 (42.9)Medium

N/A114 (50.2)38 (50)34 (45.9)42 (54.5)High

—N/A190 (83.7).4663 (82.9)65 (87.8)62 (80.5)Partner (yes), n (%)

Clinical characteristics

.8014.0 (3.5)14.0 (3.2).9413.9 (3.0)14.0 (3.6)14.0 (3.1)Months since diagnosis: mean
(SD)

Cancer type, n (%)

.9575 (11.3)27 (11.9).999 (11.8)8 (10.8)10 (12.9)Hodgkin lymphoma

359 (53.9)125 (55.1)42 (55.3)41 (55.4)41 (53.2)NHL-HGh

169 (25.4)56 (24.7)19 (25)19 (25.7)18 (23.4)NHL-LGi

63 (9.5)19 (8.4)6 (7.9)6 (8.1)8 (10.4)CLLj

.13.10Primary treatment, n (%)

199 (28.5)53 (23.3)12 (15.8)18 (24.3)23 (29.9)Active surveillance

458 (68.8)172 (75.8)64 (84.2)56 (75.7)52 (67.5)Received active treatment

357 (54)137 (60.4)54 (71.1)46 (62.2)37 (48.1)Chemotherapy

60 (8.1)12 (5.3)3 (3.9)4 (5.4)5 (6.5)Radiotherapy

4 (0.6)14 (6.2)3 (3.9)3 (4.1)8 (10.4)Stem cell transplantation

37 (5.6)9 (3.9)4 (5.3)3 (4.1)2 (2.6)Other

.30.81Ann Arbor stage

112 (16.8)29 (12.8)15 (19.7)8 (10.8)6 (7.8)Stage I, n (%)

95 (14.3)36 (15.8)15 (19.7)13 (17.6)8 (10.4)Stage II, n (%)

97 (14.6)30 (13.2)10 (13.2)9 (12.2)11 (14.3)Stage III, n (%)

194 (29.1)86 (37.9)26 (34.2)30 (40.5)30 (38.9)Stage IV, n (%)

168 (25.2)46 (20.3)10 (13.2)14 (18.9)22 (28.6)Not determined (CLL) or
missing, n (%)

N/A1.1 (1.1).221.0 (1.0)1.2 (1.1)1.3 (1.2)Number of self-reported
comorbidities: mean (SD)

Psychological characteristics, n (%)

—N/A34 (14.9).098 (10.5)9 (12.2)17 (22.1)Psychological distress

aCAU: care as usual.
bPRO: patient-reported outcome.
cReports comparisons between the intervention arms and the care as usual arm.
dReports comparisons between randomized controlled trial participants and nonparticipants.
eEducation levels were low=none or primary school; medium=lower general secondary education or vocational training; or high=preuniversity education
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or high-level vocational training or university.
fN/A: not applicable.
gNot available.
hNHL-HG: high-grade non-Hodgkin lymphoma.
iNHL-LG: low-grade non-Hodgkin lymphoma.
jCLL: chronic lymphocytic leukemia.

Power Calculation
With more than 74 participants per study arm, the study had
90% power to detect an ES of 0.50 with a two-tailed P value
set at .05 [47].

Results

Baseline Characteristics of RCT Participants
In total, 1193 patients were selected from the NCR and 892
patients were invited to participate. Of these, 51.1% (456/892)
participated, of which 25.7% (229/892) were excluded for the
RCT as they completed the questionnaire on paper (CONSORT
[Consolidated Standards of Reporting Trials] diagram; Figure
1).

Overall, 25.4% (227/892) completed the web-based
questionnaire and were included in the RCT. They were
randomly assigned to CAU (control group; n=76), return of
PRO results (n=74), or return of PRO results and access to

Living with lymphoma (n=77). Completion rates of follow-up
questionnaires were 84.1% (191/227) on T1, 74.9% (143/191)
on T2, and 68.5% (98/143) on T3, and did not differ
significantly among groups.

Those who declined participation or completed the questionnaire
on paper were analyzed as nonparticipants in this study. All
participants provided written informed consent.

RCT participants were younger than nonparticipants (60.7 vs
65.3 years; P<.001), and more often men (161/227, 70.9% vs
377/666, 56.6%; P<.001). RCT participants were on average
14.0 months after diagnosis (SD 3.2 months). The majority of
RCT participants had a partner (190/227, 83.7%). Of the RCT
participants, 75.8% (172/227) received active treatment, mostly
chemotherapy (137/227, 60.4%), whereas 23.3% (53/227) were
on active surveillance. The majority of patients had Ann Arbor
stage IV disease at the time of diagnosis. Other baseline
sociodemographic and clinical characteristics did not differ
across groups (Table 1).
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of the progress of the patients with lymphoma through the phases of
the Lymphoma Intervention (LIVE) trial. CAU: care as usual (control group); NCR: Netherlands Cancer Registry; PRO: patient-reported outcome.

The Living With Lymphoma Self-management
Intervention
The use of self-management intervention was very low (3/76,
4%). Therefore, the effects of Living with lymphoma could not
be determined within this RCT and were not included in the
results. The analyses were performed with the three original
RCT arms to maintain a power of 90%.

As we observed that adherence to Living with lymphoma
intervention was very low one year after starting patient
inclusion, research assistants sent an email for inquiry. A random
sample of 5 patients who had access to the intervention and
signed up were asked to respond without any obligation and
were asked for their reasons for nonadherence. Two patients
responded that they felt well and still had regular appointments

with their hematologist, and therefore were not in need of an
intervention:

In the first place, I feel very well, both physically and
mentally. Secondly, I have regular appointments with
my treating haematologist. Furthermore, I do not
always want to be confronted with my disease. [Male,
79 years]

I am not really concerned about the fact that I have
had cancer. I am in remission for one year now, and
that is how I feel. Every three months, I still have
checkup appointments, but other than that I live my
life the way I did before I had cancer. I feel fine, I
have no limitations, and therefore I do not need
information about a disease from the past. [Male, 54
years]
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Return of Individual PRO Results
No statistically significant differences were observed for
psychological distress, self-management subscales, and
satisfaction with information provision between patients who

received their individual PRO results and those who did not
(Table 2). In addition, the return of PRO results did not have a
significant effect on health care use. As no significant overall
group-by-time interaction was found for the outcome variables,
we were not allowed to explore specific contrasts.
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Table 2. Between-group differences in mean change from baseline to follow-up.

Between-group
difference, T0-T3

Between-group
difference, T0-T2

Between-group
difference, T0-T1

T3T2T1T0

P value

Value,
mean
change
(SE)P value

Value,
mean
change
(SE)P value

Value,
mean
change
(SE)

Value,
mean
(SD)n

Value,
mean
(SD)n

Value,
mean
(SD)n

Value,
mean
(SD)n

Psychological distress (HADSa total; P=.94b)

N/AN/AN/AN/AN/AN/Ad6.94
(6.70)

346.06
(6.09)

546.98
(7.48)

627.03
(7.10)

77CAUc

.42–0.71
(0.88)

.770.20
(0.71)

.960.04
(0.68)

7.11
(8.26)

286.18
(5.61)

536.43
(6.21)

606.59
(5.26)

74Return of PROe

results

.30–0.87
(0.83)

.860.12
(0.69)

.980.02
(0.67)

5.34
(5.78)

355.68
(5.62)

595.78
(4.99)

645.75
(5.04)

76Return of PRO
results + Living
with lymphoma

Self-management skills (HeiQ positive and active engagement in lifef; P=.52b)

N/AN/AN/AN/AN/AN/A3.16
(0.48)

343.25
(0.49)

533.15
(0.52)

623.16
(0.52)

76CAU

.66–0.04
(0.09)

.12–0.11
(0.07)

.810.02
(0.07)

3.17
(0.65)

293.23
(0.51)

532.23
(0.50)

623.22
(0.46)

74Return of PRO
results

.820.02
(0.09)

.33–0.07
(0.07)

.340.07
(0.07)

3.24
(0.41)

353.22
(0.48)

593.26
(0.52)

643.22
(0.44)

76Return of PRO
results + Living
with lymphoma

HeiQ health-directed behavior (P=.80b)

N/AN/AN/AN/AN/AN/A3.16
(0.57)

343.35
(0.64)

553.28
(0.56)

623.34
(0.62)

77CAU

.190.15
(0.11)

.690.00
(0.09)

.330.08
(0.09)

3.19
(0.47)

293.28
(0.49)

533.29
(0.59)

623.27
(0.53)

74Return of PRO
results

.280.12
(0.11)

.970.04
(0.09)

.270.09
(0.09)

3.21
(0.66)

353.26
(0.63)

593.23
(0.65)

643.22
(0.58)

76Return of PRO
results + Living
with lymphoma

HeiQ skill and technique acquisition (P=.90b)

N/AN/AN/AN/AN/AN/A3.05
(0.45)

343.02
(0.49)

532.97
(0.46)

622.94
(0.53)

76CAU

.960.00
(0.10)

.97–0.00
(0.08)

.880.01
(0.08)

3.04
(0.55)

293.05
(0.49)

532.98
(0.43)

612.94
(0.44)

74Return of PRO
results

.22–0.11
(0.09)

.50–0.05
(0.08)

.53-0.05
(0.07)

2.94
(0.40)

352.98
(0.47)

582.95
(0.50)

642.97
(0.53)

76Return of PRO
results + Living
with lymphoma

HeiQ constructive attitudes and approaches (P=.36b)

N/AN/AN/AN/AN/AN/A3.29
(0.47)

343.31
(0.50)

553.16
(0.51)

623.26
(0.52)

76CAU

.730.03
(0.09)

.93–0.01
(0.07)

.060.13
(0.07)

3.26
(0.60)

293.35
(0.44)

533.30
(0.49)

613.27
(0.51)

74Return of PRO
results

.52–0.06
(0.09)

.41–0.06
(0.07)

.280.07
(0.07)

3.34
(0.44)

353.31
(0.45)

583.30
(0.49)

643.33
(0.43)

76Return of PRO
results + Living
with lymphoma

HeiQ self-monitoring and insight (P=.82b)

N/AN/AN/AN/AN/AN/A3.04
(0.53)

343.15
(0.40)

553.17
(0.32)

623.08
(0.45)

77CAU

.310.09
(0.09)

.78–0.02
(0.07)

.360.06
(0.07)

3.14
(0.35)

293.13
(0.42)

533.11
(0.40)

623.05
(0.39)

74Return of PRO
results
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Between-group
difference, T0-T3

Between-group
difference, T0-T2

Between-group
difference, T0-T1

T3T2T1T0

P value

Value,
mean
change
(SE)P value

Value,
mean
change
(SE)P value

Value,
mean
change
(SE)

Value,
mean
(SD)n

Value,
mean
(SD)n

Value,
mean
(SD)n

Value,
mean
(SD)n

.330.08
(0.08)

.750.02
(0.07)

.300.07
(0.07)

3.05
(0.40)

353.11
(0.39)

593.05
(0.38)

643.00
(0.42)

76Return of PRO
results + Living
with lymphoma

HeiQ health services navigation (P=.26b)

N/AN/AN/AN/AN/AN/A3.29
(0.42)

343.30
(0.47)

553.22
(0.44)

623.30
(0.45)

76CAU

.610.04
(0.08)

.300.07
(0.07)

.350.06
(0.06)

3.33
(0.44)

293.38
(0.43)

533.26
(0.40)

613.28
(0.39)

74Return of PRO
results

.11–0.13
(0.08)

.750.02
(0.07)

.400.05
(0.06)

3.15
(0.36)

353.22
(0.41)

583.19
(0.50)

643.22
(0.49)

76Return of PRO
results + Living
with lymphoma

HeiQ social integration and support (P=.68b)

N/AN/AN/AN/AN/AN/A3.13
(0.50)

343.12
(0.51)

553.07
(0.54)

623.15
(0.57)

76CAU

.650.04
(0.090)

.820.02
(0.07)

.380.06
(0.07)

3.16
(0.41)

293.15
(0.47)

533.13
(0.50)

613.12
(0.46)

74Return of PRO
results

.33–0.08
(0.09)

.76-0.02
(0.07)

.380.06
(0.07)

3.19
(0.38)

353.16
(0.49)

583.20
(0.46)

643.22
(0.47)

76Return of PRO
results + Living
with lymphoma

HeiQ emotional wellbeing (P=.90b)

N/AN/AN/AN/AN/AN/A1.80
(0.50)

341.72
(0.55)

551.88
(0.65)

621.82
(0.62)

76CAU

.81–0.02
(0.10)

.760.02
(0.08)

.45–0.06
(0.07)

1.88
(0.68)

291.73
(0.53)

531.82
(0.53)

621.83
(0.52)

74Return of PRO
results

.36–0.08
(0.09)

.820.02
(0.08)

.53–0.05
(0.07)

1.64
(0.53)

351.65
(0.49)

591.72
(0.51)

641.71
(0.48)

76Return of PRO
results + Living
with lymphoma

Satisfaction with information provision (ISFg total information provision; P=.66b)

N/AN/AN/AN/AN/AN/A3.85
(0.82)

343.88
(0.76)

573.73
(0.79)

633.86
(0.78)

76CAU

.97–0.01
(0.16)

.440.10
(0.13)

.140.19
(0.13)

3.79
(0.79)

284.02
(0.57)

533.95
(0.71)

623.91
(0.72)

74Return of PRO
results

.920.02
(0.15)

.85–0.02
(0.13)

.88–0.02
(0.12)

3.80
(0.68)

353.80
(0.76)

593.68
(0.94)

653.86
(0.80)

76Return of PRO
results + Living
with lymphoma

Health care use (contacts with general practitioner in past 12 months; P=.17b)

N/AN/AN/AN/AN/AN/A3.38
(3.09)

343.63
(4.51)

573.16
(2.57)

634.70
(3.92)

74CAU

.730.29
(0.85)

.83–0.15
(0.69)

.111.04
(0.66)

4.90
(6.21)

293.68
(5.27)

534.40
(4.97)

624.78
(4.17)

74Return of PRO
results

.08–1.45
(0.82)

.15–0.97
(0.68)

.81–0.16
(0.65)

2.57
(3.00)

353.17
(3.24)

593.34
(3.25)

654.89
(4.32)

76Return of PRO
results + Living
with lymphoma

Contacts with medical specialist in past 12 months (P=.80b)

N/AN/AN/AN/AN/AN/A5.44
(4.54)

346.66
(5.92)

567.00
(4.12)

6310.09
(6.27)

76CAU
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Between-group
difference, T0-T3

Between-group
difference, T0-T2

Between-group
difference, T0-T1

T3T2T1T0

P value

Value,
mean
change
(SE)P value

Value,
mean
change
(SE)P value

Value,
mean
change
(SE)

Value,
mean
(SD)n

Value,
mean
(SD)n

Value,
mean
(SD)n

Value,
mean
(SD)n

.26–1.59
(1.41)

.30–1.20
(1.15)

.77–0.33
(1.10)

5.21
(5.84)

295.70
(5.54)

536.70
(4.73)

6110.42
(6.72)

74Return of PRO
results

.26–1.52
(1.36)

.35–1.05
(1.14)

.870.18
(1.10)

5.26
(6.34)

355.97
(3.79)

587.30
(5.43)

6310.46
(7.18)

74Return of PRO
results + Living
with lymphoma

aHADS: Hospital Anxiety and Depression Scale (psychological distress subscale range, 0-42, with higher scores indicating more psychological distress).
bP value of the overall time-by-group interaction.
cCAU: care as usual (control group; reference category).
dN/A: not applicable.
ePRO: patient-reported outcome (T0, baseline assessment; T1, short-term follow-up assessment at 4 months postrandomization; T2, follow-up assessment
at 12 months postrandomization; T3, follow-up assessment at 24 months postrandomization).
fHeiQ: Health Education Impact Questionnaire (self-management ability subscales range, 0-4, with higher scores indicating higher levels of
self-management ability).
gISF: Information Satisfaction Questionnaire (information satisfaction subscale range, 0-5, with higher scores indicating more satisfaction with perceived
information).

Of the 150 patients who were randomized to arm 2 or 3 and had
access to individual PRO results, 115 (76.7%) patients viewed
their PRO results. The majority (79/115, 68.7%) viewed their
PRO results more than once, and 16% (13/79) viewed it more
than 5 times.

Patients with lymphoma who viewed their PRO results were
more recently diagnosed (13.6 vs 15.0 months; P=.03), had a
more conscientious personality (3.8 vs 3.6; P=.01), and had a
less fatalistic coping style than those who did not (2.1 vs 2.2;

P=.02; Table 3). In addition, patients who did view their PRO
results more often wished to receive all available information
about the disease compared with those who did not (68/115,
59.1% vs 10/35, 29%; P=.004).

Of those who viewed the PRO results, 91.3% (105/115) wished
to compare their individual results to other patients with
lymphoma and 80.8% (93/115) to a normative population
without cancer. Only 7.8% (9/115) solely wanted to view their
individual results.
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Table 3. Baseline characteristics of patients who viewed their individual patient-reported outcome (PRO) results and those who did not.

P valuea
Those who did not view their PRO re-
sults (N=35)

Those who viewed their PRO results
(N=115)

Sociodemographic characteristics

.6461.4 (14.0)60.1 (13.6)Age at time of questionnaire (years), mean (SD)

.93Sex, n (%)

25 (71.4)83 (72.2)Male

10 (28.6)32 (27.8)Female

.16Educational levelb, n (%)

1 (2.9)4 (3.5)Low

22 (62.9)51 (44.3)Medium

12 (34.3)60 (52.2)High

.128 (22.9)14 (12.2)Partner (yes), n (%)

Clinical characteristics

.0315.0 (3.3)13.6 (3.3)Months since diagnosis, mean (SD)

.21Cancer type, n (%)

7 (20)10 (8.7)Hodgkin lymphoma

16 (45.7)67 (58.3)NHL-HGc

8 (22.9)30 (26.1)NHL-LGd

4 (11.4)8 (6.9)CLLe

.63Treatment, n (%)

29 (82.9)91 (79.1)Active treatment received

6 (17.1)24 (20.9)Active surveillance

.941.1 (1.2)1.1 (1.1)Number of self-reported comorbidities, mean (SD)

Psychological characteristics

Personality, mean (SD)

.433.4 (0.6)3.5 (0.6)Openness

.013.6 (0.5)3.8 (0.4)Conscientiousness

.663.5 (0.5)3.6 (0.6)Extraversion

.143.7 (0.4)3.8 (0.4)Agreeableness

.782.4 (0.6)2.4 (0.6)Neuroticism

Coping strategies, mean (SD)

.473.0 (0.4)3.0 (0.4)Fighting spirit

.072.2 (0.4)2.3 (0.4)Anxious preoccupation

.871.6 (0.5)1.6 (0.4)Helplessness or hopelessness

.022.2 (0.3)2.1 (0.4)Fatalism

.471.6 (0.6)1.7 (0.7)Avoidance

.5632 (91.4)101 (87.8)Psychological distress (yes), n (%)

.012.9 (0.4)3.1 (0.4)Self-monitoring and insight, mean (SD)

.763.9 (0.7)3.9 (0.8)Satisfaction with information provision, mean (SD)

aP reports comparisons according to analysis of variance and chi-square tests.
bEducational levels were defined as follows: low=none or primary school; medium=lower general secondary education or vocational training; or
high=preuniversity education or high-level vocational training or university.
cNHL-HG: high-grade non-Hodgkin lymphoma.
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dNHL-LG: low-grade non-Hodgkin lymphoma.
eCLL: chronic lymphocytic leukemia.

Discussion

Principal Findings
The results of this RCT demonstrated that patients were neither
in a better nor in a worse situation when their individual PRO
results were disclosed, as no effects of return of PRO results
were found on psychological distress, self-management skills,
and satisfaction with information provision. In addition, patients
who received their PRO results did not report more contact with
their general practitioner or medical specialist compared with
those receiving CAU.

Return of individual PRO research results seems to meet
patients’ wishes, as the majority of those with access viewed
their individual results, of whom two-thirds viewed it more than
once. The possibility of comparing their scores with peers was
most often chosen, indicating the importance of including
normative data to place outcomes in perspective. Almost a
quarter chose not to receive their results. Therefore, patients
should have the choice as to whether they would like to receive
their outcomes [14].

We observed little statistical differences in characteristics of
patients who did view their PRO results and those who did not.
Patients who viewed their PRO results more frequently wanted
to receive all available information about the disease compared
with those who did not view their results. This is in line with
the literature that patients with a monitoring (information
seeking) coping style tend to benefit from more provided
information, whereas patients with a blunting (information
avoiding) coping style benefit from less information [48,49].

There is increasing interest in integrating the collection of PROs
in routine practice to enhance clinical care [50]. Weekly
measurement of symptoms by patients during active treatment
has proven to be effective, as 2 landmark studies on advanced
solid tumors showed improvement in HRQoL and survival
[51-53]. In our RCT, return of PRO results took place after
treatment completion, including patients without advanced
cancer stage, not specifically focusing on symptoms and was
returned to patients only and not to their treating physician,
which all may have contributed to differences in effects. With
the continuing development of new and often expensive
therapies for patients with cancer (eg, immunotherapy), further
research and monitoring of the early onset and course of
symptoms remains highly needed [54].

We could not compare our results to the evidence-based
BREATH intervention for breast cancer [32,33], the original
web-based self-management intervention from which Living
with lymphoma intervention was derived, as uptake in our RCT
was too low to study the effect. With respect to the design of
the study, it was our explicit intention to examine the uptake
and effects of a self-management intervention (without personal
contact with a therapist) in a population-based setting (where
all patients were asked, and no screening took place) to evaluate
if this would be a possibility to provide low-intensity care to
the continuously growing group of cancer survivors. This may

have contributed to the much lower uptake compared with that
of BREATH. Therapist guidance may improve patient
engagement with a self-management intervention [55]. An
important aspect of engagement is self-efficacy, which is a
central element of several therapies, such as behavior change
theory and planned behavior as a health access approach.

With respect to the Living with lymphoma intervention, we were
not able to determine an effect as uptake was too low (3/76,
4%). Only 2 patients opened several components of the cognitive
behavioral therapy parts, and various items from the library
were viewed: Reliable information, Fatigue, Emotional
counselling, and Nutrition and cancer, Exercise, Physical
counselling, Sexuality, and Reintegration. As we observed that
adherence was very low, we asked patients about reasons for
nonadherence, and they indicated they felt well and still had
regular appointments with their hematologist and therefore were
not in need of an intervention. Furthermore, the majority of
participants were men, and poor engagement in self-management
was more common for men, as men may be more reluctant to
seek help [56]. In addition, the timing of the intervention may
not have been optimal, as participants were on average 14
months after diagnosis and patients appeared more receptive to
interventions offered near diagnosis [57]. There is evidence that
unguided self-management interventions could be more effective
when targeted to those in the greatest need of an intervention,
such as patients with low distress [32,58]. This might suggest
that the need for intervention in our sample may be low and we
may have not reached the right group, despite the invitation of
a population-based sample and limited exclusion criteria.

This is the first RCT to study the effect of the return of
individual PRO results to patients with lymphoma or to patients
with cancer in general. The strengths of this study include the
design and linkage of PROs with clinical data from the NCR.
Owing to the design of our RCT, within a population-based
observational cohort, we had access to sociodemographic
information about nonparticipants. This provides a unique
opportunity to make clear statements about the
representativeness of the sample. Participants of the RCT were
younger, more often male, and more often highly educated [59].
Ideally, the RCT sample will be representative of the entire
target population so that generalizations about the population
can be made. More research is needed to understand why
underrepresented patients were not reached and how they could
be reached in the future.

Conclusions
In conclusion, the return of individual PRO results seems to
meet patients’ wishes, even though it had no beneficial effects
on patient outcomes; it did not have negative effects either.
Therefore, we decided to include and implement the return of
individual PRO results in the PROFILES registry. In addition,
at this moment, the return of individual PRO results is extended
to other cancer types, such as colorectal cancer, and is used in
daily clinical practice. No conclusions could be drawn about
the effectiveness of the self-management intervention because
the uptake was too limited.
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Abstract

Background: Internationally, the implementation of evidence-based healthy eating policies and practices within early childhood
education and care (ECEC) settings that encourage children’s healthy diet is recommended. Despite the existence of evidence-based
healthy eating practices, research indicates that current implementation rates are inadequate. Web-based approaches provide a
potentially effective and less costly approach to support ECEC staff with implementing nutrition policies and practices.

Objective: The broad aim of this pilot randomized controlled trial is to assess the feasibility of assessing the impact of a
web-based program together with health promotion officer (HPO) support on ECEC center implementation of healthy eating
policies and practices. Specifically, we seek to describe the completion rate of study evaluation processes (participant consent
and data collection rates); examine ECEC center uptake, acceptability, and appropriateness of the intervention and implementation
strategies; understand the potential cost of delivering and receiving implementation support strategies; and describe the potential
impact of the web-based intervention on the implementation of targeted healthy eating practices among centers in the intervention
group.

Methods: A 6-month pilot implementation trial using a cluster-randomized controlled trial design was conducted in 22 ECEC
centers within the Hunter New England region of New South Wales, Australia. Potentially eligible centers were distributed a
recruitment package and telephoned by the research team to assess eligibility and obtain consent. Centers randomly allocated to
the intervention group received access to a web-based program, together with HPO support (eg, educational outreach visit and
local technical assistance) to implement 5 healthy eating practices. The web-based program incorporated audit with feedback,
development of formal implementation blueprints, and educational materials to facilitate improvement in implementation. The
centers allocated to the control group received the usual care.

Results: Of the 57 centers approached for the study, 22 (47%) provided consent to participate. Data collection components were
completed by 100% (22/22) of the centers. High uptake for implementation strategies provided by HPOs (10/11, 91% to 11/11,
100%) and the web-based program (11/11, 100%) was observed. At follow-up, intervention centers had logged on to the program
at an average of 5.18 (SD 2.52) times. The web-based program and implementation support strategies were highly acceptable
(10/11, 91% to 11/11, 100%). Implementation of 4 healthy eating practices improved in the intervention group, ranging from
19% (2/11) to 64% (7/11).
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Conclusions: This study provides promising pilot data to warrant the conduct of a fully powered implementation trial to assess
the impact of the program on ECEC healthy eating practice implementation.

Trial Registration: Australian New Zealand Clinical Trials Registry (ANZCTR) ACTRN12619001158156;
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=378099

International Registered Report Identifier (IRRID): RR2-10.1186/s40814-020-00707-w

(J Med Internet Res 2021;23(12):e25902)   doi:10.2196/25902
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Introduction

Background
Poor dietary intake in early childhood, including inadequate
intake of fruit and vegetables and excessive intake of
discretionary foods (high in added sugar, sodium, and saturated
fat), is a leading contributor to the development of childhood
overweight, obesity, cardiovascular disease, and specific types
of cancers [1,2]. Globally, preschool aged children do not meet
national dietary recommendations for intake of fruit and
vegetable servings, while overconsuming discretionary food
items [2-5]. As dietary behaviors developed during childhood
are known to track into adulthood [6], population-level
interventions (ie, interventions targeting a large proportion of
the population) to improve child nutrition are recommended
[7,8]. Early childhood education and care (ECEC) is a promising
setting for interventions aimed at improving children’s nutrition
behaviors, as they provide access to a large proportion of
children [3,9] for prolonged periods [10] during a crucial period
of development [11].

Systematic review evidence has identified numerous
ECEC-based interventions effective in improving child nutrition
behaviors [12] and center nutrition environments [13], including
the implementation of evidence-based ECEC practices
associated with improved child dietary intake in care [13,14].
The implementation of such evidence-based practices is
recommended within national and international ECEC guidelines
and includes the provision of healthy foods, positive educator
feeding practices (eg, role modeling healthy food choices), and
developing center nutrition policies, which detail center
strategies and guidelines to enforce the implementation of
healthy eating practices [15-17]. However, despite the existence
of such guidelines, numerous studies have indicated that the
current implementation of evidence-based healthy eating
practices is inadequate [18-21].

A recent Cochrane systematic review identified that
multicomponent implementation strategies, including researcher
delivered face-to-face nutrition education sessions and ongoing
support, can produce small but significant improvements in the
implementation of healthy eating practices in ECEC centers
[13]. Although potentially effective, there are significant
challenges in delivering such interventions at scale (ie, to a large
number of ECEC centers), including financial and resource
burden on centers and the lack of alignment with center
capabilities and infrastructure [13]. Web-based modalities
provide a potentially effective and less costly approach to

implementing nutrition interventions at scale in this setting.
Previous research suggests that the use of such modalities to
deliver support to center staff is highly acceptable and fits within
the existing center infrastructure (eg, access to computers and
internet) [12,22,23]. In addition, these modalities can reach a
large proportion of the population [24] and have been associated
with improvement in a range of provider behaviors and
implementation outcomes in previous research delivered outside
the ECEC setting [25,26].

Recent trials examining the impact of web-based interventions
on ECEC healthy eating practices have been conducted within
menu-based centers (ie, centers that provide food to children).
A randomized controlled trial (RCT) conducted in 54 Australian
childcare centers evaluated the impact of a web-based menu
planning program on center compliance with sector dietary
guidelines [27]. Results of the RCT found statistically significant
improvements in the servings of core food groups and child diet
intake; however, the intervention had nonsignificant
improvements in the primary outcome of menu compliance with
all food groups. The study reported variable levels of
engagement with the web-based program, despite the high
uptake of implementation support strategies and high
acceptability of the intervention and implementation support
provided [27]. In addition, the web-based intervention was
deemed a cost-effective alternative to traditional menu planning
approaches [23]. Within the United States, a pilot RCT
conducted in 31 centers evaluated the impact of the web-based
Nutrition and Physical Activity Self-Assessment for Child Care
(Go-Nutrition and Physical Activity Self-Assessment for Child
Care [Go-NAPSACC]) program on center nutrition
environments [28]. Despite improvements in food and beverages
provided within intervention centers, no statistically significant
differences in center nutrition environments were reported at
follow-up [28]. Center engagement with the web-based program
was not reported; however, the uptake of the implementation
support strategies was high among intervention centers. Findings
from the process evaluation indicated that a lack of computer
literacy among center staff and the need for additional technical
support were barriers to program use [28]. Despite these studies
showing promise, no RCTs examining the impact of web-based
interventions on ECEC healthy eating practices within lunchbox
centers (ie, where parents pack foods for children to consume
in care) have been conducted.

Objectives
Given the differences between menu-based and lunchbox
centers, there is a need to understand whether such interventions
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are feasible in the ECEC setting. Feasibility studies are
recommended as they allow researchers to collect data to
determine whether an intervention is appropriate for more robust
testing and to pilot-test recruitment and data collection methods
and tools to inform a larger trial [29]. Thus, the aim of this pilot
RCT is to determine the feasibility of conducting a fully
powered implementation trial assessing the impact of a
web-based program together with health promotion officer
(HPO) support, on childcare center implementation of healthy
eating policies and practices. Specifically, we seek to (1)
describe the completion of study evaluation processes
(participant consent and data collection rates); (2) examine
ECEC center uptake, acceptability, and appropriateness of the
intervention and implementation strategies; (3) understand the
potential cost of delivering and receiving the implementation
strategies; and (4) describe the potential impact of the web-based
intervention on the implementation of healthy eating practices
among centers in the intervention group.

Methods

Registration and Ethics Approval
This trial was prospectively registered with the Australian New
Zealand Clinical Trials Registry (ACTRN12619001158156)
and followed the CONSORT reporting guidelines for pilot and
feasibility studies [30]. Ethical approval for the trial was
obtained from Hunter New England (HNE; HNE approval
06/07/26/4.04) and the University of Newcastle (approval
H-2008-0343) Human Research Ethics Committees.

This trial was originally designed as a cluster RCT using an
effectiveness-implementation hybrid type-II design. A hybrid
effectiveness-implementation design was used to pilot the
potential impact and assess the feasibility of an implementation
intervention, while assessing the effectiveness of the intervention
in improving child dietary intake in care as described by Curran
et al [31]. Owing to COVID-19 precluding center site visits to
conduct follow-up data collection, we were unable to undertake
child lunchbox and dietary assessments and, as such, have not
been reported. Therefore, this paper reports on the pilot
implementation outcomes that could still be evaluated at
follow-up and were specified in the trial registration and
protocol.

Study Design and Setting
A protocol detailing the study design and methodology has been
published elsewhere [32]. In brief, a pilot implementation trial
using a cluster RCT design was conducted in center-based
childcare centers within the HNE region of New South Wales,
Australia. The HNE region is socioeconomically and
geographically diverse, encompassing metropolitan, regional,
and remote communities, with a population of over 920,000
residents [33]. Approximately 422 center-based childcare
centers, including preschools and long day care, are located
within the HNE region, which typically enroll children aged
0-6 years for an average of 21 hours per week [10,34].

Participant Eligibility and Recruitment

Centers
Centers were eligible to participate in the trial if (1) they enrolled
>20 children per day, (2) had internet access, (3) parents
provided food for children to consume while attending care (ie,
centers did not provide food), (4) they did not participate in any
other healthy eating or physical activity intervention, and (5)
they were not fully compliant with healthy eating practices (ie,
not implementing all 5 practices) specified in the NSW state
obesity-prevention program (ie, Munch & Move) targeted by
the intervention, according to the NSW Ministry of Health data
monitoring [35]. Centers were ineligible if they were a mobile
preschool or family day care center, did not cater to children
aged 2-5 years, catered exclusively for children requiring
specialist care, or were classified as an NSW Department of
Education center owing to differing operational characteristics.

A list of potentially eligible centers located within the HNE
region was obtained from the NSW Ministry of Health [35].
One member of the research team with experience recruiting
centers to health promotion trials led the recruitment process
and monitored consent rates. First, centers were progressively
distributed a recruitment package consisting of a study
information statement and consent form in random order.
Second, the research team member leading recruitment
telephoned centers to discuss study details, assess eligibility,
and request consent for study participation [19,36]. The centers
continued to be contacted until the required number (n=22)
consented. During the telephone call, the research team member
also scheduled a 2-day baseline data collection site visit for
consenting centers. Recruitment for the study was conducted
between August 2019 and October 2019.

Children
For children to be eligible to participate, they were required to
(1) have written consent from a parent or guardian, (2) be
between the ages of 2 and 5 years, (3) be enrolled to attend the
center on at least one of the scheduled days of data collection,
and (4) not have a dietary restriction requiring specialized
tailoring of their diet (eg, allergies or intellectual or physical
disability).

Approximately 2 weeks before the baseline data collection site
visit, centers were asked to distribute consent forms and
information statements to parents via usual communication
methods, including email, communication apps, and child
pigeonholes. Trained research assistants with experience in
recruitment and data collection attended the childcare centers
approximately one week before the site visit and on the days of
the site visits to request written consent from parents for their
children to participate in the study.

Randomization and Blinding
Following baseline data collection, centers were randomly
allocated to the intervention or control group, stratified by center
socioeconomic status (SES). On the basis of center postcodes,
the 2016 Socio-Economic Indexes for Areas was used to classify
centers as being located in the least disadvantaged (high SES)
or most disadvantaged (low SES) areas [37]. Center postcodes
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ranked in the top 50% of NSW were classified as least
disadvantaged and the lower 50% of postcodes as the most
disadvantaged. The centers were also stratified by those with a
high number of Aboriginal child enrollments (defined as those
with >10% Aboriginal child enrollments), in a 1:1 ratio through
a block randomization procedure (block sizes 2 or 4) conducted
by an independent blinded statistician. Given the nature of the
intervention (ie, intervention centers were provided access to a
web-based program), the centers were not blinded to group
allocation. Data collectors were not blinded to group allocation
at follow-up.

Intervention
The intervention aimed to improve the implementation of
childcare center–level healthy eating practices. The practices
targeted within the intervention are recommended by the NSW
state obesity-prevention program (ie, Munch & Move) [17] as
well as national and international guidelines, acknowledging
the association between such practices and improved child
dietary intake in care [15,16]. Specifically, the practices included
the following:

1. Supporting families to provide healthier foods consistent
with dietary guidelines: center staff within the intervention
group were provided with healthy eating information and
resources via the web-based program and were asked to
disseminate these to families via usual center
communication methods, such as mobile apps, email, and
written information, twice during the intervention period.
Center staff were also asked to monitor children’s
lunchboxes daily for consistency with sector-specific dietary
guidelines and provide feedback to parents.

2. Provision of intentional healthy eating learning experiences
(eg, gardening and cooking lessons): center staff were asked
to provide children with intentional healthy eating learning
experiences at least twice per week.

3. Using feeding practices that support children’s healthy
eating (eg, educator role modeling healthy food choices):
center staff were asked to provide encouragement to
children to promote healthy eating and trying new foods at
every meal and snack occasion. Center staff were also asked
to role model consuming healthy food choices and avoid
the use of foods to encourage desired behavior.

4. Staff participating in professional development targeting
healthy eating: center staff were asked to have at least 50%
of the staff to participate in web-based training opportunities
specific to staff healthy eating behaviors and center
practices.

5. Having a comprehensive written nutrition policy that
outlines key healthy eating practices: centers were asked
to develop or modify existing nutrition policies to document
procedures and strategies to facilitate the implementation
of healthy eating practices to improve child diet.

A detailed description of these practices is provided in the study
protocol [32].

A web-based program, known as Childcare Electronic
Assessment Tool and Support (EATS), was developed by the
research team to support center implementation of the 5 targeted
healthy eating practices. The centers allocated to the intervention
group were provided with free access to the web-based program.
The intervention was developed by behavioral science
researchers, HPOs, state government representatives, and end
users from the ECEC setting, including nominated supervisors
and educators.

The Behavior Change Wheel (BCW) [38] was used to guide
the development and selection of implementation strategies to
support center staff in achieving behavior change. During this
process, barriers and enablers to center behavior change
identified through a literature review and engagement with
ECEC staff and stakeholders were mapped to specific behavior
change techniques (BCTs) within the BCW [38]. A suite of
implementation strategies, defined according to the expert
recommendations for implementing change taxonomy, were
then selected to action the BCTs within the intervention [39].
The content and implementation strategies within Childcare
EATS were selected to ensure user (ie, center staff) engagement,
including self-assessment and action planning components to
allow center nominated supervisors to reflect on current practice
and housed educational resources to facilitate improvements in
staff behavior and center processes. The features of the program
were developed to integrate within existing center procedures,
(eg, the ability to download feedback from the self-assessment
quiz) and national assessment and rating standards (eg, the
development of action plans as evidence within quality
improvement plans). Extensive pilot testing was undertaken
with ECEC staff through face-to-face meetings with HPOs to
ensure that the functionality and content of Childcare EATS
was appropriate and that any potential barriers to program use
were addressed. Limitations from previous web-based
interventions conducted within the ECEC setting, including low
staff computer literacy, need for ongoing technical support, and
competing priorities of ECEC staff were also considered during
the development of the program [28,40].

Implementation strategies additional to those embedded within
the web-based program identified via the BCW process above
were used by HPOs who work within the state local health
districts to deliver health promotion initiatives within
community-based settings such as childcare centers. The HPOs
received a training session and implementation manual before
delivering the intervention. In addition, HPOs conducted 2 pilot
training sessions, with both internal (health service staff with
extensive experience supporting ECEC centers to implement
obesity prevention initiatives) and external (ECEC center staff)
stakeholders. The application of these implementation strategies
within the intervention is summarized in Table 1 using the
Proctor framework [41] to enable replication.
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Table 1. Implementation strategies and behavior change techniques used within the web-based intervention.

Behavior change technique ac-
tioned via the implementation
strategy

Application of the implementation strategy according to Proctor [41]Mode of delivery and implementation

strategy according to ERICa [39]

Web-based program

Audit with feedback • Feedback on behavior• Actor: web-based program
• Feedback on outcome of

behavior
• Action: the Childcare EATSb program contained a self-assessment

feature for centers to assess implementation of targeted healthy eating
• Self-monitoring of behaviorpractices. Centers were automatically provided with tailored feedback

on practice performance.
• Target: nominated supervisors and center champion knowledge, behav-

ior and abilities, perceived capabilities, and confidence to implement
change

• Temporality: commencement of the intervention. Centers were encour-
aged to complete the self-assessment at least twice during the interven-
tion period to monitor change in practice, following the educational
outreach visit.

• Dose: twice during the intervention period
• Implementation outcome: implementation of healthy eating practices
• Justification: provision of feedback on center behavior has been used

within previous interventions to facilitate improvement in practice

within ECECc centers [28,42]

Develop a formal implementa-
tion blueprint

• Goal-setting (outcome and
behavior)

• Actor: web-based program
• Action: following the completion of self-assessment, centers were en-

couraged to select goals and develop an action plan within the Childcare • Action planning
EATS program. • Problem solving

• Target: nominated supervisors and center champion prioritization and
investment and perceived capabilities to implement change; formalized

• Review goals (outcome and
behavior)

guidance and demonstrated support to implement change
• Temporality: commencement of the intervention. Centers were encour-

aged to develop an action plan at least twice within the intervention
period, immediately following the self-assessment (audit with feed-
back).

• Dose: twice during the intervention period
• Implementation outcome: implementation of healthy eating practices
• Justification: developing a formal implementation blueprint has been

used within previous interventions to facilitate improvement in practice
within ECEC centers [28].

Distribute educational materials • Demonstration of behavior• Actor: web-based program
• Restructuring the physical

environment
• Action: the Childcare EATS program housed a suite of materials to

assist center implementation of the targeted practices, including fact-
sheets and resources to facilitate communication with parents; educa- • Adding objects to the envi-

ronmenttional materials to improve staff knowledge; example healthy eating
learning experiences; professional development and policy templates. • Prompts or cues

• Target: nominated supervisors and center champions to increase staff
member knowledge and abilities to implement practices

• Credible source

• Temporality: commencement of the intervention. Centers were encour-
aged to access resources immediately following action planning (de-
velopment of a formal implementation blueprint).

• Dose: accessed at any time during the intervention period
• Implementation outcome: implementation of healthy eating practices
• Justification: the provision of support and resources via web-based

programs is highly acceptable among ECEC staff and has been used
within previous interventions within the ECEC setting [22,27,28].

Health promotion officer
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Behavior change technique ac-
tioned via the implementation
strategy

Application of the implementation strategy according to Proctor [41]Mode of delivery and implementation

strategy according to ERICa [39]

• Instruction on how to per-
form behavior

• Demonstration on how to
perform behavior

• Actor: HPOd

• Action: 1.5-2–hour practical face-to-face training session with an HPO
was provided to nominated supervisors and center champions to intro-
duce the web-based program and support implementation of the healthy
eating practices.

• Target: nominated supervisors and center champion knowledge and
ability to implement change

• Temporality: one-off face-to-face training session (1.5-2 hours) at the
start of the intervention (2-8 weeks after baseline)

• Dose: one-off training session
• Implementation outcome: adoption of the intervention
• Justification: face-to-face training within previous ECEC-based inter-

ventions has been highly acceptable and used within previous interven-
tions conducted by the research team [27,42]

Educational outreach visit

• Identification of self as role
model

• Social support (unspecified)

• Actor: center champion
• Action: center nominated supervisors were asked to identify and prepare

a staff member who could dedicate themselves to endorsing and driving
implementation of the intervention within their center and asked to
attend the educational outreach visit.

• Target: center champions; staff investment and motivation to change,
formalized guidance and demonstrated support for staff

• Temporality: commencement of the intervention period
• Dose: ongoing endorsement and support for use of the web-based

program throughout the intervention period
• Implementation outcome: adoption of the intervention and implemen-

tation of healthy eating practices
• Justification: preparing a champion has been identified as an effective

strategy to drive implementation and has been used in previous trials
by the research team [39,43,44].

Identify and prepare a center
champion

• Commitment
• Social support (unspecified)

• Actor: HPO, nominated supervisor, and center champion
• Action: an MoUe was developed to outline the responsibilities and

level of commitment expected from both the center and the HPO in
working to implement the targeted healthy eating practices. Center
nominated supervisors and champions discussed the MoU with the
HPO and tailored the content of the MoU to suit the needs of the center.

• Target: nominated supervisors and center champion investment and
motivation to change, formalized guidance and demonstrated support
for staff

• Temporality: MoU drafted during the face-to-face educational outreach
visit and finalized and signed by the nominated supervisor, center
champion, and HPO 2 weeks following the training

• Dose: one-off MoU during the face-to-face educational outreach visit,
followed by ongoing advocating and support for use of the web-based
program by the nominated supervisor and center champion to center
staff during the intervention period

• Implementation outcome: adoption of the intervention
• Justification: securing executive support from nominated supervisors

has been effective in improving implementation of healthy eating
practices in previous ECEC-based interventions [19]

Mandate change

• Social support (unspecified)
• Verbal persuasion about ca-

pability

Ongoing consultation and local
technical assistance
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Behavior change technique ac-
tioned via the implementation
strategy

Application of the implementation strategy according to Proctor [41]Mode of delivery and implementation

strategy according to ERICa [39]

• Actor: HPO
• Action: a telephone call was provided to nominated supervisors and

center champions to discuss barriers to center implementation of healthy
eating practices and the use of the Childcare EATS program, and to
develop strategies to address such barriers. Email and telephone support
was provided by HPOs upon center request.

• Target: nominated supervisors and center champion prioritization and
confidence to implement change, formalized guidance, and support

• Temporality: 1 telephone call made to centers approximately 2 months
following the face-to-face training session

• Dose: once during the intervention period
• Implementation outcome: adoption of the intervention and implemen-

tation of healthy eating practices
• Justification: ongoing consultation has been shown to be effective in

improving implementation, staff motivation and problem solving
within ECEC-based interventions [45,46].

aERIC: expert recommendations for implementing change.
bEATS: Electronic Assessment Tool and Support.
cECEC: early childhood education and care.
dHPO: health promotional officers.
eMoU: memorandum of understanding.

Control
Centers allocated to the control group received usual care during
the intervention period, including general support from HPOs
external to the research team upon request to implement the
NSW state obesity-prevention program (ie, Munch & Move).
The provision of such support was centrally monitored by the
research team, with 1 center receiving educational materials to

support the implementation of healthy eating and physical
activity practices before baseline data collection.

Data Collection and Measures
Baseline data were collected between September 2019 and
December 2019, and follow-up data were collected between
September 2020 and October 2020. A summary of the study
outcomes and time points of measurement is provided in Table
2.

Table 2. Study outcomes and time points of measurement.

Time points of measurementStudy outcome

BaselineCenter and child demographics

Feasibility of the evaluation procedures

BaselineChildcare center and child consent rates

BaselineCompletion of data collection components

Uptake, acceptability, and appropriateness of the intervention and implementation strategies

6 monthsDelivery of the implementation strategies

6 monthsEngagement with the Childcare EATSa web-based program

12-month follow-upAcceptability of the implementation strategies

12-month follow-upAppropriateness of the intervention

Continuously across study periodCost of implementation strategy delivery

Baseline and 6 monthsImplementation of targeted healthy eating practices within the intervention group

aEATS: Electronic Assessment Tool and Support.

Outcomes: Center and Child Demographics
At baseline, a web-based or telephone interview (depending on
center preference) with center nominated supervisors was
conducted to collect center demographic information, including
the type of center (ie, preschool or long day care), center

operating hours, number of Aboriginal or Torres Strait Islander
enrollments, and number of children enrolled aged between 2
and 5 years. Center area SES and geographic location were
determined using the center postcodes. Nominated supervisor
demographic information, including age, was also collected
during the baseline interviews. A web-based or telephone
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interview (depending on center preference) was conducted with
center champions at follow-up to collect demographic
information, including age.

Information recorded on parent consent forms was used to
examine the child demographics. Parents reported the child’s
age, sex (as recorded on the child’s birth certificate), Aboriginal
or Torres Strait Islander background, and usual number of days
attending care.

Feasibility of the Evaluation Procedures
The feasibility of the evaluation procedures, defined as the
extent to which the research can be effectively carried out within
the ECEC setting [47], was assessed via parent and center
consent rates and completion of data collection components.

Childcare center and child consent rates were assessed using
internal records kept by the research team, center, and child
consent forms. Center consent rates were calculated as the
number of consenting centers divided by the number of eligible
centers that were approached to participate in the study. Reasons
for centers declining to participate and ineligibility were
recorded by the staff member conducting the recruitment
telephone calls. Research assistants present on the days of data
collection collated all returned child consent forms, including
those from parents who did not provide consent for their child
to participate in the study. Class lists specific to the days of data
collection were obtained from each participating center to
determine the total number of eligible children, with consent
rates calculated as the number of consenting children divided
by the total number of eligible children.

Completion of data collection components including lunchbox
observations and measurements, web-based or telephone
interviews with nominated supervisors, and observations of the
center nutrition environments, was monitored via internal
records kept by the research team. These data collection
components were used to evaluate the originally planned trial
outcomes related to the center nutrition environment and child
dietary intake. Center completion of each individual component
of data collection (web-based or telephone interview and
assessment of center nutrition environments) was collated and
entered into a tracking spreadsheet by a member of the research
team. The number of complete child dietary intake data
collection forms completed during center site visits was counted
and included in the tracking spreadsheet.

Uptake, Acceptability, and Appropriateness of the
Intervention and Implementation Strategies
The delivery of the implementation strategies was monitored
using internal records maintained by the research team. For each
center, the following information was recorded: center receipt
of each implementation strategy (ie, number of centers that were
offered and accepted or declined each strategy), date, duration,
and type (ie, email, telephone, or face-to-face) of each
implementation strategy delivered, the role of center staff
receiving the implementation strategy (ie, nominated supervisor
or center champion), and the delivery of BCTs within each
implementation strategy (Table 1).

Engagement with the Childcare EATS web-based program was
assessed via Google Analytics [48] embedded within the
program. Information collected via the analytics included center
completion of self-assessments (ie, audit with feedback),
development of action plans (ie, developing a formal
implementation blueprint), frequency of centers accessing
educational materials, total log-ins to Childcare EATS, and
average duration of the log-ins. Such measures have been
reported in previous ECEC web-based interventions [27,49].

The acceptability of the implementation strategies, defined as
the perception among center staff that the implementation
strategies are satisfactory, palatable, or agreeable [47], was
assessed through web-based and telephone interviews with
nominated supervisors and center champions at follow-up.
Interview items were modified from those developed by Weiner
et al [50] and those used by the research team in previous
ECEC-based studies [27,51]. In total, 10 items captured
information on the perceived effectiveness (eg, ease of use and
helpful in assessing and improving implementation of practices)
of the Childcare EATS web-based program and usefulness of
the implementation support strategies [27,47,51]. Nominated
supervisors responded to each item on a 5-point Likert scale
(1=strongly agree to 5=strongly disagree), with the proportion
reporting 2 or lower (agree and strongly agree) for each item
calculated.

The appropriateness of the intervention, defined as the perceived
fit, relevance, or compatibility of the intervention and for the
childcare setting [50], was assessed during the web-based or
telephone interview with nominated supervisors at follow-up.
In total, 4 items captured information on the perceived fit and
suitability of healthy eating practices, using modified items by
Weiner et al [50]. Nominated supervisors responded to each
item on a 5-point Likert scale (1=strongly agree to 5=strongly
disagree), with the proportion reporting 2 or lower (agree and
strongly agree) for each item calculated.

Cost to Deliver and Receive Implementation Strategies
The direct cost of each implementation strategy delivered by
HPOs, including labor (ie, HPO preparation, administration,
and delivery of the strategy) and travel, was calculated. Service
delivery costs were recorded by the HPOs delivering the
intervention. Costs (in Aus $ and US $, 2019/2020) were
calculated by multiplying the time spent (in hours) on each
implementation strategy by the hourly wage rate of HPOs
delivering the intervention. The cost for nominated supervisors
and center champions to receive the implementation strategies
delivered by HPOs and embedded within the web-based program
was also calculated. Data to calculate center costs were recorded
by the HPOs delivering the intervention in addition to the time
spent in the web-based program captured by the analytics data.
Similar to previous studies examining the cost of receiving
interventions within the childcare setting [23], costs were
calculated by multiplying the time spent (in hours) receiving
each implementation strategy by the estimated hourly wage rate
of nominated supervisors and educators [52].
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Implementation of Targeted Healthy Eating Practices
Within the Intervention Group
Self-reported implementation of the 5 targeted healthy eating
practices within the intervention group was assessed via baseline
nominated supervisor interview data and self-assessments
completed by centers via the web-based program at any time
point throughout the intervention. In total, 26 items were based
on the validated Environment and Policy Assessment and
Observation Self-Report [53] and the tool developed by Dodds
et al [54] were used to measure the implementation of the 5
healthy eating practices.

In addition, we also assessed contextual factors influencing the
center implementation of healthy eating practices, assessed
through web-based and telephone interviews with nominated
supervisors at follow-up. A total of 5 interview items were based
on constructs within 3 of the 5 domains of the Consolidated
Framework for Implementation Research (inner setting:
compatibility with center values and direction), innovation
characteristics (perceived complexity and cost), and outer setting
(external influences such as policies and regulations) to identify
factors associated with implementation [55]. Nominated
supervisors responded to each item on a 5-point Likert scale
(1=strongly agree to 5=strongly disagree), with the proportion
reporting 2 or lower (agree and strongly agree) for each item
calculated.

Statistical Analysis
All statistical analyses were performed using STATA v14
(StataCorp LLC) [56]. All data were analyzed using descriptive
statistics. Chi-square analyses were used to compare
characteristics of consenting and nonconsenting centers as well
as center and child characteristics between the intervention and
control groups at baseline. Center locality was classified as
either urban (ie, major cities) or rural (ie, inner regional, outer
regional, and remote) according to the Australian Statistical
Geography Standard [57]. The 2016 Socio-Economic Indexes
for Areas was used to classify centers as being located in the
least disadvantaged (high SES) or most disadvantaged (low
SES) areas [37]. Center postcodes ranked in the top 50% of
NSW were classified as least disadvantaged and the lower 50%
of postcodes as the most disadvantaged.

Results

Overview
A total of 22 centers and 448 children participated in the study,
with 11 (50%) centers randomized to the intervention group
and 11 (50%) to the control group (see Figure 1 for the
CONSORT diagram). The demographic characteristics of
consenting centers and children are summarized in Table 3.
There were no significant differences in center SES or center
geographic location between the consenting and nonconsenting
centers. In addition, there were no significant differences in the
center or child characteristics between the intervention and
control groups at baseline.
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Figure 1. Study flow diagram.
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Table 3. Demographic characteristics of participating centers and children (N=11).

ControlInterventionCenter characteristics

Type of center

10 (90)10 (90)Preschool, n (%)

1 (10)1 (10)Long day care, n (%)

29.0 (8.63)30.73 (11.24)Child enrollments aged 2-5 years, mean (SD)

4.64 (3.32)5.0 (4.58)Aboriginal child enrollments, mean (SD)

SEIFAa,b

4 (36)4 (36)Most disadvantaged (low SESc), n (%)

7 (64)7 (64)Least disadvantaged (high SES), n (%)

Geographic location

8 (73)8 (73)Urban (major cities), n (%)

3 (27)3 (27)Rural (inner regional, outer regional, and remote), n (%)

Nominated supervisor characteristics

43.91 (10.57)37.68 (5.92)Age, mean (SD)

—d6Center champion characteristics, N

44.17 (6.40)Age (years), mean (SD)

202246Child characteristics, N

4.65 (0.68)4.68 (0.66)Age (years), mean (SD)

202246Gender, N

88 (43.5)122 (49.5)Female, n (%)

114 (56.4)124 (50.4)Male, n (%)

20 (9.9)24 (9.7)Children of Aboriginal and Torres Strait Islander background, n (%)

2.57 (0.74)2.63 (0.88)Days attending care, mean (SD)

aSEIFA: Socio-Economic Indexes for Areas.
bThe 2016 Socio-Economic Indexes for Areas was used to classify centers as being located in the least disadvantaged (high socioeconomic status) or
most disadvantaged (low socioeconomic status) areas. Center postcodes ranked in the top 50% of New South Wales were classified as least disadvantaged
and the lower 50% of postcodes as the most disadvantaged.
cSES: socioeconomic status.
dData not available (this item was only applied to nominated supervisors).

Feasibility of the Evaluation Procedures

Childcare Center and Child Consent Rates
Of the 85 potentially eligible centers within the sampling frame,
57 (67%) centers were approached in random order to participate
in the study. Of the 57 centers, 10 (18%) centers were ineligible
(NSW Department of Education center: 6/10, 60%; involved
in another healthy eating or physical activity research trial: 1/10,
10%; and provided food to children: 3/10, 30%) and 25 (44%)
centers declined to participate (lack of time: 21/25, 84%; study
of lessor importance: 2/25, 8%; and lack of staff capacity: 2/25,
8%). This resulted in an overall study consent rate of 47%
(22/57). No centers withdrew from the trial following
randomization.

A potential 670 children were eligible to participate in the
lunchbox measurements, of whom, 502 (74.9%) provided
consent to participate. The consent rate ranged from 53% (16/30)
to 96% (24/25) within the participating centers (285/374, 76.2%

children within intervention centers and 217/296, 73.3% children
within control centers).

Completion of Data Collection Components
Baseline lunchbox observations and measurements conducted
to assess the impact of the intervention on child dietary intake
were completed for 100% (448/448) of consenting children who
were in attendance on data collection days at baseline. The
remaining 10.8% (54/502) of the children were absent on the
data collection days. Baseline observations of the nutrition
environment and web-based or telephone interviews with center
nominated supervisors were completed for 100% (22/22) of
participating centers.

Uptake, Acceptability, and Appropriateness of the
Intervention and Implementation Strategies

Delivery of Implementation Strategies
For implementation strategies delivered by the HPO, 100% of
center nominated supervisors or directors were offered and

J Med Internet Res 2021 | vol. 23 | iss. 12 | e25902 | p.432https://www.jmir.org/2021/12/e25902
(page number not for citation purposes)

Barnes et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


received the educational outreach visit (ie, face-to-face training
session) with the HPO at the commencement of the intervention.
The mean duration of the educational outreach visit was 92.73
(SD 21.83) minutes. All centers (n=11) were invited to nominate
and prepare a staff member as center champion, with 55% (6/11)
of centers nominating a staff member, and 83% (5/6) of these
also attending the educational outreach visit. The memorandum
of understanding (MoU; ie, mandate change) was drafted with
all intervention centers (n=11), with a signed MoU returned by
55% (6/11) of the centers. Ongoing consultation and local
technical assistance (ie, follow-up support call provided by the
HPO) were offered to 100% (11/11) of the intervention centers,
with 91% (10/11) of the centers accepting the call. The mean
duration of the follow-up support call was 11.9 (SD 4.70)
minutes.

For implementation strategies within the web-based program,
overall, 100% (11/11) of centers were provided access to and

undertook audit with feedback (ie, self-assessment), developed
a formal implementation blueprint (ie, action plan), and accessed
the educational materials via the Childcare EATS web-based
program.

All intervention centers (n=11) received BCTs as intended in
57% (4/7) of the implementation strategies (Table 4). Additional
BCTs (instruction on how to perform the behavior, problem
solving, social support [practical], and action planning) were
used within the ongoing consultation and local technical
assistance strategy in 37% (4/11) of the centers owing to the
HPO responding to the needs of the center and tailoring the
advice accordingly. Low uptake of the mandate change and
identification and preparation of center champion
implementation strategies resulted in only 55% (6/11) of the
centers receiving the BCTs within these strategies.
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Table 4. Behavior change techniques delivered within implementation strategies (N=11).

Number of centersMode of delivery, implementation strategy, and behavior change technique

Web-based program

Audit with feedback

11 (100)Feedback on behavior

11 (100)Feedback on outcome of behavior

11 (100)Self-monitoring of behavior

Develop a formal implementation blueprint

11 (100)Goal-setting (outcome and behavior)

11 (100)Action planning

11 (100)Problem solving

11 (100)Review goals (outcome and behavior)

Distribute educational materials

11 (100)Demonstration of behavior

11 (100)Restructuring the physical environment

11 (100)Adding objects to the environment

11 (100)Prompts or cues

11 (100)Credible source

Health promotion officer

Educational outreach visit

11 (100)Instruction on how to perform behavior

11 (100)Demonstration on how to perform behavior

Ongoing consultation and local technical assistance

10 (91)Social support (unspecified)

10 (91)Verbal persuasion about capability

3 (27)Instruction on how to perform behaviora

1 (9)Problem solvinga

1 (9)Social support (practical)a

3 (27)Action planninga

Mandate change

6 (55)Commitment

6 (55)Social support (unspecified)

Identify and prepare a center champion

6 (55)Identification of self as role model

6 (55)Social support (unspecified)

aAdditional behavior change techniques used within the ongoing consultation and local technical assistance implementation strategy beyond that specified
in the intervention protocol.

Engagement With the Web-Based Program
The intervention center’s engagement with the Childcare EATS
web-based program is detailed in Table 5. At the 6-month
follow-up, intervention centers had logged in to the program
on an average of 5.18 (SD 2.52) times, spending an average of
19.90 (SD 11.21) minutes in the program per log-in. Centers

completed an average of 2.90 (SD 2.02) self-assessments and
developed an average of 2.09 (SD 1.30) action plans. A total of
6 staff members from 4 intervention centers completed
web-based professional development accessible via the
web-based program or the NSW state obesity-prevention
program website (ie, Munch & Move) during the intervention
period compared with no staff members from control centers.
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Table 5. Center engagement with Childcare Electronic Assessment Tool and Support web-based program across 6 months.

Value, median (IQR)Value, mean (SD)Engagement

4.00 (4.00-5.00)5.18 (2.52)Total log-ins

17.44 (10.24-30.03)19.90 (11.21)Average log-in duration (min-
utes)

2.00 (1.00-4.00)2.90 (2.02)Self-assessments completed

2.00 (1.00-3.00)2.09 (1.30)Action plans developed

10.00 (6.00-18.00)12.36 (6.71)Number of times educational
materials were accessed

Acceptability of the Intervention and Implementation
Strategies
The web-based program was reported to be an acceptable
method for assessing healthy eating practices by most nominated
supervisors (10/11, 91%) and center champions (5/6, 83%;

Table 6). The implementation strategies provided by HPOs,
including the educational outreach visit (ie, face-to-face training)
and ongoing support (ie, support call), were considered to be
acceptable by nominated supervisors (10/11, 91% to 11/11,
100%). Acceptability of the implementation strategies was lower
among center champions (2/6, 33% to 5/6, 83%).
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Table 6. Acceptability and appropriateness of the web-based intervention and implementation strategies.

Center champions
(n=6), n (%)

Nominated supervisors
(n=11), n (%)

Characteristics

Measure (agree or strongly agree)

5 (83)10 (91)Using the web-based program is an acceptable method for assessing if our service is
meeting the healthy eating policies and practices.

5 (83)11 (100)The web-based program was useful in my service to help meet the healthy eating policies
and practices.

5 (83)10 (91)Using the web-based program improved my service’s performance in meeting the healthy
eating policies and practices.

5 (83)10 (91)I would recommend the web-based program to other childcare services.

5 (83)10 (91)I intend to continue to use the web-based program to help our service meet the healthy
eating policies and practices.

—a10 (91)I thought the web-based program was easy to use.

Measure (useful or very useful)

5 (83)10 (91)I found the face-to-face training session (ie, educational outreach visit) useful.

2 (33)11 (100)I found the garnering of managerial support (ie, mandate change) useful.

2 (33)10 (91)I found the ongoing telephone support (ie, ongoing consultation and local technical assis-
tance) provided by the health promotion officers useful.

—5 (83)I found nominating a center champion (ie, identify and prepare a center champion) useful.b

—11 (100)Appropriateness (agree or strongly agree)

The healthy eating policies and practices seem fitting.

The healthy eating policies and practices seems suitable.

The healthy eating policies and practices seem applicable.

The healthy eating policies and practices seem like a good match.

—Contextual factors influencing implementation of healthy eating practices (agree or strongly agree)

10 (91)The healthy eating policies and practices are consistent with our center philosophy.

10 (91)The healthy eating policies and practices are consistent with the National Quality
Framework.

0 (0)The healthy eating policies and practices are costly to implement.

4 (36)The healthy eating policies and practices are difficult to implement.

10 (91)Centers within our region would be supportive of the healthy eating policies and practices.

aData not available (this item was only applied to nominated supervisors).
bThis item was only applied to centers that nominated a center champion (n=6).

Appropriateness of the Intervention
In total, 100% (11/11) of nominated supervisors within the
intervention group agreed or strongly agreed that healthy eating
policies and practices seem fitting, suitable, applicable, and a
good match (Table 6).

Cost to Deliver and Receive Implementation Strategies
The total cost to the health service for the HPO to deliver the
implementation strategies (ie, educational outreach visit,
mandate change, and ongoing consultation) was Aus $ 1351.25
(US $972.64), average per center: Aus $ 122.84 (US $88.42).
Overall, the educational outreach visits cost a total of Aus $
1143.08 (US $822.79), average per center: Aus $ 103.92 (US
$74.80), including travel to the center and follow-up
correspondence with center staff; mandate change cost a total

of Aus $ 43.44 (US $31.27), average per center: Aus $ 3.95 (US
$2.84); and ongoing consultation cost a total of Aus $164.73
(US $118.57), average per center: Aus $ 14.98 (US $10.78).
The total cost to centers for nominated supervisors and center
champions to receive all implementation strategies (ie, those
delivered by the HPO and embedded within the web-based
program) was Aus $ 1516.40 (US $1091.51), average per center:
Aus $ 137.85 (US $99.23). The cost to receive the
implementation strategies delivered by the HPO was Aus $
1052.29 (US $757.44), average per center: Aus $ 95.66 (US
$68.86), whereas the cost to receive the implementation
strategies embedded within the web-based program was Aus $
464.11 (US $334.07), average per center: Aus $ 42.19 (US
$30.37).
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Implementation of Targeted Healthy Eating Practices
Within the Intervention Group
The proportion of centers implementing targeted healthy eating
practices improved in 4 of the 5 practices from baseline to
follow-up (Table 7). The greatest improvement was reported in
center educator use of feeding practices that support children’s
healthy eating, increasing from 18% (2/11) to 82% (9/11). The
proportion of centers supporting families to provide healthier
foods consistent with dietary guidelines decreased from 82%
(9/11) to 55% (6/11). At follow-up, 18% (2/11) of centers were
implementing all 5 healthy eating practices, whereas none were
at baseline. The mean number of practices implemented per

center increased from 3.36 (SD 1.21) at baseline to 4.36 (SD
1.21) at follow-up. When examining the change in practice
implementation between the most (low SES) and least (high
SES) disadvantaged centers, the number of most disadvantaged
centers supporting families to provide healthier foods consistent
with dietary guidelines reduced from 100% (4/4) at baseline to
25% (1/4) at follow-up compared with no change in least
disadvantaged centers (Table 8).

In total, 91% (10/11) of nominated supervisors reported that
healthy eating practices were consistent with the philosophy of
their service and consistent with the ECEC settings regulatory
standards (ie, the National Quality Framework; Table 6).

Table 7. Intervention group implementation of healthy eating practices (N=11).

Change, n (%)Centers implementing at follow-up,
n (%)

Centers implementing at baseline,
n (%)

Healthy eating practice

2 (18)6 (55)4 (36)Provision of intentional healthy eating learning experiences

2 (18)10 (91)8 (73)Comprehensive written nutrition policy that outlines key
healthy eating practices

3 (27)6 (55)3 (27)Staff participating in professional development targeting
healthy eating

7 (64)9 (82)2 (18)Educator use of feeding practices that support children’s
healthy eating

−3 (27)6 (55)9 (82)Supporting families to provide healthier foods consistent
with dietary guidelines

Table 8. Intervention group implementation of healthy eating practices by Socio-Economic Indexes for Areas classification (N=1)a.

High SES (n=7), n (%)Low SESb (n=4), n (%)Healthy eating practice

ChangeLeast disadvantaged
centers implementing
at follow-up

Least disadvantaged
centers implementing
at baseline

ChangeMost disadvantaged
centers implementing
at follow-up

Most disadvantaged
centers implementing
at baseline

2 (29)4 (57)2 (29)0 (0)2 (50)2 (50)Provision of intentional
healthy eating learning
experiences

2 (29)7 (100)5 (71)0 (0)3 (75)3 (75)Comprehensive written
nutrition policy that
outlines key healthy
eating practices

4 (57)5 (71)1 (14)0 (0)1 (25)1 (25)Staff participating in
professional develop-
ment targeting healthy
eating

4 (57)5 (71)1 (14)3 (75)4 (100)1 (25)Educator use of feeding
practices that support
children’s healthy eat-
ing

0 (0)5 (71)5 (71)−3 (75)1 (25)4 (100)Supporting families to
provide healthier foods
consistent with dietary
guidelines

aThe 2016 Socio-Economic Indexes for Areas was used to classify centers as being located in the least disadvantaged (high socioeconomic status) or
most disadvantaged (low socioeconomic status) areas. Center postcodes ranked in the top 50% of New South Wales were classified as least disadvantaged
and the lower 50% of postcodes as the most disadvantaged.
bSES: socioeconomic status.
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Discussion

Principal Findings
This study aimed to assess the potential feasibility of a pilot
cluster RCT of a web-based healthy eating implementation
intervention in ECEC centers to undertake a fully powered
implementation trial. The study also examined the uptake,
acceptability, appropriateness, and actual cost of delivering the
intervention and implementation strategies. Overall, the study
findings indicate that the web-based intervention and most
implementation strategies are highly feasible, low-cost, and
acceptable to childcare center staff and can improve the
implementation of healthy eating practices in ECEC centers.

The study obtained a high overall parental consent rate of 74.9%
(502/670) for children to participate in lunchbox measurements.
However, the variability in parental consent across centers
(ranging from 16/30, 53% to 24/25, 96%) is worth noting. This
variation may be owing to the differing relationships within
centers between staff and parents regarding the contents of
children’s lunchboxes with previous studies reporting a
reluctance from staff to communicate with parents in fear of
having difficult conversations [58,59]. As such, some parents
may have been reluctant to consent to lunchbox measurements
owing to perceived judgment [58,59]. Although not dissimilar
to previous web-based studies conducted within the ECEC
setting, the overall study consent rate among centers was
moderate at 47% [27,60,61]. Similar to previous studies, barriers
to center participation reported by staff included a lack of time
and competing priorities [62]. As this study attempted to address
such barriers by embedding the intervention within usual center
processes (ie, aligning with ECEC accreditation standards),
further consideration needs to be taken to better promote the
intervention by aligning with current center priorities during
study recruitment. However, once consented to the trial, the
study data collection components were highly feasible, with
100% of participating centers completing child lunchbox
measurements, center nutrition environment observations, and
interviews with nominated supervisors. This indicates that such
methods should be retained for a fully powered implementation
trial.

Promising levels of uptake and acceptability of the
implementation strategies used in this study were observed. The
level of engagement with the web-based program was consistent
with recommendations for centers to complete the
self-assessment (audit with feedback) and develop action plans
(formal implementation blueprint) twice during the intervention
period. Such findings suggest that centers are likely to receive
the intended dose of the intervention with the current
implementation strategies. The promising levels of engagement
may be attributed to the web-based program being easy to use
as reported by nominated supervisors and aligned with usual
center processes [63]. However, large SDs and wide IQRs for
the number of log-ins and log-in duration indicate high
variability in engagement with the web-based program across
centers. Despite such variability being consistent with previous
studies within the ECEC setting that used web-based modalities
[27], exploration is needed to better understand the reasons

behind the relatively lower levels of engagement for some
centers.

As the intervention was largely delivered remotely, the overall
cost to deliver the implementation strategies was minimal (total
of Aus $ 1351.25 [US $ 931.88]; average per center: Aus $
122.84 [US $ 86]). Therefore, the web-based intervention may
be considered a low-cost alternative to support center
implementation compared with traditional, highly intensive
modalities. However, the study was unable to capture the costs
associated with center staff implementing healthy eating
practices, including the time spent disseminating information
to parents. As such, future studies should consider conducting
a cost-effective analysis, while capturing costs associated with
center implementation of practices, to enable researchers,
practitioners, funding bodies, and centers to determine whether
investment in the web-based intervention produced an acceptable
return and is a cost-effective approach to support the
implementation of healthy eating practices at scale. Consistent
with previous studies conducted within the ECEC setting
[51,64], high levels of uptake and acceptability were found for
most implementation strategies provided by HPOs, particularly
the educational outreach visit (11/11, 100%) and local technical
assistance (10/11, 91%). Despite previous literature suggesting
that implementation strategies such as the MoU and center
champions are useful for facilitating the uptake of interventions
[19,39,44], the relatively low uptake of these strategies is worth
exploring. Although there was high acceptability of the center
champion strategy in centers that nominated a champion (9/10,
83%), a potential explanation for the lower uptake of the strategy
may be the differing organizational structures within centers.
Anecdotally, the uptake of center champions was higher in
larger centers with greater staffing numbers and child
enrollments, where the nominated supervisor often engages
educational leads. The educational lead takes on additional
advocacy roles among staff, lending them to the role of the
center champion. In smaller centers however, the nominated
supervisors often work as the educational lead themselves,
acting as the main advocate among center staff. Therefore, the
research team should consider alternative strategies, such as a
local consensus approach [51] (ie, the entire center), to ensure
that the uptake of the intervention remains high in centers where
a sole champion is not a feasible strategy.

The improvement in implementation of 4 of the 5 targeted
healthy eating practices within the intervention group is
promising, with effect sizes ranging from 19% (2/11) to 64%
(7/11). Such effect sizes are encouraging when compared with
previous studies aimed at improving the implementation of
practices within the ECEC setting [13]. A recent Cochrane
systematic review, which examined the effectiveness of
strategies aimed at improving the implementation of healthy
eating and physical activity policies and practices, reported
effect sizes as low as 2.5% [13]. Therefore, our findings show
great promise for testing in a fully powered implementation
trial. However, a decrease in centers supporting families to
provide healthier foods consistent with dietary guidelines,
particularly in those centers classified as most disadvantaged,
is worth noting given this practice had the highest rates of
implementation at baseline. A potential explanation for this
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reduction may be the competing information relating to
COVID-19 distributed to parents during the intervention period
(eg, communication regarding center safety protocols and
changes to child attendance fees), resulting in support for parents
to provide foods consistent with sector dietary guidelines being
of lesser priority at this time. Research suggests a lack of skills,
knowledge, and confidence in communicating with parents
regarding healthy eating [58,59,65] may also negatively impact
the implementation of this practice. Using strategies, such as
ongoing professional development, coaching, and training, have
been suggested in recent studies to address such barriers and
support ECEC staff to engage in positive and effective
communication with parents [65]. As centers were encouraged
to distribute the healthy eating resources to parents via usual
communication methods (eg, parent communication apps, email,
and written information), further consideration of the most
effective method to facilitate staff communication with parents
regarding healthy eating and nutrition may be required. Although
the Childcare EATS engagement data provided important
insights into the center use of the web-based program, the
methods used and the reach of the center distribution of healthy
eating information and resources (eg, number of parents who
received the resources) could not be measured. In addition, we
were unable to assess whether parents within the intervention
group communicated healthy eating information provided by
the center staff to other parents. There was a notable contrast
in the implementation of this practice between centers classified
as most and least disadvantaged. This contrast may potentially
be explained by COVID-19 related impacts on resourcing (eg,
staffing, budget, and time) within disadvantaged centers, who
may have already been experiencing limited resources before
the pandemic. A better understanding of the barriers faced by
centers classified as most disadvantaged in communicating with
parents should be sought to enable the development of
appropriate strategies to support implementation of this practice.
However, given the small sample size in this study, this finding
is highly exploratory and should be interpreted with caution. In
addition, collecting contextual data from parents regarding their
preferred method of receiving healthy eating information from
centers may also provide guidance on the most effective way
to support parents in packing healthy lunchboxes for children
to consume in care.

The findings from this study provide compelling data to support
the conduct of a fully powered implementation trial. Importantly,
despite the relatively low level of support provided to childcare
centers to use the program, the level of engagement with the
web-based program was relatively high, and large changes in
practice implementation were observed. Findings from this
study suggest that several improvements could be made to the
intervention, including considering the appropriateness of the
MoU and center champion and using strategies to support ECEC
center staff engagement with parents regarding healthy eating.
Finally, the inclusion of a nested evaluation within a future trial
to assess the impact of the web-based intervention on
individual-level outcomes, including child dietary intake and
parent lunchbox packing practices, should be considered to gain
greater insight into the effectiveness of the intervention beyond
center-level outcomes.

Limitations
Although unavoidable because of restrictions relating to the
COVID-19 pandemic, the inability to assess center nutrition
environments and conduct child lunchbox assessments via direct
observation to assess child-level outcomes as originally intended
is a limitation of the study. In addition, although the data
regarding the impact of the intervention on center
implementation are promising, these data were only able to be
collected within intervention centers with no comparison to the
control group, and as such, should be interpreted with caution.
Finally, as the study was conducted within 1 region of NSW,
the generalizability of the findings beyond the region may be
limited.

Conclusions
This pilot study provides compelling data to support the conduct
of a larger trial assessing the impact of the web-based
intervention on ECEC center implementation of healthy eating
practices. The findings of this pilot study indicate that the
web-based intervention is highly feasible, acceptable,
appropriate, and low-cost. As this study is one of few examining
the potential impact of a web-based intervention within the
ECEC setting, a fully powered implementation trial is warranted
to establish the true effects and examine the impact of the
intervention at scale.
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Abstract

Background: Populations globally are ageing, resulting in higher incidence rates of chronic diseases. Digital health platforms,
designed to support those with chronic conditions to self-manage at home, offer a promising solution to help people monitor their
conditions and lifestyle, maintain good health, and reduce unscheduled clinical visits. However, despite high prevalence rates of
multimorbidity or multiple chronic conditions, most platforms tend to focus on a single disease. A further challenge is that despite
the importance of users actively engaging with such systems, little research has explored engagement.

Objective: The objectives of this study are to design and develop a digital health platform, ProACT, for facilitating older adults
self-managing multimorbidity, with support from their care network, and evaluate end user engagement and experiences with
this platform through a 12-month trial.

Methods: The ProACT digital health platform is presented in this paper. The platform was evaluated in a year-long
proof-of-concept action research trial with 120 older persons with multimorbidity in Ireland and Belgium. Alongside the technology,
participants had access to a clinical triage service responding to symptom alerts and a technical helpdesk. Interactions with the
platform during the trial were logged to determine engagement. Semistructured interviews were conducted with participants and
analyzed using inductive thematic analysis, whereas usability and user burden were examined using validated questionnaires.

Results: This paper presents the ProACT platform and its components, along with findings on engagement with the platform
and its usability. Of the 120 participants who participated, 24 (20%) withdrew before the end of the study, whereas 3 (2.5%) died.
The remaining 93 participants actively used the platform until the end of the trial, on average, taking 2 or 3 health readings daily
over the course of the trial in Ireland and Belgium, respectively. The participants reported ProACT to be usable and of low burden.
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Findings from interviews revealed that participants experienced multiple benefits as a result of using ProACT, including improved
self-management, health, and well-being and support from the triage service. For those who withdrew, barriers to engagement
were poor health and frustration when technology, in particular sensing devices, did not work as expected.

Conclusions: This is the first study to present findings from a longitudinal study of older adults using digital health technology
to self-manage multimorbidity. Our findings show that older adults sustained engagement with the technology and found it usable.
Potential reasons for these results include a strong focus on user-centered design and engagement throughout the project lifecycle,
resulting in a platform that meets user needs, as well as the integration of behavior change techniques and personal analytics into
the platform. The provision of triage and technical support services alongside the platform during the trial were also important
facilitators of engagement.

International Registered Report Identifier (IRRID): RR2-10.2196/22125

(J Med Internet Res 2021;23(12):e22672)   doi:10.2196/22672

KEYWORDS

digital health; aging; multimorbidity; chronic disease; self-management; integrated care; longitudinal study; engagement; usability;
mobile phone

Introduction

Background
Multimorbidity, the presence of 2 or more chronic conditions
in an individual [1], is a major global health concern [2], and
in many high-income countries, it is now considered the norm
rather than the exception [3]. Some evidence suggests that it is
more common in older adults, likely because of the aging
population, whereas other research states that it is more
prevalent in disadvantaged groups, such as those with lower
socioeconomic status [3,4]. Prevalence rates suggest that,
globally, 1 in 3 people live with multimorbidity, with rates of
65% in people aged >65 years and 85% in people aged >85
years and rising [5]. However, multimorbidity is also known to
affect younger adults, with social deprivation being a key
determinant in younger and middle-aged adults [3,6].
Multimorbidity reduces life expectancy, decreases quality of
life and physical functioning, and negatively affects mental
health [7]. It also results in health inequalities [4]. Some
evidence suggests that reported outcomes, such as lower
self-reported health, increased medication issues, and higher
health care utilization, are poorer for older populations [8].

Self-management is recognized as an important component of
care for those with multimorbidity to maintain good health
[9,10]. Self-management can be defined as the actions taken by
an individual to manage symptoms, treatment, emotions, and
lifestyle changes as part of living with a chronic condition [11].
Compared with those with one chronic condition, people with
multimorbidity experience more challenges with
self-management, associated with numerous self-care tasks such
as symptom monitoring, management of multiple medications,
and liaising with multiple health care professionals [10,12-14].
For people with multimorbidity, self-management is an iterative
process requiring constant readjusting and reframing to
understand their conditions and the associated changeable
symptoms to inform personalized self-management responses
[15,16].

Numerous digital health technologies have been developed to
support the self-management of single chronic diseases,
primarily diabetes [17]. However, given the rise in the number

of people managing multiple chronic conditions, it is imperative
to consider how such technologies can be designed and
implemented to deal with the additional complexities of
multimorbidity, such as the management of multiple symptoms
and self-care tasks. Prior work has noted that technologies that
help those with multimorbidity manage their health will only
be successful if they do not exert further burden or
inconvenience on the user [18]. Furthermore, little attention has
been directed toward the importance of understanding how to
support people with multimorbidity through the use of digital
interventions [19]. Integrating the management of multiple
conditions onto a single platform, where users can monitor their
symptoms and relevant lifestyle parameters (such as activity),
interact with all their data, share their data, and receive
educational support, could help to minimize the known burden
of multimorbidity self-management. In recent years, a small
number of researchers have begun to examine how to design
digital health apps for multimorbidity self-management [20-27],
including medication management [20,28], how to manage
health care conflicts [21,24], and how those with multimorbidity
collaborate and communicate with informal caregivers and
health care professionals [25,27]. However, we are unaware of
platforms that have been implemented to tackle multimorbidity
or evaluated over longitudinal periods. Indeed, a recent
systematic review has highlighted the lack of digital health
platforms, that include architectures and analytics capable of
fully supporting chronic disease self-management [29], beyond
what is possible through simple apps. The review identified 7
papers, all of which support single disease management, and
not multiple diseases.

The research on longitudinal engagement with digital health
and wellness technologies, particularly for older adults, is
lacking. Engagement is necessary to achieve intended and
effective outcomes [30]. However, it is understood that the
adoption of digital health technologies is low [18]. It has also
been argued that older adults are not seen as the primary users
of such technology [31] and are not ready to adopt it [32].
However, recent research goes some way to resolve this issue.
A study examining the use patterns of 9051 users (mean age
50.4 years) with a diabetes management app over a period of
180 days found that older adults were more actively engaged
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with the app than younger users [33]. Wei et al [34] studied
habit formation using wearable activity trackers with 20 older
adults who had been tracking activity for 6 months. They found
a range of factors contributing to sustained use, such as
contextual factors such as the placement of the tracker, how
often it needs to be charged, and the presence of features such
as goal setting and reminders. It is generally accepted that the
successful design of a health and well-being intervention to
motivate engagement requires a user-centered design process
and an iterative approach to development [29,30]. This is
particularly important for older adults, who may be unfamiliar
with such technology and who may have additional interaction
requirements because of the physical and cognitive effects of
aging [31]. It is therefore crucial that designers of health
technologies for older adults involve them closely in the design
of technologies to ensure that they can benefit from them.

Our main objectives were as follows:

1. Design and develop a digital health platform (ProACT) to
support people with multimorbidity to self-manage multiple
conditions on a single platform, including monitoring a
collection of symptoms and well-being parameters, helping
users to understand relationships between their symptoms
and conditions, providing education personalized to the
person’s condition profile, and supporting the sharing of
data with a care network.

2. Evaluate ProACT in a year-long proof-of-concept (PoC)
trial with people with multimorbidity supported by people
in their care network to determine engagement, usability,
and experiences with the digital self-management of a set
of multiple symptoms and well-being parameters.

In this study, we present the ProACT platform that is designed
to support people with multimorbidity to self-manage multiple
conditions and results from a 12-month PoC trial of the platform
with respect to engagement and usability. Our findings indicate
that the vast majority of people with multimorbidity stayed
engaged with the platform over the 12-month period, a novel

finding with respect to this cohort. The participants found the
platform to be usable and of low burden. Qualitative data from
participant interviews indicated that participants experienced a
number of benefits as a result of using ProACT, such as
improved self-management, health, and well-being. For those
who withdrew, barriers to engagement were poor health and
frustration with the elements of the technology, particularly the
sensing devices to monitor health parameters.

The ProACT Platform
The aim of the ProACT project was to design a single platform
for supporting people with multiple conditions, specifically 2
or more of the following: chronic obstructive pulmonary disease
(COPD), congestive heart failure (CHF), chronic heart disease
(CHD), and diabetes, to self-manage. These conditions were
chosen, as the World Health Organization identified the 4 key
types of chronic diseases as cardiovascular, chronic respiratory
diseases, diabetes, and cancer [35]. In addition, outcomes from
a multimorbidity study by Barnett et al [6], with data collected
from 1,751,841 people in 314 medical practices in Scotland,
showed CHF, COPD, and diabetes as significantly linked disease
conditions with related comorbidities (eg, hypertension).
Although the platform was initially developed to support people
self-managing combinations of these conditions, it is sufficiently
flexible to allow new conditions to be added to the platform
over time.

The ProACT platform was designed and developed using an
extensive user-centered design process. This process involved
interviews, focus groups, co-design sessions (hands-on design
activities with participants; Figure 1), and usability testing before
the platform’s deployment in the trial. A total of 58 people with
multimorbidity and 106 care network participants, including
informal carers, formal carers, and health care professionals,
across Ireland and Belgium participated in this process. The
findings from the user-centered design process have been
published elsewhere [21,28,36,37].

Figure 1. Participants in co-design workshops (A) choosing color schemes; (B) matching icons to labels.
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The ProACT platform, designed and developed based on the
findings from the above phases, has the following components:

• Measurement and sensing devices: off-the-shelf devices
were used to collect health (blood pressure, heart rate, blood
glucose, and pulse oximetry) and well-being (weight,
activity, and sleep) readings from people with
multimorbidity in their homes.

• ProACT person with multimorbidity CareApp: a web-based
app delivered on an interactive device such as a tablet or
smartphone that supports the monitoring of person with
multimorbidity status and provides feedback and education
to support health and wellness self-management. The
CareApp has been designed to minimize the burden of
self-management, for example, by helping people with
multimorbidity prioritize condition management.

• ProACT care network CareApps: customized CareApp
interfaces, developed for people in the person with
multimorbidity’s care network (informal carers, formal
carers, and health care professionals), enables the viewing
of the person with multimorbidity’s health and well-being
data, once the person with multimorbidity has agreed to
share it.

• Context-aware brokering and inference engine (CABIE+):
a source-agnostic data collection system to collect and
organize sensor and self-reported data collected through
the CareApp.

• Subject information management system (SIMS): a user
management system allowed researchers or service
organizations to personalize CareApps to individuals and
manage, inspect, and analyze data.

• SIMS Triage: a version of the SIMS user management
system was developed specifically for the clinical triage

staff to view and respond to risk-stratified alerts from data
collected by people with multimorbidity. This system
provides clinical triage staff with a holistic view of the
person with multimorbidity, displaying data relevant to
their various conditions.

• KITE (Knowledge InTEgration) platform: a cloud-based
infrastructure that allows the aggregation and processing
of health data using a dynamic set of analytical components.

• CareAnalytics: innovative analytics to detect and react to
data collected using ProACT. CareAnalytics support
multimorbidity self-management, for example, by ensuring
that any recommended content considers the person’s
overall condition profile, and behavior change, for example,
by recommending educational content or highlighting a
condition that needs attention, based on a person with
multimorbidity’s current health and well-being status.

The platform focused primarily on supporting the management
of a collection of health symptoms and well-being parameters
(relevant to the conditions of interest outlined above), helping
users to understand the relationships between their symptoms
and conditions, providing education relevant to individual
conditions while also ensuring that this education considers
multiple conditions, and provides a single app where people
with multimorbidity or care network users could view all data
and relevant content. The platform was developed to be
compliant with the European Union’s (EU’s) General Data
Protection Regulation (Regulation [EU] 2016/679) and
underwent a data protection impact assessment before its
deployment in the trial. Figure 2 illustrates the data flow between
the different ProACT components. The following section
provides a more in-depth overview of the components, primarily
focusing on the person with multimorbidity CareApp.

Figure 2. Data flow within the ProACT platform. CABIE: context-aware brokering and inference engine; KITE: Knowledge InTEgration; PwM: person
with multimorbidity; SIMS: subject information management system.

ProACT Person With Multimorbidity CareApp

Overview
In this section, we describe the CareApp used by the person
with multimorbidity participants during the PoC trial. Further
details on how we mapped specific user requirements to ProACT

design features have been published elsewhere [37]. The
following subsections outline the various features within the
CareApp. The content of the CareApp is personalized at both
condition and individual levels. For example, participants with
diabetes and COPD will not see any features or content with
respect to CHF management. Individuals with diabetes may
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decide that they do not want to collect blood glucose data. This
personalization is achieved within the SIMS system and is
described below. The CareApp was developed as a responsive
web app and is therefore accessible across a wide range of
devices and platforms.

Symptom Monitoring and Reflection
Findings from our requirements gathering study highlighted
that those managing multimorbidity need to monitor several
health and well-being parameters on a regular basis; therefore,
digital health apps to support multimorbidity need to consolidate
multiple health and well-being parameters into a single app
[21]. Access to data has also been shown to support behavioral
change and the self-management of chronic conditions [16].
Where available, off-the-shelf sensors and devices were sourced
to monitor these parameters, whereas questions delivered
through CareApp’s Add Info section supported the monitoring
of additional parameters not measured through a device (eg,
foot care for diabetes, fatigue, and breathlessness). Figures 3-5
show the person with multimorbidity CareApp. The flower of
the dashboard (Figure 3) provides a quick overview of the
person with multimorbidity’s current status (eg, their current
step count and their last blood pressure reading). Petals can be
blue, orange, or pink. An orange petal highlights to the user that
they have not taken a reading for a particular parameter in the
past 5 days. Pink represents a nudge to the user to further explore
the petal, for example if a reading is outside the person’s defined
normal threshold. A symptom reflection feature was designed
as an extension of the flower dashboard design. Figure 4 shows

what happens when a user clicks on the pink petal containing
COPD symptoms in Figure 3. In addition to measuring and
viewing their symptoms, this feature encourages users to reflect
on their recent symptom readings with respect to their normal
readings by asking them whether their reading is within a normal
range for them. This feature was designed to support people in
understanding their symptom readings rather than passively
recording them. This may be particularly important when a
person first starts self-managing with the platform, whereas
later reflection may become more intrinsic.

Findings from our requirements study revealed that, sometimes,
the management of one chronic condition can be forgotten,
particularly if another is currently more acute [21]. The flower
design, and the logic behind it, ensures that if a condition is not
being monitored, it is brought to the attention of the person with
multimorbidity. This could be a prompt or alert to monitor
symptoms relating to that condition or educational content being
pushed to them. The flower acts as a subtle, unobtrusive
prompt—it is up to the person with multimorbidity to act on it.
Our requirements study [21] and research by others [12,38]
have identified that with multiple self-management tasks across
different conditions, there is an increased need to support people
with multimorbidity in prioritizing their activities, to reduce
complexity and time burden. Therefore, within the CareApp,
only the areas that require attention are highlighted. In addition
to the flower petals, people with multimorbidity can view any
of their historical readings through the View Readings section
of the CareApp (Figure 5).

Figure 3. CareApp dashboard.
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Figure 4. Reflection screen for abnormal chronic obstructive pulmonary disease symptoms.

Figure 5. Data trends over time.

Education and Training
Findings from the requirements study, and those of others,
highlighted that a lack of information is a significant barrier to
both effective self-management and motivation to engage in
self-management actions [21,39,40]. The selection of content
for the education section of the CareApp and its planned delivery
were therefore important tasks, and it was important to ensure
the provision of trusted, reliable information tailored to a person
with multimorbidity’s specific conditions and management
needs (including device and CareApp training). Within the
Health Tips section of the CareApp, there are two categories of
content: Did you know? contains educational content relevant

to self-management of the person’s conditions and well-being
(Figure 6), and How do I? contains custom-made video training
content on how to use the devices and CareApp. Educational
information for each disease was sourced from reputable sources
known to people with multimorbidity (eg, from national health
services in each country). Where possible, content was delivered
in three modalities (video, audio, and text) to cater to differences
in learning styles and accessibility. An important consideration
for the management of multiple conditions is that any education
provided to the person with multimorbidity considers their
current health status and their complete condition profile. This
is achieved through ProACT CareAnalytics, as discussed in the
section CareAnalytics.
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Figure 6. Educational content in ProACT (A)The library of educational content; (B) A tip in video format.

Personal Goals
Setting goals and progressing toward goal achievement are key
features for supporting the self-management of multimorbidity.
People with multimorbidity can set physical activity goals in
the ProACT CareApp. An overview of their weekly progress,
measured through their activity watch, and an intuitive interface
to help them set different goal modalities (eg, steps, distance,
and time spent walking), are accessible through the My Goals
section of the CareApp. Through messages and prompts,
ProACT users are supported in setting achievable and
incremental goals. The goal recommender described in the
CareAnalytics section below suggests realistic activity goals
based on the user’s most recent activity data. As the user
progresses and surpasses their targets, prompts suggest more
challenging goals. Similarly, if the person with multimorbidity
has difficulty reaching their target, they can say why this is by
choosing a reason from a predefined list (eg, they were unwell
this week), providing some context for why a particular goal
was not achieved. Our requirements gathering identified
additional features with respect to goal setting, such as
collaborative goal setting with the person with multimorbidity’s
care network and feedback on goal progress [36], which will
be integrated into future versions of the CareApp.

The Care Network
People with multimorbidity should be empowered to be
contributors in the selection of their care network. Research has
shown that the effective self-management of chronic disease
does not occur in isolation but often involves, and is directly
influenced by, support from informal carers and formal carers,
as well as health care professionals during clinical visits [41,42].
Our findings from the requirements gathering also highlight,
however, that the person with multimorbidity is often the
coordinator of their own care, given the lack of integration
among health care providers. Therefore, it is important that the
person with multimorbidity can choose whom, within their care
network, can support and contribute to their digital
self-management. A feature within the My Profile section of
the person with multimorbidity CareApp supports this, whereby
the person with multimorbidity can add someone to their

network and choose what data to share with them. CareApps
for informal carers, formal carers, and health care professionals
are accessible on their own devices (all CareApps are web based
and responsive), allowing these care network stakeholders to
see person with multimorbidity data that have been shared with
them.

Usability and Accessibility
The usability and accessibility of the technology are crucial to
ensure that users can easily interact with it. The CareApp was
designed and developed to comply with relevant accessibility
guidelines from tools, which are as follows:

• The Web Content Accessibility Guidelines 2.0 [43]: these
guidelines state that (1) content must be perceivable; (2)
interface components in the content must be operable; (3)
content and controls must be understandable; and (4)
content should be robust enough to work with current and
future user agents (including assistive technologies).

• British Broadcasting Corporation mobile accessibility
guidelines [44]: the British Broadcasting Corporation
standards and guidelines for mobile accessibility are a set
of technology-agnostic best practices for mobile web
content and hybrid and native apps.

• Automated accessibility checkers and tools: although not
as accurate as manual audits, automated accessibility
checking tools such as the Web Content Accessibility
Guidelines 2.0 offer better accuracy. A checker compliance
tool (website shutting down in April 2021 [45]) was used.
In addition, as color and contrast are important accessibility
features for older users, tools were sourced that
automatically check that colors have sufficient contrast
within the interface (such as the web aim color contrast
checker; [46]).

An accessibility and traceability spreadsheet was maintained
detailing each guideline and was used to record accessibility
issues and outline how they were resolved during the design of
the CareApps. Accessibility guidelines should only form a part
of an inclusive user-centered design process, as the most
definitive test of accessibility can only be evaluated with end
users [47]. End users, including people with multimorbidity and
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care network stakeholders, were involved as co-designers
throughout the entire iterative design and development process.
Usability sessions were conducted with person with
multimorbidity users from the early design phases, and
throughout the various time points of the trial, allowing us to
observe and gather feedback on usability and accessibility. The
results of these evaluations informed interface updates, further
enhancing the usability and accessibility of the app iteratively
across the project.

Context-Aware Brokering and Inference Engine
CABIE+ is a source-agnostic cloud-based data aggregation
platform. CABIE+ was the primary exchange mechanism used
to connect the distinct technology components in ProACT. This
component was used to centrally collect data from all connected
devices used by people with multimorbidity, to normalize these
data for storage, to make these data available to additional
CABIE+ and ProACT components (SIMS and KITE), and to
provide a configurable processing pipeline allowing incoming
data to be inspected and reacted to in real time.

Subject Information Management System
SIMS is an administrative tool that facilitates the management
of trial technologies, provides an abstraction layer for managing
multiple CABIE+ instances and provides researchers or service
organizations with a user-friendly, centralized service for
monitoring and inspecting the various elements of the ProACT
platform. SIMS also provides a user-facing application
programming interface, which was used in the creation of the
ProACT CareApps.

SIMS provides a number of features to facilitate the setup and
management of trials and data. End users can be added to the
system and their personalized profiles can be configured; for
example, entering demographic information, configuring
conditions being monitored within ProACT, and linking sensors

and devices to their profile (Figure 7). Adding and scheduling
educational content and self-report questions for delivery
through the CareApp was also done via SIMS (Figure 8). For
example, various categories of education and self-report
questions can be created and delivered to all participants or to
those with specific conditions. Furthermore, only participants
configured in the system as having heart failure will see
educational content and symptom questions related to that
condition. Participant data can be queried via the Inspect feature
(Figure 9), which shows the most recent inputs for each
participant, including how long ago they logged in to the system
(green indicates within the past day, red over a week ago). Each
parameter measured by the participant can also be queried and
viewed as a chart or table or exported for further analysis. SIMS
also allows for personalized symptom thresholds to be set and
generates alerts when symptom readings fall outside these
thresholds (eg, alerting a triage nurse when a person’s blood
glucose level is outside their normal parameters).

The SIMS triage interface (Figure 10) presents clinical triage
nurses with a list of alerts for individuals. Alerts are generated
when thresholds for different parameters, defined within the
system, are breached. For example, an alert for high blood
glucose is a reading over 14 mmol/L (configurable per
participant). Participants’ placement on the list is prioritized by
their alert status, that is, those with a red alert status appear
first. A tag also appears alongside the alert, indicating whether
it is new or under review. Within the dashboard, the nurse can
also view recently resolved alerts. Nurses can query the person
with multimorbidity’s health and well-being data (as shown in
Figure 9) to give them a holistic picture of the person with
multimorbidity’s status before calling them to discuss their
alerts. Nurses can also create notes with respect to alerts, thereby
allowing for a rich description of the context linked to alert
readings.
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Figure 7. Subject information management system dashboard, which allows for personalization and configuration of CareApps for person with
multimorbidity and inspection of their data (participant names removed from image).

Figure 8. Subject information management system interface showing tip categories available and a number of tips related to heart failure.
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Figure 9. Inspect feature in subject information management system allows querying of data for each participant and shows their most recent inputs.

Figure 10. Subject information management system triage interface dashboard showing alerts (real names are not used).

Knowledge InTEgration
KITE is a cloud-based platform providing a reliable storage
system for large volumes of data. In addition to being highly
scalable, it eases data maintenance and access through an easily
configurable data access configuration and transparently kept
traceability metadata. KITE is exposed as a set of authenticated
services for managing deidentified health data and coordinating
collaboration among data providers, system data analytics, and
data consumers. Figure 11 shows the actors of a typical
workflow within KITE: providers push new deidentified data
(eg, sensor data, self-reports, questionnaire results), which read
the already deidentified data and create new results, whereas
consumers read analytics’ output and show it to the final users

(people with multimorbidity and care network members). In a
real-world scenario, analytics can selectively share output among
themselves, allowing a complex CareAnalytic to be decomposed
into a set of simpler and smaller analytics before reaching a data
consumer.

From a logical point of view, KITE acts as a gate for all
communications, modeled in an asynchronous fashion to ease
maintenance and monitoring. Figure 12 shows the data flow
diagram within ProACT (for simplification, CareAnalytics are
represented with one box only; however, they might be
implemented as a set of simpler subcomponents). The diagram
is divided into three main areas: (1) data fetching, (2) personal
information, and (3) deidentified information. The left section
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lists all the data collected and pushed into the monitoring system
managed by CABIE+. The data are deidentified and sent to the
analytics that deal with deidentified information (right section).
Although personal information data are stored on CABIE+, the
deidentified information data (used by analytics) are stored in
KITE.

Within KITE, CareAnalytics have two main purposes: making
recommendations to people with multimorbidity (eg, by
suggesting a goal or picking the most appropriate training
material) and augmenting data (eg, creating aggregation or
person-centered results).

Figure 11. High-level Knowledge InTEgration architecture. KITE: Knowledge InTEgration.

Figure 12. Data flow diagram implemented in ProACT. Blue arrows: data exchanges that occur with any new data input; red arrows: data exchanges
happening at regular intervals, depending on the analytic. PwM: person with multimorbidity.

CareAnalytics
A CareAnalytic in ProACT is defined as a contextually aware
procedure or algorithm that can detect and react to patterns in
current or historic data available to ProACT systems. The
current catalog of CareAnalytics in ProACT is as follows:

• Data Cleaner: this analytic classifies the different types of
data in terms of quality (or reliability). In particular, the
analytics that require vitals as input work on the results of
the data cleaner instead of working on raw data. In addition,
it calculates thresholds (ranges considered as normal) for

the vitals that serve as an input for the Education
Recommender (described below).

• Goal Recommender: this analytic supports people with
multimorbidity in setting the weekly activity goals. The
user can choose to set a goal in terms of distance, steps, or
minutes spent walking. To suggest a goal value, the
recommender considers the person with multimorbidity’s
physical activity over the previous week and whether they
have met their previous goals. It also considers physical
activity guidelines for older adults and adults with chronic
conditions [48] to avoid giving major leaps in
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recommendations. Finally, a maximum threshold (18,000
steps per week) was set as the total recommendation to
ensure that the levels of activity were not too high for
patients with chronic conditions and older adults [48].

• Education Recommender: this analytic facilitates the
presentation of personalized educational and training
materials within the CareApp. It uses thresholds on vitals;
therefore, if any parameter has reached a value outside the
normal range, then the person with multimorbidity will be
presented with relevant educational material.

• User Engagement Analyser: this analytic tracks the person
with multimorbidity’s use of sensing devices and the
ProACT CareApp.

• Probabilistic Health and Wellness Profiler: this is a
probabilistic model of the person with multimorbidity
describing them through several dimensions. Specifically,
a categorical Bayesian network was learned using the open
The Irish Longitudinal Study on Ageing (TILDA) data set.
The TILDA data set holds data on 8504 individuals aged
50 years and above [49]. Variables were selected to cover
several dimensions relevant to the conditions being
monitored by ProACT and other relevant parameters such
as vitals (eg, symptoms such as blood pressure), assessments
(eg, nonsensor data such as fear of falling), self-reported
wellness (eg, sleep quality), behaviors (eg, steps or physical
activity), demographics and conditions (including the
ProACT conditions COPD, CHF, CHD, and diabetes), and
relevant comorbidities, such as additional chronic
conditions, depression, and anxiety. The main goal of the
model is to provide a comprehensive overview for a specific
person with multimorbidity and their health and well-being
states across different dimensions. Furthermore, the
Bayesian network model could be used to infer the level of
a missing variable based on the available measurements.
For instance, a possible output would be the probability of
a low physical activity score for a male aged 70-75 years
with high blood pressure and diabetes. Some or all of these
outputs can be used by other analytics. Further information
can be found in Deparis et al [50].

During the ProACT PoC trial, detailed below, the Data Cleaner,
Goal Recommender, and User Engagement Analyser
CareAnalytics were implemented and used within the ProACT
platform. The development of the Health and Wellness Profiler
and the Education Recommender only occurred as data became
available during the trial to help build and validate these
analytics, and as such these were not present within the ProACT
platform during the trial. However, the goal is to integrate these

into future versions of the platform to further enhance
personalization and multimorbidity management.

Methods

Inclusion Criteria and Recruitment
Trials occurred in Ireland and Belgium. The inclusion criteria
for people with multimorbidity were that they were aged >65
years and had a diagnosis of two or more of the following
diseases: diabetes, COPD, CHD, and CHF. It should be noted
that 1 participant in Belgium was aged 60 years. This participant
had initially recorded an incorrect date of birth on the screening
documentation, and this was not discovered until after the
participant had already begun the trial. This person was excluded
from the core analysis presented in this paper. However, a
separate analysis of their data was conducted, and the outcomes
reflected those participants aged 65 years and above. Participants
were recruited from a number of sources, including social groups
for older adults, condition support groups, social media, radio
and local newspaper advertising, formal care organizations,
health care professionals, pharmacists, and living lab agencies.
People with multimorbidity could also nominate up to 5 people
to be part of their care network (including informal and formal
carers and health care professionals). A total of 73 care network
participants consented to participate. However, this paper
focuses solely on the person with multimorbidity participants.

Study Design
The study was a PoC trial, which used an action research design,
to allow for continuous feedback from participants and
refinement of the ProACT platform throughout the trial. There
were 3 action research cycles (ARCs) and 4 time points (T1-T4)
of data collection, involving collection of questionnaire data,
semistructured interviews, and usability testing (Figure 13).
Refinements were made to the ProACT platform based on the
feedback from participants at the end of each ARC. The same
study design and methodologies were used across Ireland and
Belgium to ensure consistency and comparability. The specific
objectives were as follows:

• Evaluate the usability and acceptability of the ProACT
CareApp and devices

• Evaluate user adoption and satisfaction with the technology
and services

• Evaluate experiences of using ProACT

In this paper, we focus on the findings from studies that relate
to engagement with the platform and usability.

Figure 13. Study timeline across action research cycles. ARC: action research cycle.
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Procedures
Each participant was provided with an iPad, a smart watch to
monitor sleep and activity, a digital weight scale, and a digital
blood pressure cuff. Those with diabetes were provided with a
blood glucose monitor (glucometer), whereas those with COPD
were provided with a pulse oximeter to measure oxygen
saturation levels. During the initial visit to the participant’s
home, the devices were set up by the researcher, and training
was provided on using the devices. A second visit,
approximately 1 week later, introduced the ProACT CareApp
to the participants, and further training was provided. Each of
the participants received a detailed paper-based training manual,
while training videos on how to use the devices and CareApp
were also available in the Tips section of the CareApp. The
participants were asked to use the ProACT platform as they
wished to evaluate how ProACT would fit into their lives
naturally. During the trial, data from the participants were
monitored by a clinical triage service in each country, appointed
through a tendering process. The triage staff determined a
protocol for alerts and escalation procedures in the case of an
alert. The alerts were set within the SIMS triage platform
described above. These were initially set at a global level (eg,
the same blood glucose thresholds were set for all diabetic
participants) and as the trial progressed, these could be
individualized based on a person’s normal range or input from
their health care professional. The triage staff responded to alerts
between 9 AM and 5 PM, Monday-Friday (hours were limited
because of project budget) and made monthly check-in phone
calls. Participants were made aware of the hours of triage, both
through their project information sheet and a weekly pop-up
message in the CareApp. Participants also had a helpdesk
number they could call if they experienced any technical issues
or wanted to request further training. A researcher was available
to answer calls between 9 AM and 5 PM, Monday-Friday.
Outside these hours, the participants could leave a message.

Data Collection and Analysis
The full study protocol, including details on all data collected
during the trial and full analysis procedures, can be found in
Dinsmore et al [51]. For the purposes of this study, data
collection comprised interview data and questionnaire data on
usability and user burden at each time point, which coincided
with the end of each ARC. These data were collected at the
participants’ homes. Interview protocols at time point T1
covered motivations and expectations, whereas interviews at
later time points covered a range of topics with respect to
participants’ experiences in terms of using the technology,
benefits and challenges, their self-management practices, and
care network support. Interviews were audio recorded and
transcribed verbatim. A semantic thematic analysis [52] of these
transcripts was then conducted using NVivo for Mac (version
11) in Ireland and MAXQDA in Belgium. A selection of
transcripts was coded by 2 researchers to ensure a thorough
iterative identification of a wide range of semantic themes.
Initial broad coding was performed to identify the themes of
interest, as covered within the interview protocols. Within these
broader themes, an iterative thematic analysis was conducted
to uncover the subthemes. Themes with respect to engagement
are presented in this paper, whereas other themes (such as those

relating to the self-management journey, experiences with the
technology, behavioral change, and collaboration with the care
network) are being submitted for publication elsewhere. Data
on engagement with the system were logged through the
ProACT platform, and metrics analyzed included the number
of symptom readings per day and engagement with different
sections of the CareApp.

Although additional data were collected during the trial, such
as interview data with care network participants and triage staff,
as well as the symptom and well-being data collected through
the ProACT platform, the analysis of such data is outside the
scope of this paper and will be published elsewhere.

Ethical Considerations
Ethical approval was received from 3 ethical committees in
Ireland and 4 in Belgium. All procedures were in line with the
General Data Protection Regulation for research projects, with
the platform and trial methods and procedures undergoing data
protection impact assessments in both countries. Written
informed consent was obtained on an individual basis from
participants in accordance with legal and ethical guidelines in
each trial region, following a careful explanation of the study
and provision of patient information and informed consent forms
in plain language. All participants were informed of their right
to withdraw from the study at any point without having to
provide a reason for this.

Results

Overview
In total, 120 people with multimorbidity consented to participate,
60 in Ireland and 60 in Belgium. In Ireland, the average age of
the participants was 74.23 (SD 6.4) years, and 60% (36/60)
were male. In Belgium, the average age of the participants was
73.61 (SD 6.49) years, and the participants were predominantly
male (43/60, 72%). Additional demographic data are presented
in Table S1 of Multimedia Appendix 1. In this section, we
present findings with respect to engagement with the ProACT
platform, usability, and user burden and outline findings from
the interviews with person with multimorbidity participants
across the different time points that relate to engagement with
ProACT. In particular, we focus on motivations to engage along
with facilitators and barriers to engagement. At the end of the
participant quotes, we identified the participant with the legend
(ID, gender, age, inclusion conditions, time point, and country).

Engagement With ProACT
Over the course of the 12-month trial, the majority of
participants remained engaged with ProACT. By the end of the
trial, 3 participants had died in Ireland and 8 had withdrawn,
resulting in 49 participants in Ireland completing the trial. In
Belgium, 16 people withdrew, resulting in 44 participants
completing the trial. Exit interviews were conducted with a
subset of those who withdrew early and who consented to this.
The reasons for withdrawal are discussed below in the Barriers
to Engagement section.

Engagement with the sensor devices (used to record key
symptom data) and ProACT CareApp were measured through
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the platform. The heat maps in Figures 14 and 15 illustrate high
levels of engagement with the ProACT devices for measuring
key symptoms and well-being parameters, by the majority of
participants in Belgium and Ireland, respectively. The horizontal
bars of each graph depict one participant, with the start of the
bar indicating their recruitment to the trial and the end of the
bar indicating their exit from the trial. White bars indicate
dropouts or those who died. During the trial, there was an
average of 40 (SD 7.6) users in Ireland and 43 (SD 16.6) users
in Belgium, taking measurements on a daily basis. The
maximum number of participants recorded taking measurements
on any day during the trial was 48 in Ireland and 60 in Belgium.
Participants had an average of 2 daily readings in Ireland and
three daily readings in Belgium.

Figure 16 shows how the ProACT CareApp was used across
all trial participants: each row is a session and each cell is
colored depending on the time spent on each section of the
CareApp (the sections can be seen in the bottom menu in Figures
3-5). White cells are sessions with no visits to the correspondent
section. With this in mind, My Profile and Tips were less visited
sections. The rest of the sections are quite dense in the graph,
which means that they have been frequently visited. More green
cells are visible in View Readings, which means that participants
spent more time checking their vitals than entering data or
looking at their Dashboard (Figure 3). Furthermore, Tips,
despite being a less visited section, has a significant number of
green cells, which is expected as participants would likely spend
more time here, viewing relevant educational videos or reading
health tips.

Figure 14. User engagement in Belgium—daily symptom readings.

Figure 15. User engagement in Ireland—daily symptom readings.
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Figure 16. Heatmap of CareApp section visits across the trial period.

Figure 17 shows the percentage of time, on average, that trial
participants spent in different sections of the CareApp. No
significant difference was recorded for those aged less than 74
years compared with those aged over 74 years across the
different sections of the CareApp. When a user opens the
CareApp, they land on the Dashboard, which accounts for the
highest percentage of section visits. The View Readings (where
participants could see an overview of all their health and
well-being data) and Add Info sections (where participants could
answer the daily questions or add a manual symptom reading)
were the most frequently visited sections by both age groups.
Participants navigated to the Tips section less often. This may
be because the Tips were used mostly at the beginning of the
trial, as participants were learning about their conditions and

self-management. Future work will examine this issue further.
Similarly, the reflection feature (Figure 4), which asks
participants if a particular daily reading is high or low for them,
was not used as much as other sections of the CareApp, and our
data show that its use declined over time.

Finally, the Goal Recommender was implemented within the
platform for the final 8 weeks of the trial, primarily to test
whether it worked as expected. Approximately half of the
participants (53/96, 55%) set at least 1 activity goal during this
period. Almost 75% (39/53) of participants set their goals in
steps rather than meters or minutes. Furthermore, participants
felt comfortable with the metric chosen—just 3 changed it over
the course of the 8 weeks (from distance to steps).

Figure 17. Percentage of time participants engaged with different sections of the CareApp across the trial period, categorized by age group.
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Usability and User Burden of ProACT
The participants completed the system usability scale (SUS) at
T2, T3, and T4. The SUS is a 10-item questionnaire and is a
quick and reliable tool for measuring the usability of both
hardware and software products [53]. SUS scores range from
0 to 100. A value above 68 indicates that the system is usable.
Table 1 indicates that SUS scores during the trial over time

points T2, T3, and T4 remained relatively the same in Ireland
and Belgium and above the threshold of 68, which indicates
that participants considered ProACT to be usable. User burden
was also measured at T2, T3, and T4 using the user burden
questionnaire that measures the burden across six constructs,
including difficulty of use, physical, time and social, mental
and emotional, privacy, and financial [54]. No significant
increases in burden were experienced over time.

Table 1. Usability and user burden scores across time points in Ireland and Belgium.

Time points, mean (SD)

T4T3T2

Usability

75.6 (14.7)72.4 (14.5)74.6 (14.6)Ireland

75.5 (20.8)74.9 (16.8)78.1 (17.0)Belgium

User burden

5.5 (4.6)5.0 (4.4)4.7 (4.0)Ireland

5.8 (6.6)5.2 (5.1)3.2 (3.1)Belgium

Participant interviews provided insights into possible usability
and burden issues associated with using the platform. The SUS
did not distinguish between the ProACT CareApp and
symptom-monitoring devices. However, participant feedback
suggests that the majority of usability issues lay with using the
devices, in particular the blood pressure monitor and the
glucometer, which was a source of frustration for some
participants:

I just stopped taking the blood pressure
measurements. Because all the equipment wasn’t
working properly. In that it wasn’t connecting to the
iPad. There was one morning I timed it and it was
only after spending half an hour connecting the thing
on the screen. [P009, male, 71 years,
COPD+CHD+Diabetes, T3, Ireland]

Questions about accuracy were also noted: “Look last Friday
it did not register sleep, why not?” [P106, male, 70 years,
diabetes+CHD+CHF, T2, Belgium]. P103 (female, 79 years,
diabetes+CHD+CHF, T2, Belgium) who had mobility issues
stated that her limited steps do not always register.

Despite several reported device issues, participants felt that the
platform was usable:

The app itself I think is very good. And I think it’s
helpful to get people to focus on a small number of
things. That are key to their, you know their health.
To also have a system that was easy to use, it is easy
to use. [P015, male, 82 years, diabetes+CHD, T3,
Ireland]

Everything links in quickly enough...And I don’t have
a problem, there’s no delay or whatever in it. It’s
straightforward. I think the equipment is excellent.
[P012, male, 67 years, diabetes+CHD, T3, Ireland]

Motivations to Engage

Overview
Two primary subthemes emerged with respect to motivation to
engage at T1, which remained present at T2, T3, and T4 as
reasons for continued engagement with ProACT:

• Improving self-management
• Improvement of health and well-being

Improving Self-management
At the start of the trial, improving self-management was noted
by the majority of participants as the reason they wanted to
engage with ProACT:

I haven’t focused sharply enough [on health] and this
is where I think this programme maybe will give me
a bit of a kick in the backside, where it’s very in your
face and very visual and you know, just to see like
say the blood pressure or the blood sugar readings.
[P033, male, 65 years, diabetes+CHD, T1, Ireland]

The participants felt that improved self-management would be
achieved by gaining insights into their health from actively
self-managing and seeing results, learning about conditions,
learning what to avoid, and learning what to do if symptoms
are changing.

At the start of the trial, a number of participants discussed how
they hoped using ProACT would lead to increased confidence
both in terms of managing their health and engaging with
activity:

You know, seeing the results, it might give more
confidence...I’d like to be able to have a round of golf
and also I’d love to get back and play an odd set of
tennis. [P052, 78 years, male, diabetes+CHD, T1,
Ireland]

P052, like many participants before beginning the trial, was
fearful of undertaking physical activity in case it exacerbated
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their conditions. Interview data from later time points in the
trial show the participants became more empowered and
confident in their self-management, as they used the ProACT
CareApp to reflect on and compare data from a range of devices,
in 1 place, across multiple symptom and well-being readings:

[The technology] gives you confidence, to be honest
with you. And I quite like being able to take my own
blood pressure and stats, so as I’m still in control.
[P031, male, 70 years, CHF+CHD, T2, Ireland]

P115 spoke of her fear before the trial, as an exacerbation could
happen at any time:

I was living on a timebomb. Now, I do not live on any
different timebomb than anyone else. [P115, female,
73 years, CHF+CHD, T3, Belgium]

You are not as frightened because you know your
readings and everything like that. [P036, male, 72
years, COPD+CHD, T4, Ireland]

This was partly linked to higher levels of awareness:

Well, I suppose by being a bit more aware and a bit
more in control, it’s a positive thing and I suppose
you have a bit more confidence as a consequence.
[P033, male, 65 years, diabetes+CHD, T2, Ireland]

Participants also reported making sense of how their actions
affected their health, giving insight into what behaviors they
could moderate or change to improve their various health
readings:

Well it’s telling me what’s going on I suppose, I’ve a
better idea myself and can relate the two together. If
I haven’t had activity, I can see how that is affecting
blood sugars. I can see the relationship between the
two, it’s becoming clearer. [P012, male, 67 years,
diabetes+CHD, T3, Ireland]

Related to this, participants reported taking action based on
their insights across their conditions and well-being, including
changing their behaviors to improve their health readings.
Participants also reported taking action with respect to their use
of health care and interactions with health care professionals:

It is one of the reasons, through the use, that I went
to my GP. That I said look, I am a bit worried. And
then we looked for a solution and different medication
and such. And that has changed due to [ProACT].
[P71, male, 69 years, COPD+CHD, T2, Belgium]

Notably, some participants reported going to the doctor less as
they had more confidence from knowing their readings:

When I get an attack, the COPD or whatever flares,
I can recognise [now] whether I need an antibiotic
or not...Whereas before [using the technology], as
soon as my breathing sort of laboured I’d be at the
doctor. [P045, 74 years, female, diabetes+COPD, T4,
Ireland]

Many participants experienced benefits from such actions, which
motivated engagement with the ProACT platform:

It’s a whole health awareness...That’s what [the
technology] has created. Before this, I knew I needed

to look after my health, but nobody does, and I got
this system, now it’s become a matter of routine.
[P053, male, 71 years, diabetes+CHD, T3, Ireland]

For P034, who reported struggling with mental health
challenges, it was especially reassuring to see mood changes
including periods of positive mood:

Oh, that was the highlight of my week, looking back
on how I was doing...If I saw my graph was going up,
and I wasn’t as anxious yesterday as I was before,
that would give me a bit of a boost. [P034, 67 years,
male, COPD+CHF, T4, Ireland]

Improving Health and Well-being
At T1, many participants expressed hope that engaging with
ProACT and improving their self-management skills would in
turn lead to improved health and a better quality of life, and this
was the case for a number of participants:

My health has improved immensely...I’ve probably
got the AFib [atrial fibrillation] under control...But,
as I say, I’ve lost weight and I feel much better in
myself. Mentally, physically, every way. [P031, male,
70 years, CHF+CHD, T3, Ireland]

Indeed, throughout the trial, there were a number of critical
clinical outcomes reported by participants in both Ireland and
Belgium, where engagement with ProACT exerted a clear
impact on a health outcome or directly influenced a change in
treatment or care for the participant:

I’ve been in with my GP, he’s increasing the
medication. And we’re still not there with it, so it may
need to be tweaked further. So, without this system I
might’ve been, you know, pretty oblivious to the fact
that there is an issue there you know. [P033, male,
65 years, diabetes+CHD, T3, Ireland]

Participants reported symptoms stabilizing as a result of
implementing self-management practices:

I mean on average they [blood glucose readings]
were 14 or 15 [14 mmol is threshold for a high alert],
before this research started. And that was continuous.
Now it’s halved. Because I’m focused on improving
it. [P014, male, 70 years, diabetes+CHD, T3, Ireland]

Changes in food and diet were also widely reported, as well as
increased activity levels, particularly as participants began to
see the links between their activity and symptoms:

Well, the whole thing for me really is trying to get my
weight down and keep my blood sugars down. And
it’s more stable...It’s [ProACT] done everything
really, it’s gotten my exercise levels up because it
focused me on it. It’s got my blood sugars back in
order. [P048, male, 67 years, diabetes+CHD, T2,
Ireland]

When I started [ProACT] up to now, I feel fitter...It
is only 4000 steps, but I used to do maybe like 300
steps a day. [P111, male, 76 years,
diabetes+CHD+COPD, T3, Belgium]
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Although participants in Belgium reported experiencing
stabilization of symptoms and improvements in terms of activity
and weight, few participants explicitly stated that they thought
their health had improved. Most of the perceived health
situations remained stable, except for those who endured health
setbacks because of their illnesses or unfortunate incidents (eg,
P117 had a fall and P81 had a car accident). However, 1
participant linked his engagement with the technology and the
triage service with his continued ability to live alone:

They [family] were planning on doing that last year
[sending him to a nursing home], now I do not have
to, because I can make my own plan, because I can
control myself. [P74, male, 72 years,
diabetes+CHD+CHF, T3, Belgium]

When participants attributed potential changes in health to using
the platform, they were related to changes in attitude or
behavior.

Potential Facilitators of Engagement
An important element of the ProACT platform, which was
implemented during the trial, was the service provided alongside
platform usage. A large theme that emerged across T2, T3, and
T4 was Service and Support, which had 2 elements, namely,
the triage service and the technical helpdesk. The triage service
was one of the most commonly discussed topics by ProACT
users in Ireland and Belgium. The majority of participants
commented on the reassurance of having their readings
monitored by the triage service. Most found it beneficial to
know someone was looking out for them behind the scenes and
making sure their readings were within a normal range:

The fact that...I knew someone was keeping an eye
on it. And if that something was going out of kilter
[range] that I’d get a nudge. And that’s all I’d need...I
know there’s a nurse there who’s looking at these
figures. [P015, male, 82 years, Diabetes+CHD, T3,
Ireland]

Participants also noted how the triage nurses acted as a backup
if they were to miss something, which gave further peace of
mind:

It has given my wife a feeling of reassurance. People
are keeping an eye on me. For me...it is also a
reassurance. [P81, male, 68 years, CHD+CHF, T4,
Belgium]

As noted above, a number of participants reported clinical
outcomes during the trial, and many of these were a result of
triage intervention:

They [triage] had suggested maybe to go and get my
cholesterol checked and my cholesterol was a bit high.
It had been going a bit high and then my medication
was changed, and it was as a result of ProACT.
[P039, female, 66 years, COPD+CHD, T4, Ireland]

[Triage nurse] told me get her into a hospital straight
away otherwise you’re going to have a body on your
hands. Bring her out to the hospital and tell them the
way she is. And I did that, and they kept her in...Yeah
she [nurse] wanted to send an ambulance. [Husband

speaking during T3 interview for P018, female, 73
years, diabetes+CHD, T3, Ireland]

Social connection and personalized care were also identified as
a subtheme within the triage service theme, whereby users felt
that the triage nurses truly cared about their well-being. The
majority of participants commented on how the nurses took the
time to chat to them, enquire about their health, and found the
phone calls to be a very pleasant experience: “What I think is
so good about it, is that you have the feeling that someone thinks
it is important what I do.” [P101, male, 72 years, CHF+CHD,
T3, Belgium]. Participants also appreciated the continuity of
care and that the nurses always followed up on any issues,
something many participants felt was lacking with their usual
health care providers.

The research teams also operated a technical helpdesk that
participants could call (Monday-Friday, 9 AM-5 PM) if they
were experiencing any difficulties using the technology. When
a participant called the helpdesk, the researcher attempted to
troubleshoot with the participant over the phone. If this was not
possible, then a researcher visited the participant to ensure that
the issue was resolved. The responsiveness of this service was
an important element in ensuring that participants could remain
technically engaged with the ProACT platform and provide a
fast and meaningful response to technical barriers encountered
by participants, which might otherwise have resulted in
disengagement:

I was helped along every time...[researchers] arrived
straight away or as soon as possible to sort it out for
me. [P043, female, 77 years, COPD+CHF, T4,
Ireland]

To offer context to the necessity of the helpdesk, there were a
total of 355 calls to the helpdesk in Ireland over the course of
the trial (helpdesk calls were not tracked in Belgium). Of these,
22% (78/355) were administrative calls, such as participants
informing the team of an upcoming holiday or requesting
clarification on interview dates. The remaining 78% (277/355)
were related to tech support. Of these, 76 calls were requests
for peripherals (eg, batteries for the blood pressure cuff and
additional testing strips for the blood glucose monitor), 121
were for devices not working (eg, a blood pressure cuff that
would not turn on), 50 related to data syncing issues (eg, if
participants did not see their readings appear in the ProACT
CareApp), 31 related to data accuracy concerns (eg, if a
participant’s own blood glucose monitor had a different reading
to the digital one provided with ProACT), and 29 involved
pairing or connection problems (eg, accidentally turning off
Bluetooth).

Barriers to Engagement
Although the majority of participants learned to master the
ProACT technology over time, technical issues were a barrier
that ultimately led to some participants withdrawing from the
trial. For P007 and P037 in Ireland, the reasons for withdrawal
were frustration with the devices. Both found the devices and
apps complicated to use: “It was just too hard to do because
you couldn’t in the first place take the blood pressure anyway
because it wasn’t working.” [P037, female, 82 years,
COPD+CHD, Ireland]. Although care was taken to address
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these issues, for example, by replacing devices and providing
further training, the initial experience for these participants
resulted in a negative perception of the technology, which led
to their disengagement. Related to this was a lack of trust in the
readings. Some participants, including P93 and P105 in Belgium,
found that the digital glucometer provided for the trial gave
higher readings than their own personal glucometer, which
caused them to distrust data from the trial device.

The second most common reason for withdrawing from the trial
involved the complexity of the participants’ conditions. For
some, monitoring with ProACT felt like an added burden. Three
participants in Ireland who withdrew did so as they felt they
had enough to deal with in managing their conditions or with
health complications which had arisen since the start of the trial.
This was expressed by an informal carer for P007: “I think P007
has enough to contend with at the moment” [IC for P007,
female, 78 years, diabetes+CHD, Ireland] and by P037 who felt
under pressure to generate readings:

Well I was conscious of how much I was walking, you
know and I’d walk up and down to the shed a whole
lot of times if I wasn’t out. So that was it, but I
couldn’t stick that for a year. [P037, female, 82 years,
COPD+CHD, IE]

P007’s informal carer noted that readings generated concern:
“Sometimes it was a little bit scary when you were getting those
readings.” P105 (76 years, female, diabetes+COPD+CHD,
Belgium) stated that she experienced an extra burden by being
confronted by some of the information provided by ProACT.
She said that as a patient with diabetes, she already needed to
be aware of a lot and that the pressure she felt from seeing the

additional readings, such as activity, was experienced as too
much of an extra burden.

Discussion

Principal Findings
This paper has presented the ProACT platform alongside
findings with respect to engagement and usability from a 1-year
PoC trial of the platform with 120 older people with
multimorbidity across 2 EU countries. The findings demonstrate
that the majority of participants actively engaged with the
platform over the full duration of the trial, taking on average
between 2 and 3 readings every day and engaging with
self-reporting and their data in the CareApp. The qualitative
data indicate that participants were motivated to engage as they
found value and benefit in using the platform, including
improving their self-management, gaining confidence, and
experiencing health and well-being benefits. The results also
indicate that participants found the platform usable and of low
burden. Our study makes two primary contributions to the
literature. First, we describe a novel, comprehensive digital
platform, including CareApps, participant management, clinical
triage, and analytics, and outline how it has been designed to
support the self-management of multimorbidity. A recent
systematic review highlighted that such platforms are lacking,
and those that exist only target single disease management [29].
Second, we demonstrated that older adults were actively engaged
with the platform over a 1-year period and we presented
qualitative data to understand the possible reasons for this result.
Textbox 1 summarizes the potential factors that may have
enhanced engagement, which are elaborated upon in the
remainder of this section.

Textbox 1. Likely impact of ProACT components on engagement.

Outcomes

• Engaging with symptom and well-being monitoring

• Engaging with reviewing data and acting on it

Potential Factors That Enhanced Engagement

• User-centered design (understanding needs and requirements)

• Usability of app

• All data on 1 platform

• Benefits experienced because of monitoring

• Technical support when needed, including face-to-face training during deployment and technical training via the application supplemented by
paper-based materials

• Clinical oversight and support provided by triage nurses

Recently, researchers of human-computer interaction have begun
to explore how technology can support the self-management of
multimorbidity [18,21,22,24,55]. The majority of this research
has focused on suggesting design requirements for technology,
including understanding the requirements of people with
multimorbidity and those who care for them [21-23,55],
supporting communication about values with people with
multimorbidity and health care professionals [27], managing
health care conflicts [24], and medication management [20,28].

Research has also suggested potential reasons for those with
multimorbidity not engaging with technology-supported
self-management (including self-tracking being experienced as
work and perceptions that health care professionals are not
interested in self-tracked data) [18]. Our work in designing and
developing the ProACT platform occurred before much of this
recent research was published, with the trial beginning in April
2018. However, there are parallels in terms of design suggestions
for multimorbidity management. Ancker et al [18] stated that
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technologies for multimorbidity self-management will only be
successful if they do not place further inconvenience or burden
on the person. Indeed, earlier phases of our work, to understand
user needs, highlighted how consuming it is living with and
managing multimorbidity [21]. This was one of the primary
drivers for designing a single platform for multiple
self-management tasks, which includes features and analytics
to help people with multimorbidity prioritize their conditions
(eg, by highlighting on the dashboard flower those currently
needing attention; Figure 3).

Caldeira et al [24] suggested three design guidelines for
technology to support multimorbidity management: promoting
conflict awareness (between disease and self-management
approaches), supporting conflict resolution (to the most relevant
approaches depending on symptom changes), and promoting
patient expertise (to enact the approaches needed), which were
considered while designing the ProACT platform. Considering
patient expertise, the authors suggest that providing detailed
health information and education can facilitate learning and
contribute to expertise [24]. Our earlier findings also highlighted
the lack of support people with multimorbidity receive in
self-management [21], which identified the need for educational
material, appropriate training on using self-management
technology, and a triage service that would not only respond to
symptom alerts but also motivate, support, and reinforce
education presented through CareApp. People with
multimorbidity in our study reported more awareness and
increased confidence with respect to self-management,
demonstrated the knowledge of their conditions, and what can
impact them. With respect to designing for conflicts,
CareAnalytics within ProACT have been designed to support
the recognition and resolution of conflicts. For example, the
Health and Wellness Profiler computes a probabilistic
description of the person with multimorbidity, which is
particularly important for multimorbidity, and all conditions
can be considered while assessing the risk associated with the
other variables in the model. For instance, the estimated
probability of a given physical activity level is not the same if
the person with multimorbidity has a fear of falling in addition
to COPD. Using an automated goal recommender that
considered individual patterns related to the performance of a
given behavior (eg, goal achievement, optimal levels of activity),
disease, symptoms, and usage of the recommendation feature,
contribute to more personalized and adaptive digital health
interventions. The goal recommender was only implemented
for 8 weeks during the trial and was focused solely on physical
activity goals. Future work with respect to this feature and
analytic will focus on a more holistic approach to goal setting
to better support the self-management of multimorbidity, in line
with findings identified in our previous research [36]. Similarly,
the education recommender will ensure that any recommended
content considers the person with multimorbidity’s condition
and comorbidity profile as well as their current status to help
them better understand potential conflicts and how to deal with
them. With time, the artificial intelligence systems within
ProACT are expected to learn from the data to provide more
accurate recommendations and include additional parameters
of personalization (eg, progress in other health behaviors,
personalized education).

Despite this promising recent interest in understanding how to
design technologies for the self-management of multimorbidity,
there is little research on platforms that have actually been
designed and implemented or evaluated for longitudinal periods.
However, there is an abundance of research exploring how
technology can support the management of single chronic
diseases, including diabetes [56-58], COPD and related
respiratory diseases [59], chronic kidney disease [60], and
hypertension [61]. Our findings have many parallels with these
studies. For example, Visser et al [58] explored the experiences
of older adults using blood glucometers to monitor type 1
diabetes. The majority of participants reported that they
sustained use of the device over time to know how much insulin
was required before meals and because using the device gave
a sense of safety and confidence. A greater confidence in
practicing self-management was observed in our qualitative
findings. The ability of the technology to provide novel insights
into one’s conditions and support the prevention of
exacerbations (keeping symptoms under control) was also
identified in our study, with similar benefits reported by
Tenendez et al [59] in their study of older people self-managing
chronic respiratory disease. There are also some differences
between our findings and those of others. Tenendez et al found
that participants took a reactive approach to self-managing,
including the monitoring of symptoms, only doing so when they
felt unwell [59]. The authors suggested that the potential reasons
for this are that monitoring chronic respiratory conditions can
be overwhelming and make people more conscious of their
disease. They also suggest that long-term daily self-monitoring
can lack value for those with chronic respiratory conditions,
something that has also been highlighted by others [62,63]. Our
findings contradict this result, thus indicating that people did
find value and benefit in engaging in monitoring and seeing
their data, with additional perceived value because of the triage
service providing backup and peace of mind.

Our findings with respect to engagement with the sensor devices
and CareApp indicate a high level of engagement with symptom
and well-being monitoring and review. However, research has
noted the importance of effective engagement rather than simply
sustained or more engagement, with effective engagement being
defined as sufficient engagement with the digital intervention
to achieve intended outcomes [30]. Intended outcomes, from
the perspective of digital health interventions, often relate to
changes in behavior and improved health and well-being. For
the ProACT trial, the key behavior under examination was
engagement with the platform for self-management. Given that
the ProACT platform represents a novel technology, the
objectives of the trial were to evaluate usage, usability, and
experiences to allow for the refinement of the technology before
a trial to determine its effectiveness. This has been deemed a
necessary approach to digital health intervention development
and evaluation [64,65]. For example, Klasnja et al [64] suggest
that evaluations of novel technologies should focus on
human-computer interaction outcomes, including efficacy
evaluations of specific intervention strategies such as
self-monitoring and gaining a deep understanding of user
experiences. Engagement with interventions has also been
described as a precondition for effectiveness [30]. Although
effectiveness was not specifically measured in our study, the
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qualitative data indicated that participants changed their
behaviors, including that they improved their self-management
skills, got their symptoms under control, engaged in physical
activity, experienced weight loss, and changed when and how
they interacted with their health care professionals. Participants
in Ireland also reported improvements in health. The analysis
of the sensor and well-being data collected through the platform
during the trial is currently underway, focusing particularly on
symptom stabilization and physical activity to determine whether
engagement with the intervention had a positive impact on these
areas.

Previous research has indicated that the adoption of
self-management technologies is limited [66]. Studies on the
adoption of self-management technologies by older adults,
particularly the oldest old, are lacking [67]. A number of studies
have focused on conducting interviews, focus groups, or surveys
with older adults to gauge interest in health technologies or
barriers. Many of these reported negative attitudes. For example,
Heart and Kalderon [32] found that older adults lacked interest
in such technologies and perceived accessibility barriers. The
authors concluded that such technologies would not be accepted
by older adults unless they were very easy to use, useful, and
there was support available to help with technical difficulties.
The authors also suggested that when such factors are present,
older adults can embrace self-management. On the basis of data
from real-world engagement and participant feedback, our
findings support this argument.

A number of possible reasons for sustained engagement during
the ProACT trial have been identified. Throughout the trial,
participants reported benefits, including improvements in health
and well-being related to an increased ability to self-manage.
Perceived benefit plays a role in technology acceptance and
adoption [68,69] as well as in the activation of effective
self-management behaviors [16]. Our findings are in line with
those of a systematic review of studies examining older adults’
usage of technology to support chronic disease management,
which found that participants experienced greater self-efficacy
because of technology-supported self-management, which
enabled improved communication with health care providers,
including personalized feedback and support [17].

Yardley et al [30] state that “successful intervention design
demands a user-centered and iterative approach to development,
using mixed methods and in-depth qualitative research to
progressively refine the intervention to meet user requirements.”
A notable feature of the ProACT approach to designing and
evaluating the platform was that it continually involved people
with multimorbidity in a user-centered design process, including
interviews, focus groups, co-design workshops, usability testing
and evaluation activities, supporting regular, iterative updates
to the ProACT platform. Our findings indicate that the majority
of trial participants found the ProACT platform to be usable.
Usability barriers are recognized within the literature as
negatively impacting older adults’ adoption of and engagement
with technology [70,71]. Our findings also indicated that the
participants found using this technology exerted low burden.
This is an important finding given that there is significant work
associated with self-management of chronic diseases,
particularly multiple diseases and comorbidities [41]. Although

participants had self-management activities outside of using the
platform and their interactions with triage, such as attending
appointments and managing medications, which were not
evaluated as a part of the trial, it is promising that engaging in
symptom monitoring, review, and education did not result in a
high level of burden for the majority of participants. The
usability and burden findings, along with the engagement data,
indicate that the extensive user-centered design process during
the project lifecycle cannot be underestimated; without this
effort, it is possible that users would not have sustained their
use of ProACT.

Research has noted that using digital health platforms for
self-management without human support can negatively impact
engagement, resulting in dropout and nonusage attrition [30,72].
Human services, including the triage and helpdesk, provided
alongside the ProACT technology platform, appeared to be an
important factor in terms of contributing to sustained
engagement. Participants received feedback and advice on their
health and well-being from the triage nurses and experienced
continuity of care. Many clinical outcomes were also
precipitated by the triage staff. Ancker et al [18] suggested that
participants in their study lacked motivation to self-manage, as
they perceived that health care professionals were not interested
in their data. Furthermore, participants using ProACT had access
to a technical helpdesk for the study duration if they experienced
any technical issues. As is evident from the Irish helpdesk data
outlined above, this was a necessary service because across the
trial period for 60 participants, 355 calls were made to the
helpdesk, 277 of which were related to technical issues,
primarily related to the third-party devices provided to
participants for symptom monitoring. Indeed, frustration with
the sensing devices, including a poor usability, lack of reliability,
and mistrust of the data they produced, were reasons for
participants withdrawing from the trial. Given the importance
of such devices in health self-management, device providers
should strive to ensure that they are usable and reliable. Other
research on the abandonment of health tracking devices found
reasons that included technology being too complicated, too
complex to learn, or failing to help people reach their goals [73].

Future research should also examine the potential role and
necessity of helpdesk and triage services over longitudinal
periods of time, as the needs of people with multimorbidity, as
well as their self-management and technical skills change.
Research should examine at what point or points of a
self-management journey human support adds value to a digital
health intervention. For example, some research has shown that
support for self-management is mostly needed when a person
first begins using a digital health intervention [56] to ensure
adoption. However, research into the type and level of ongoing
support that might be required for self-managing with multiple,
complex chronic conditions is lacking. This also needs to be
considered within the context of aging, as many older adults
will experience a decline in health or the diagnosis of additional
conditions and comorbidities over time. However, it is important
to note that the levels of triage and technical support required
also have implications in terms of costs of service provision;
for example, the ratio of nurses to patients that is required to
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provide an effective service. Hence, this aspect also needs to
be further examined.

Limitations
There are several limitations to this study. First, given the
resource limitations, the version of the ProACT platform
described in this paper and evaluated in the trial did not integrate
all of the features required to fully support the self-management
of multimorbidity, with development initially focused on
symptom and well-being monitoring, education, setting physical
activity goals, and data sharing. The inclusion of features such
as medication management, care planning, and goal setting
beyond physical activity would be required to fully address the
challenges of the self-management of multiple conditions.
However, the addition of such features could also lead to an
additional technological burden, which could negatively impact
engagement. The integration of CareAnalytics not currently
integrated within the platform and further development of all
analytics could help minimize burden while also enhancing the
platform’s capability to handle recommendations that consider
a person’s full condition profile. For example, future work aims
to further enhance the goal recommender in terms of
personalization by considering the person’s current health status,
as indicated by the Health and Wellness Profiler analytic
described above.

A further point with respect to the PoC study design (which
was primarily to understand the feasibility of people with
multimorbidity engaging with a digital health platform to
self-manage their conditions) is that a control group was not
included; therefore, it was not possible to assess the
effectiveness of individual components of the ProACT platform
and related services (access to triage and technical support).
Future work will aim to examine the potential impact of these

factors in more detail through controlled studies with people
with multimorbidity. Implementing an iterative, user-centered
PoC trial has helped justify the need for a large-scale controlled
study. Therefore, we advocate that such an approach to
designing and developing complex interventions for the
management of multiple diseases should be considered before
progressing toward large-scale studies.

Conclusions
This work is the first to present a digital health platform
designed specifically to support multimorbidity self-management
for older adults, with results showing high levels of engagement
and retention over a 12-month period. There are several
strengths to this work. We present a comprehensive digital
platform that outlines how various components support the
management of multiple diseases. There was active engagement
from participants across all stages of the design, development,
and evaluation of the platform. The trial involved a large number
of participants across 2 EU countries over a longitudinal period.
Few studies on digital health solutions to support the
self-management of chronic conditions have focused on older
adults. Neither do they have such large numbers (especially at
the PoC level) nor do they examine long-term usage.
Furthermore, comparatively little research has examined the
design and evaluation of digital health platforms for people with
multimorbidity.

Planned future work includes updating the platform to further
enhance the management of multimorbidity and a pragmatic
randomized controlled trial to evaluate the effectiveness
(including potential cost-effectiveness) of the platform and
triage service on quality of life, health care utilization, and a
range of other measures, which will begin in 2022.
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Abstract

Background: The popularity of mobile health (mHealth) technology has resulted in the development of numerous apps for
almost every condition and disease management. mHealth and eHealth solutions for increasing awareness about, and safety
around, intimate partner violence are no exception. These apps allow women to control access to these resources and provide
unlimited, and with the right design features, safe access when these resources are needed. Few apps, however, have been designed
in close collaboration with intended users to ensure relevance and effectiveness.

Objective: The objective of this paper is to discuss the design of a suite of evidence-based mHealth and eHealth apps to facilitate
early identification of unsafe relationship behaviors and tailored safety planning to reduce harm from violence including the
methods by which we collaborated with and sought input from a population of intended users.

Methods: A user-centered approach with aspects of human-centered design was followed to design a suite of 3 app-based safety
planning interventions.

Results: This review of the design suite of app-based interventions revealed challenges faced and lessons learned that may
inform future efforts to design evidence-based mHealth and eHealth interventions.

Conclusions: Following a user-centered approach can be helpful in designing mHealth and eHealth interventions for marginalized
and vulnerable populations, and led to novel insights that improved the design of our interventions.

(J Med Internet Res 2021;23(12):e24114)   doi:10.2196/24114

KEYWORDS

intimate partner violence; web-based applications; women; user-centered design

Introduction

In recent years, web-based and mobile health (mHealth)
technology has expanded greatly, providing a unique space for
individuals to access information and resources to manage and
improve health and well-being [1-3]. With upward of 5 billion
individuals subscribing to wireless mobile services globally [4],

digital space allows those seeking information or support to do
so in a user-controlled, discreet, and accessible way [5-7]. This
technology fills a unique gap for survivors of intimate partner
violence (IPV), giving control to individuals themselves to
access information about safety and resources. mHealth tools
can be used at any time and any place, and survivors can return
to the information as many times as needed to explore their
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concerns and their options as their situations change. In the past
20 years, more than 300 mobile or web-based apps for IPV have
emerged [3,8], but only few have achieved widespread adoption.
One limitation of apps that have failed to gain traction is their
inability to meet the needs of specific communities or targeted
groups, including the identification of local and appropriate
resources.

The Partner Violence Implementation Science group is a
collaboration between researchers, service providers, and
survivors of IPV; our work is focused on cocreating
interventions supporting individuals’ safety and
self-determination. As part of these efforts, we identified the
need for electronic IPV screening and safety planning resources
tailored to the communities in which we work [3,4]. While a
number of apps are available to assist women with identifying
IPV and formulating safety plans, our community partners were
concerned that many did not adequately address the nonlinear
and multiphase process many women go through in an effort
to increase safety for themselves and their children [9-11].
Gaining awareness of the possible dangers involved with taking
action is one of these challenges, and women who have
experienced IPV often lament that this awareness—along with
information about how to increase relationship safety—did not
come earlier in the process [12-14]. While our initial intent was
to develop a tool to aid health care providers screen for IPV in
an outpatient orthopedic clinic, our community
partners—including survivors of IPV—felt that a web-based
mHealth tool that was easy and quick to use, exclusively focused
on identifying “red flags” for abusive behaviors, and that could
help users identify safety options tailored for their situation was
a critical need across settings. While we recognize that IPV is
experienced by persons of all genders, our research focused on
the experiences of the largest group of those experiencing IPV:
cisgender women who are in relationships with cisgender men.

First, we looked at a variety of screening apps aimed at helping
women identify if they are in an abusive relationship. After
previewing a variety of publicly available screening apps across
North America, we discovered that these tools often left out 1
or more types of violence, or did not use validated screening
questions to detect IPV [15,16]. This led to our decision to create
our own screening app that could help a wide range of
individuals recognize patterns of unsafe behaviors in their own
or others’ relationships and immediately access information
about abuse and local services.

Next, for the smaller subset of women who may be experiencing
behaviors related to IPV, a separate app was needed that could
help them assess the severity of their situation (including the
risk for lethality) and would promote safety planning behaviors
tailored for their situations. One existing app provided much of
what we were looking for. Developed by researchers at Johns
Hopkins University [17-19] and tailored for Canadian audiences
by researchers at Western University [20,21], the MyPlan app
is an evidence-based mHealth app aimed at increasing users’
understanding of potentially dangerous patterns in their
relationships reducing their ambivalence, or decisional conflict,
about acting to alter these patterns and has been found to reduce
future IPV in international randomized control trials
[17,20,22-24]. After engaging with our target population and

consultation with the teams at Johns Hopkins University and
Western University, we decided to build on this evidence base
and strong foundation to address additional needs present in
our populations of interest as identified by our community
partners in the Greater Toronto Area (GTA): women who were
looking for more information about IPV, the majority of whom
are not currently experiencing any unsafe relationship behaviors,
and a second population of women who are living with IPV and
need information about the potential for serious consequences
of the abuse (up to and including lethality) and access to tailored
safety planning that references geographically and culturally
relevant strategies and resources.

This paper describes the rigorous process we engaged in to
develop 3 evidence-based apps, each of which was developed
for a particular audience and tailored to their specific needs.
Using elements of human-centered design (HCD) [25], we
ensure the end users (women at risk for IPV and those
experiencing IPV) are involved in all stages of design and testing
of our suite of mHealth tools. This includes iterative elicitation
regarding the quality of experience, feelings of safety using the
apps, and perceived helpfulness of the tools themselves
throughout the design and testing processes [26,27]. Very few
IPV screening or safety planning apps provide detailed
information about the development or testing of the product,
and there is scant peer-reviewed evidence regarding the process
of developing the app, user testing, and evaluation [8]. Because
of the critical role these tools can play for women who are
concerned about the safety of themselves or a loved one,
ensuring that the end product both addresses the primary
concerns of women in a local community and uses
evidence-informed processes to provide knowledge or bring
about change is essential. Thus, we begin to shed light on this
process by describing our iterative, community-engaged
approach to building 3 separate, yet complementary, IPV
mHealth interventions: an IPV screening tool (WithWomen),
an individualized safety planning web app (Pathways), and the
rapid adaptation of this app to the realities of living with IPV
during COVID-19 (Promoting Safety in Emergencies, or
PROMiSE). This suite of apps is summarized in Table 1.

Methods

Approach
Our approach to the design and adaptation of our suite of apps
relied on the formation of partnerships with health care providers
working to implement a screening program into their outpatient
clinic setting, as well as service providers at IPV shelters,
counseling groups for women with lived experience of IPV,
and a peer support network for women living with IPV. We felt
it important to keep these perspectives present throughout our
design and adaptation process. Our partners played many roles:
they advised us on key design features and content, connected
us with women with lived experience who would provide
feedback on the screening questions and functionality of the
web apps, informed us of resources within the region which
should be listed in the web apps, and connected us with plain
language experts to ensure the content was appropriate for our
population. The process used to develop each of these is
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discussed below. All 3 apps were approved by the St. Michael’s
Hospital Research Ethics Board (REB # 15-361). Table 1
outlines the components of our suite of apps, their target
populations, and main innovations, while Table 2 reviews the
demographic characteristics of samples used to develop and test
each of the mHealth tools.

The demographic characteristics of those who participated in
the various surveys and interviews to inform the development
of our screening and safety decision-support app are presented
in Table 2.

Table 1. Partner Violence Implementation Science app suite components.

PROMiSEaPathwaysWithWomen ScreenerApp feature

Women in male–female relationships who have
moderate-to-high safety concerns in their rela-
tionships during public health emergencies

Women in male–female relationships who
have moderate-to-high safety concerns in
their relationships

Women in relationships with
men

Target population

Modified safety planning and local resource
connection during public health emergencies

Safety planning and local resource connec-
tion

Screen for potential IPVbPurpose

202020192018Year of release

aPROMiSE: Promoting Safety in Emergencies.
bIPV: intimate partner violence.

Table 2. Demographic characteristics of research participantsa.

PROMiSEb appPathways appScreening appDemographics

User testing (n=7), n
(%)

Clients: user testing
(n=46), n (%)

Staff: preliminary
user testing (n=19),
n (%)

App user testing
(n=41), n (%)

Anonymous en-
counter surveys
(n=16), n (%)

Cognitive inter-
views (n=18), n
(%)

Age, years

3 (43)11 (24)8 (42)18 (44)9 (56)5 (28)16-34

4 (57)35 (76)11 (58)22 (54)7 (44)13 (72)35-55+

Born in Canada and Indigenous

3 (43)8 (17)4 (20)4 (10)1 (6)0 (0)Yes: Indigenous

0 (0)16 (35)8 (42)17 (41)9 (50)10 (56)Yes

4 (57)21 (46)10 (53)20 (49)7 (44)8 (44)No

Experiences of IPVc in the past 5 years by the participant or someone close to them

2 (28)39 (85)13 (68)31 (76)Not asked9 (50)Yes

5 (72)7 (15)6 (32)10 (24)Not asked8 (44)No

aNumbers do not always total to 100% due to missing responses for selected categories.
bPROMiSE: Promoting Safety in Emergencies.
cIPV: intimate partner violence.

Developing the WithWomen Screening App

Selecting the Screening Questions
We sought to have valid and reliable screening questions. After
reviewing multiple validated IPV screening tools and the
peer-reviewed literature [28], we selected the Hurt, Insult,
Threaten, and Scream (HITS) instrument to serve as the base
for our screening app. The HITS instrument is brief, has been
used in general practice and emergency department settings
[29,30], demonstrated acceptable sensitivity (88%) and
specificity (range 86%-97%), and has been extensively tested
within different populations (eg, tested in women/men, Hispanic
and African American women as well as in Spanish) [31,32].
However, one of the limitations of HITS is its inability to
identify subtle experiences of IPV, such as coercive and

controlling behaviors, as well as experiences of sexual IPV. We
identified several additional questions by consulting the
peer-review literature on validated screening questions
concerning coercive control and through conversations with our
community partners (eg, “partner controlling what you wear”).

To be sure we were identifying those app users with the greatest
need for immediate assistance, we limited the recall period to
the past 12 months and asked questions in terms of frequency,
rather than only identifying if behaviors had happened at all.
Additionally, we intentionally asked about both short-term (eg,
dating) and long-term (eg, partners) relationships.

Testing the Questions
To ensure our screening questions were acceptable and
appropriate, we sought input from a cross-section of women.
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We conducted anonymous encounter surveys with women in
local shopping malls. We approached women in the food courts,
explained our research, and asked if they had 10 minutes to
complete a short survey. We asked women to give us feedback
on the clarity and acceptability of the questions and whether
we were missing questions about a particular type of violence.
We also consulted with women who were more likely to have
lived experience of IPV by posing the same questions to female
clients who accessed services at our partner community agencies
(eg, women’s shelters, organizations serving women involved
with the justice system). We also consulted service providers
who serve women more generally such as at health clinics or
agencies who help women with employment or housing to seek
their input.

Next, as we narrowed the set of candidate questions, we
conducted 3 cycles of cognitive interviews to ensure the clarity
of the questions [33]. These were face-to-face surveys asking
women to tell us in their own words what each question was
asking and to get their advice on any terms or phrases that were
hard to understand or inappropriate. We revised the questions
based upon feedback we received in between each cycle. We
also sought to test the reliability of our questions by
administering the questions to a subset of women and contacting
them 1 month later to retake the survey. Agreement between
test and retest was assessed through computing the intraclass
correlation coefficient (ICC). We also established evidence for
convergent validity with questions capturing safety-related
activities such as talking to a counselor about relationship
concerns or missing work due to relationship issues [34].

The final screening instrument consisted of 9 items. The next
step was to assign a level of risk to an individual’s summed

score on the full screening instrument. To do this, we first
assigned a value of risk for the answers to each question. Using
information on the severity of the violence described in the
question and corroborating it with existing severity ratings for
similar questions [17,32], we assigned risk values to each
question, with the lowest value of risk being 0 and the highest
level of risk being 3. For example, if the respondent’s partner,
ex-partner, or someone the respondent dated insulted her
frequently, she received a question-specific level of risk of 2.
On the physical violence item, she automatically received a
question-specific score of 3 if she experienced any amount of
beating, punching, kicking, strangling, or harm with a weapon.
A sum score of 0-4 across all 9 questions indicates few to no
safety concerns, 5-8 indicates there may be safety concerns, and
9-24 indicates that there are moderate to high safety concerns
in the relationship (see Textbox 1 for scoring summary).

Finalizing Our Screening Questions
Using feedback from the cognitive interviews, we made slight
wording changes to our questions to ensure their acceptability
to women. For example, the question on sexual violence
originally featured the word “coerce”; however, not all women
interviewed understood the meaning behind the word and it was
changed to “pressure, threaten, or force.” Overall, the questions
were highly acceptable and clear to potential users, largely due
to the fact that we relied on previously validated screening tools
as the source of our questions. Almost perfect test–retest
agreement was demonstrated via the 16 reliability interviews
(ICC 96%; 95% CI 90%-99%). Reliability was similar when
the sample was reduced to only those women who reported at
least one positive answer to the screening questions (ICC 95%;
CI 79%-99%).
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Textbox 1. WithWomen final rapid intimate partner violence screening questions with points assigned to answers to reflect level of safety risk in a
relationship.

1. Over the last 12 months, how often did you feel uncomfortable doing or saying things around your current partner or someone you’re currently
dating?

0=never, rarely, sometimes

1=frequently

2. Over the last 12 months, how often did your partner, an ex-partner, or someone you dated INSULT you or talk down to you?

0=Never, rarely

1=Sometimes

2=Frequently

3. Over the last 12 months, how often did your partner, an ex-partner, or someone you dated yell, shout, or curse at you?

0=Never, rarely

2=Sometimes

3=Frequently

4. Over the last 12 months, how often did your partner, an ex-partner, or someone you dated control who you see, where you go, what you do, or what
you wear?

0=Never

2=Rarely, Sometimes

3=Frequently

5. Over the last 12 months, how often did your partner, an ex-partner, or someone you dated make you feel afraid or scared of them?

0=Never

2=Rarely, sometimes

3=Frequently

6. Over the last 12 months, how often did your partner, an ex-partner, or someone you dated THREATEN to harm you or someone you care about?

0=Never

2=Rarely

3=Sometimes, Frequently

7. Over the last 12 months, how often did your partner, an ex-partner, or someone you dated physically HURT you?

0=Never

2=Rarely

3=Frequently, Sometimes

8. Over the last 12 months, how often did your partner, an ex-partner, or someone you dated beat, punch, kick, strangle, or hurt you with a weapon?

0=Never

3=Rarely, Sometimes, Frequently

9. Over the last 12 months, how often did your partner, an ex-partner, or someone you dated force, threaten, or pressure you to participate in any sexual
activity when you didn’t want to?

0=Never

3=Rarely, Sometimes, Frequently

Points for each question are summed and categorized into the following categories. The results screen displays the color (eg, yellow) and the explanation
of the result (ie, “there are some things about your relationship that are of concern”) at the end of rapid screening.

0-4: Healthy (Green): There are few to no concerns regarding safety in your relationship

5-8: Caution (Yellow): There are some things about your relationship that are of concern.

9-24: Confirmed abuse (Red): Your relationship has many safety concerns.

We established concurrent validity of our scales by correlating
scores on the 9-item violence scale with responses to questions
about whether women took part in activities that might be

expected for women who were concerned about safety in their
relationships: searched the internet for information about IPV;
talked to a social worker or other professional or family and
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friends about her relationship; missed work because of
relationship issues; or called the police due to relationship issues.
Spearman correlations between the scores on the IPV screener
and the 4 behaviors ranged from 0.72 to 0.82. We did ask about
1 more behavior, sought medical attention due to violence, and
its correlation with our IPV screener was lower (0.57). Thus,

concurrent validity was moderately high for all but 1 of the
items, seeking medical care, but given that this activity happens
relatively rarely and is only expected for 1 type of violence,
physical violence, this level of correlation might be expected.
The WithWomen landing page is shown in Figure 1.

Figure 1. WithWomen Landing Page.

The user journey for our WithWomen Screening app is presented
in Figure 2, illustrating the simplicity and completeness of the
app as it screens for IPV, provides an interpretation of the
screening result, and provides links to resources related to

prevention or management of IPV. Moreover, the app can be
used to serve the public or be used in a clinic setting providing
opportunities to share the screening result with clinic staff.

Figure 2. WithWomen User Journey.

Developing the Pathways Safety Planning App

Overview
As mentioned earlier, existing safety planning and
decision-support apps did not meet the unique needs of our
target population. In particular, we learned from our work with
our community that the current apps required changes in terms

of language, levels of interactivity, more flexibility in the user
journey, accessibility of populations with literacy challenges,
content, and safety features, and thus a new app was required.
Since Pathways is intended to be a tool specifically for users
who have self-identified as currently or recently experiencing
IPV (ideally because they have used the WithWomen app), we
designed Pathways to introduce users to the several options
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available in the app to begin making safety planning decisions.
These options include (1) assessing severity, danger, and
potential lethality of violent behaviors in their relationship; (2)
identifying their safety priorities; (3) learning about safety
actions to take that align with their priorities; and (4) learning
about healthy and unhealthy relationships. We drew on existing
safety planning and decision-support apps for IPV and made
key modifications for our target population of urban Canadian
women. These included tailoring the app to address women’s
top concerns related to safety planning while still in or recently
exiting a violent relationship. The goal of this app, then, is to
allow women to prioritize their safety planning needs and
receive tailored support, tangible action items, and referrals to
local resources that match their highest concerns.

Step 1: Prototype Development
To develop the prototype for our app, we recruited 19 service
providers and 31 women who identified as IPV survivors to
interact with sections of the existing MyPlan app. In addition
to this, we asked a smaller subset of participants with lived
experience to review the full app online. Participants were
recruited from 8 IPV-focused organizations in greater Toronto.
We completed this user research over the course of 2 months,

making note of their preferences, experiences with interacting
with the existing app content and activities, and suggested
modifications to inform the development of our Pathways app.

We then drew on 2 sources of data to determine the specific
concerns most important to our users, which likely differed
from the college-age females for whom the original MyPlan
app was intended. We recruited 16 additional women who did
not participate in the assessment of the existing safety planning
app with different levels of lived experiences of IPV.
Participants completed an anonymous survey that asked them
to select how important 10 concerns are to women who are
experiencing IPV as they make important decisions about their
safety. In addition to those considered in the existing app, we
reviewed the literature and consulted service provider key
informants to arrive at these 10 concerns, which included having
resources (finances, housing, legal services), privacy,
immigration, and career-related concerns [13,35] (Table 3).
When literacy was a challenge, a trained data collector supported
respondents by reading out the instructions, explaining the
activity, and writing down their responses. These answers were
summed across participants and priorities that received the
highest ratings were chosen as priority areas to which women
could tailor their safety planning activities in Pathways.

Table 3. Relative ranking for each priority area for the My Concerns section of Pathways.

Relative rankingSafety prioritiesRank

HighHaving resources (finances, housing, legal support)1

HighThe health and well-being of someone close to you2

HighHousing concerns3

HighPrivacy4

ModerateYour personal health and well-being5

ModerateLanguage barriers6

ModerateStudies and career7

ModerateImmigration concerns8

LowFeelings for a partner9

LowConnections to the community10

Step 2: User Testing
Once the prototype data were collected, we worked with a
software development firm, Tactica Interactive [36], to develop
a working prototype of Pathways. Using this prototype and
following HCD principles, we measured user experience with
the app, looking specifically at functionality, ease of navigation,
and the comprehensiveness of each of the tailored concern
sections [26]. This process involved asking IPV survivors and
service providers to engage with an online version of the app
and provide feedback on usability of the different sections in

an anonymous survey. A total of 26 individuals, including 5
IPV service providers, spent approximately 30-40 minutes
reviewing all components of the app. User research was
conducted at 4 IPV service organizations. One of the
organizations provided trained interpreters to non-English
speaking clients to make group activities more inclusive. As
interpreters were already available in this setting, 5 women who
spoke languages other than English were able to participate by
working with an interpreter and a trained data collector to
complete their survey responses. The user experience with
Pathways is outlined in Figure 3.
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Figure 3. Pathways Landing Page.

Step 3: App Refinement

Finalizing Content for the Pathways App

For the section on user’s priorities, data from surveys conducted
with participants and open-ended questions on what might be
missing from app content shared with those taking part in the
user research provided many options for what we might consider
including in the prioritization section of the app.

Linking the safety options to a user’s priorities has been
demonstrated to reduce decisional conflict about IPV safety
planning [17,19,22]. In an effort to more closely align users’
concerns with their safety plans, “Resources” was further
divided into “Finances,” “Housing,” and “Legal Support” as
separate categories of Resource-based concerns. We removed
“Child’s well-being” from the priority setting activity and
instead incorporated a safety plan focused on children as a
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separate section in the Pathways app, where it could be given
more prominence for those who select it.

The final 5 categories of concerns selected for inclusion in
Pathways were each linked to an action plan, which suggests
3-6 specific actions users can take to address each area of
concern. Safety steps associated with lower-ranked priorities
were added into the optional viewing sections of the app. For
example, suggestions to improve “Privacy” were included in
the stalking-related safety plan, and also in the “Hide Your
Tracks” section, which includes instructions for safe web
browsing, while suggestions to address immigration concerns
were added into the “Legal Support” section of the app.
Algorithms were added to Pathways such that safety plans for
the user’s most highly rated priority were presented to the user
first.

Finalizing Pathways

Overall, user testing interviews confirmed the usefulness,
understandability, appropriateness, and comprehensiveness of
Pathways for our population. No major changes to safety
planning–related content were suggested by respondents or our
advisory groups. However, some common themes emerged
about the language and structure of the app. For example,
suggestions were made to simplify language, reduce text, and
use check boxes whenever possible. In some sites, words such
as “cue,” “priority,” and “prioritize” were not considered
common language. We simplified the language and changed
section titles (eg, “My Priorities” became “My Concerns” in
Pathways). Several clients and service providers commented
about the need to use reaffirming, rather than alarming language.
Service providers also acknowledged the need to balance
between providing validation and affirmations without
normalizing severely dangerous behaviors. This was particularly
relevant to the Danger Assessment section of the app. Our team
removed questions that were in the Danger Assessment section
but not used in the ratings of violence severity and prefaced the
questions with plain language content explaining the rationale
for asking them.

Several participants discussed the benefit of incorporating more
tailored resources based on various needs of diverse populations.
The recommendations were mostly around community supports
specifically for minorities and people with language barriers,
culturally sensitive services, and legal advice. Keeping in mind
that language, transit access, and cost are barriers to accessing
formal supports, we included links to support services that could
be accessed by people free of charge or on sliding scale without
the need for referrals or health insurance. In many cases, we
listed support services in Pathways that are offered in
multilingual, multicultural, or multisite service settings, and we
included options to search resources by postal code whenever
possible to allow women to find the most appropriate resources.

Another key area of concern pertained to the privacy, security,
and accessibility of the app. To address these concerns, we
incorporated a quick exit bar at the bottom of each app page
that allows users to quickly hide their screen by redirecting them
to the Google search engine. We also added a separate section
in the app called “Online safety” that contains detailed
information on secure web browsing. Our inclusive design intern

redesigned the “Did You Know” section of our app, which
originally described aspects of healthy and unhealthy
relationships, into an activity where women interactively explore
violence-related information to increase their knowledge about
relationship violence. To increase accessibility for users with
visual impairments or low literacy, we added an audio feature
to each page of the app. The feature reads all text aloud and
narrates navigation options on each screen.

The majority of the Pathways beta testers provided positive
feedback (good or very good experience using the app) and
noted that they would recommend the app to someone else. The
lowest scored section of our survey was in relation to ease of
navigation, with 15/46 (33%) of respondents identifying sections
of the app that had too much text. To address these concerns,
we took these sections to plain writing workshops hosted by
our hospital’s patient education department, where plain
language experts reviewed the material and provided feedback.
We then hired an editor to incorporate suggestions and reduced
the amount of text in flagged sections of the app by 20%. We
also simplified the user flow, by moving certain sections of text
to separate pages, and making those pages optional to view.

Data for Our Apps
For safety reasons and also to honor concerns around privacy
expressed by our informants with lived experience throughout
the process of creating this suite of apps, we designed our apps
to collect all data anonymously. Thus, no names, IP addresses,
or any other identifiers are collected or stored. The research
team does, however, collect other data for quality improvement
purposes (eg, distribution of scores for screening or the danger
assessment or priority concerns of those using Pathways or what
time of day the apps are accessed), but we examine all data
anonymously. We also ensured that no trace is left on any
devices that have accessed any of our apps. The data are stored
on servers in North America and the research team owns the
data.

Developing PROMiSE
The Pathways app was launched in December 2019. However,
by early 2020 it was evident that the COVID-19 pandemic and
the policies required to mitigate its spread (eg, stay-at-home
orders, reduced service capacity) would lead to increased time
spent in close quarters with abusive partners, widespread
uncertainty, and financial strain, all stressors known to increase
the risk for IPV [37]. Rates of IPV have indeed increased since
the advent of the pandemic [38,39], and many women are unable
to access IPV services due to reduced capacity and increased
demand, making IPV screening and safety planning mHealth
interventions critical to maximizing women’s safety during this
and future public health emergencies. However, we received
feedback from community partners that aspects of the Pathways
app were not well suited to public health emergencies. For
instance, the decision-support tools in Pathways are centered
on seeking help outside the home and connecting with
community services, many of which are either not open due to
government restrictions, have closed due to financial strain, or
are over capacity due to increased demand. It became clear that
a safety planning tool was needed that responded to the realities
women face during public health emergencies and that provides

J Med Internet Res 2021 | vol. 23 | iss. 12 | e24114 | p.478https://www.jmir.org/2021/12/e24114
(page number not for citation purposes)

O'Campo et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


up-to-date, relevant information, and advises on actions to
maximize safety in a safe, discreet way.

Using the same HCD-informed approach, we began a rapid
research project to adapt Pathways for use during COVID-19
that involved (1) conducting a rapid systematic search of the
peer-reviewed and gray literature on strategies that women
experiencing IPV in the context of COVID-19 might find helpful
and (2) convening an expert panel of IPV survivors and IPV
service providers in the GTA to brainstorm new and modified
strategies that women experiencing IPV in the context of
COVID-19 might find helpful. This 3-month rapid research
yielded 22 strategies that were either highly or somewhat
recommended (eg, staying connected with others and planning
for safety) and 6 that were not recommended (eg, hiding items
that might be used as weapons) as they might make violence
worse. Armed with new information about how women who
are currently experiencing violence can maximize their safety
during COVID-19, we connected again with Tactica to develop
the new PROMiSE app from the existing Pathways app.

In addition to updating the content, we felt it was especially
important to ensure the look and feel of the app was discreet,
given that many more women may be using PROMiSE in close
proximity to their abusers. To this end, we partnered with
Tactica to develop a disguise feature for PROMiSE, wherein
the app content is overlaid onto an innocuous webpage. We
chose the main Pinterest board for Home and Garden Television
as our innocuous landing page based on feedback from survivors
of IPV that this would be unlikely to arouse suspicion from an
abuser. When a woman visits the site, she will recognize the
PROMiSE logo in the top right corner from advertisements and
marketing materials (Figure 4). When this is clicked, the
PROMiSE content will appear as a “pop-up” (Figure 5). In
addition to the quick exit bar present in WithWomen and
Pathways, users who click anywhere outside the “pop-up” box
that contains the PROMiSE content will hide the app itself,
revealing only the background website. The first time a woman
visits the site, she will be offered an interactive tutorial that
explains how to hide the content and make it reappear using
hotkeys (desktop version) or a hotspot (on touchscreen devices).

Figure 4. PROMiSE Landing Page as Disguised.
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Figure 5. The actual PROMiSE landing page.

Because the layout and technical aspects of PROMiSE are
identical to those of Pathways, we forewent much of the
technical user testing in service of a rapid rollout of this app in
the midst of the pandemic. However, once a prototype of
PROMiSE was available, we invited women with lived
experience of IPV and IPV service providers to navigate the
app and provide feedback on its new look and feel and to
identify any glitches that may have occurred in the creation of
the app (n=7; Table 2). This information will be incorporated
into later updates of PROMiSE. PROMiSE was launched on
December 1, 2020

Discussion

Lessons Learned
Web-based and mHealth apps are increasingly common for IPV
[1,3]. This paper demonstrates how we built on the existing set
of IPV screening and safety planning web-based apps to tailor
and create a suite of tools appropriate for our local population
of women who are at risk of or needing to plan for safety around
IPV before and during COVID-19. Furthermore, given the range
of preventive and educational activities taken up by web-based

and mHealth IPV-related apps, we focused our efforts on 2
particular challenges: (1) helping women to learn early on about
unsafe relationship behaviors; and (2) once violence is
confirmed, tailored safety planning to maximize safety. These
apps were designed to complement the vast set of existing
resources and services in our metropolitan area but also serve
to provide a unique resource by taking into account a woman’s
particular priorities and being accessible any time of day and
any place that the internet is available.

Systematic reviews of mHealth, computer-, and web-based apps
have noted the scarcity of engagement with affected
communities in the design of applications that impact the
relevance and utilization of such apps [3]. We addressed this
limitation in our work by using elements of HCD, which sought
input from and cocreation with survivors of IPV and health care
providers who work closely with this population. While this
required that additional time be built into each of our phases of
research, this increased the relevance of our apps to our target
population. We found this to be critically important given the
stage of IPV that we are targeting with these apps: for
WithWomen screening we are targeting women who are yet
unaware of the safety threats present in their relationships, and
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for Pathways and PROMiSE we are targeting women with
varying levels of violence in their intimate relationships who
are needing to take some kind of action to increase safety in
their relationships. While an existing app [18] was the template
for our Pathways and PROMiSE, our apps’ new features
requested and endorsed by intended users included priorities
that aligned with their preferences, interactive sections on
healthy relationship information, freedom within the user
journey to access any part of the app, plain language text, and
an audio option.

We learned from survivors, providers, and also from the
literature that abuse itself impacts the survivors’ trust in others
and confidence in themselves for making sound decisions about
their relationships and safety-related actions. Furthermore,
despite the vast strength and resilience of survivors, their
experiences with relationships where they are routinely
admonished and denigrated by perpetrators result in pervasive
survivor self-doubt and self-blame, further affecting information
processing and decision making around safety [40-44]. Our user
research and advice from our partners helped shape the language
and tone of the text in the apps. Because of the engagement of
women and health and social services providers in the process
of undertaking user research, we employed affirmative and
strength-based language and phrases. Moreover, given levels
of self-doubt among survivors who are living with abuse, we
also used language that simultaneously prioritized trusting users’
own instincts about maintaining safe behaviors while also
encouraging safety planning action. One issue we were not able
to overcome is the impact of missing data in our screening
scales. If a respondent skips 1 or more questions, a value of 0
is used for the skipped question, potentially artificially deflating
actual level risk.

Working closely with partners had other benefits. Our fracture
clinic partner adopted a technology-enhanced approach to
screening for IPV using our WithWomen IPV screening app.
We used implementation science strategies to assist them with
developing a suitable screening protocol that minimally
impacted their busy clinic schedule [45] and for the first time
ever the clinic had access to data about screening and IPV
prevalence. While we did not plan for the broader use of our
apps in service or health care settings, virtual visits with clients
have significantly increased due to the pandemic and along with
it the opportunity to incorporate technology-enhanced screening
or safety planning during or in between client visits. With the
release of PROMiSE, with its focus on safety planning during
public health emergencies and enhanced safety features, we
have been asked by providers to assist with the creation of
options for including our apps within their virtual interactions
with clients.

Because the key features of MyPlan that led to positive safety
planning outcomes were retained in our Pathways app, we feel
that another clinical trial demonstrating that use of the app over
usual care is not warranted [19]. However, we are planning to
use innovative single-case experimental study designs to
demonstrate, on a much smaller sample of participants, that the
PROMiSE app is safe to use when in the home and generates
positive impacts on IPV knowledge and safety planning
activities [46].

While we had evidence-based models to draw from, we
discovered that creating these apps took far longer than we
anticipated for several reasons. The iterative nature and multiple
cycles of developing prototypes for sections of the apps, gaining
feedback on those, and making modification to the prototypes
take time. Our research team had to build capacity in some areas
such as learning about the privacy concerns when our initial
designs sought to link our rapid IPV screening app to the
hospital data system and understanding the technical aspects of
discreet app design. As we relied on the expert consultants and
our hospital IT department in a set of iterative conversations
about the app features that are or are not aligned with privacy
requirements (eg, finding a secure way to link our app that is
housed on external servers with the hospital-based electronic
medical records), our process was further slowed as we were
not a priority of the hospital’s IT concerns. Finally, we also
experienced significant delays due to the initial technology
development partner we had chosen. Our team initially engaged
the services of a laboratory connecting clinicians with
biomedical and computer engineering students to apply
technological solutions to the real-world problems faced by
clinicians in their practice. We were eager to give a student team
the opportunity to build our app while simultaneously cutting
down on development costs to accommodate our shoestring
budget. Unfortunately, the combination of our lack of experience
with developing an app, our inability to communicate the
technological specifications to the student team, and our lack
of understanding of how short or long the development of these
apps should take resulted in a slow process that spanned almost
18 months that ultimately ended in failure. We probably erred
by not including a member from the technology team in our
discussions of the research process; however, rapid turnover in
the student team would have posed another challenge to that
strategy. Fortunately, when we subsequently turned to a
professional app developer the work was completed in a matter
of weeks. While we were fortunate enough to engage a Master’s
student from the Inclusive Design program at the Ontario
College of Arts and Design as an intern to advise on graphic
design and user experience for WithWomen and Pathways, a
diminishing overall budget precluded allowing us to have a
designer or more advanced features to these aspects of our suite.
Separate funding for PROMiSE, however, allowed us to make
use of a professional designer and more technical consultants,
resulting in increased functionality and advanced privacy
features.

Conclusion
With the use of technology in health and social service care
intervention and delivery becoming more commonplace, there
is an opportunity to develop high-quality IPV screening apps
to implement in practice. The aim of this venture was to create
a suite of IPV screening and safety planning apps for use with
local women that contain relevant information and resources in
a safe, discreet way. Evidence and user testing feedback have
indicated what women want and need from IPV screening and
safety planning apps: that is, the product to be relevant to its
user population with easy navigation, HCD features, and the
ability to access discreetly.
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Abstract

Background: Emerging evidence indicates the effectiveness of internet-based mobile-supported stress management interventions
(iSMIs) in highly stressed employees. It is yet unclear, however, whether iSMIs are also effective without a preselection process
in a universal prevention approach, which more closely resembles routine occupational health care. Moreover, evidence for whom
iSMIs might be suitable and for whom not is scarce.

Objective: The aim of this study was to evaluate the iSMI GET.ON Stress in a universal prevention approach without baseline
inclusion criteria and to examine the moderators of the intervention effects.

Methods: A total of 396 employees were randomly assigned to the intervention group or the 6-month waiting list control group.
The iSMI consisted of 7 sessions and 1 booster session and offered no therapeutic guidance. Self-report data were assessed at
baseline, 7 weeks, and at 6 months following randomization. The primary outcome was perceived stress. Several a priori defined
moderators were explored as potential effect modifiers.

Results: Participants in the intervention group reported significantly lower perceived stress at posttreatment (d=0.71, 95% CI
0.51-0.91) and at 6-month follow-up (d=0.61, 95% CI 0.41-0.81) compared to those in the waiting list control group. Significant
differences with medium-to-large effect sizes were found for all mental health and most work-related outcomes. Resilience (at
7 weeks, P=.04; at 6 months, P=.01), agreeableness (at 7 weeks, P=.01), psychological strain (at 6 months, P=.04), and
self-regulation (at 6 months, P=.04) moderated the intervention effects.

Conclusions: This study indicates that iSMIs can be effective in a broad range of employees with no need for preselection to
achieve substantial effects. The subgroups that might not profit had extreme values on the respective measures and represented
only a very small proportion of the investigated sample, thereby indicating the broad applicability of GET.ON Stress.

Trial Registration: German Clinical Trials Register DRKS00005699; https://www.drks.de/DRKS00005699

(J Med Internet Res 2021;23(12):e22107)   doi:10.2196/22107

KEYWORDS

stress management intervention; universal prevention; occupational health; moderators

J Med Internet Res 2021 | vol. 23 | iss. 12 | e22107 | p.485https://www.jmir.org/2021/12/e22107
(page number not for citation purposes)

Ebert et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:david.daniel.ebert@tum.de
http://dx.doi.org/10.2196/22107
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Occupational stress is a major public health problem, with high
prevalence in western countries [1-3]. It is associated with a
range of adverse consequences, including an increased risk for
coronary disease [4,5], mental health problems [6,7], and
sleeping problems [8]. Moreover, stress-related productivity
loss, absenteeism, presentism, and health care usage lead to
substantial economic costs [9]. Although manifold meta-analytic
evidence exists for the effectiveness of psychological
face-to-face stress management interventions for employees
[10,11], the high prevalence of stress demands for highly
cost-effective and scalable solutions. Internet-based
mobile-supported stress management interventions (iSMIs) can
be a great solution as they can offer several benefits such as (1)
their accessibility at any time and place, (2) the possibility for
participants to work and review materials at their own pace, and
(3) their high potential for scalability [12]. In theory, only a
small increase in resources is required for reaching a greater
proportion of the eligible population. However, the real costs
of iSMIs are greatly linked to the amount of guidance delivered
by professional support [13], thereby limiting the possible reach
of these interventions. Therefore, unguided interventions are
an important puzzle piece to combat the high prevalence of
stress.

The most recent meta-analysis on iSMIs found overall
significant effectiveness (d=0.43, 95% CI 0.31-0.54) with
small-to-medium effect sizes, but substantial heterogeneity
between studies [14]. Subgroup analyses found that guided
interventions (d=0.64, 95% CI 0.50-0.79; n=7) were significantly
more effective than unguided interventions (d=0.33, 95% CI
0.20-0.46; n=18). Yet, the most effective iSMI GET.ON Stress
yielded high effect sizes even when delivered in an unguided
format [13], with an effect size (d=0.96, 95% CI 0.70-1.21)
significantly exceeding that reported in the overall sample. In
regard to the often cited replication crisis in Psychology [15]
and other fields [16-18], it is crucial to evaluate if these effect
sizes can withhold further inspection. Moreover, replicating
these studies can help to address their shortcomings and add to
the existing literature.

The first shortcoming relates to the evaluation in selected
samples. Evidence for the best evaluated iSMI GET.ON Stress
[13,19-25] is based on trials in which participants have been
preselected based on the high baseline score in perceived stress
(Perceived Stress Scale [PSS-10] ≥22) [26,27]. Using a broad
range of eligibility criteria, however, can limit the real-life
applicability of the results [28], as in routine preventive
occupational health care, iSMIs are usually offered to a wide
range of participants. Therefore, it is crucial to investigate
treatment effects without preselection in a universal prevention
approach [29]. This approach has not only theoretical but also
practical advantages: while reaching a wider proportion of the
working population, it reaches those that benefit from selected
and indicated prevention without the cost for screening them
specifically [30,31]. Additionally, it allows the inclusion of

adults with lower symptom severity who are still motivated to
improve their conditions, which might be a better indicator for
their readiness for health behavior change [32].

The second shortcoming relates to the lack of moderator
analyses. Even though internet-based intervention research is
rapidly growing, empirical data on the moderators of
internet-based mobile-supported interventions [33-39] and, in
particular, internet occupational health interventions are scarce
[34]. Furthermore, randomized controlled trials (RCTs) are
usually powered to detect effects on the primary outcome and
hence, underpowered to reliably test moderator hypotheses [40].
With reported numbers needed to treat of 5.43 for unguided
iSMIs (and 4.20 in the overall sample) [14], it is clear, however,
that a substantial proportion of the participants do not profit yet
from taking part in an intervention. Therefore, identifying the
moderators of iSMI effects is crucial for at least 3 reasons: (1)
knowing who likely profits from the intervention helps to
identify relevant populations, (2) knowing which patients are
unlikely to profit from the treatment helps to prevent wasting
resources and provides valuable information on where
custom-tailoring such interventions to subgroups of patients is
necessary, and (3) a better knowledge regarding who is
(un)likely to profit from these interventions helps to identify
mechanisms of change that are relevant for these interventions
[41]. Therefore, the aim of this study was to evaluate the effects
of the iSMI GET.ON Stress as a universal prevention approach,
without preselecting participants based on symptom severity.
Moreover, in an exploratory approach, a broad range of a priori
selected potential effect modifiers were tested in a sample
adequately powered for moderator analyses.

Methods

Design
A two-armed RCT (N=396) was conducted comparing a
self-guided iSMI (GET.ON Stress) condition (intervention group
[IG]) and a waiting list control (WLC) condition, with both
conditions having full access to treatment as usual. Participants
were recruited via the occupational health program of a large
health insurance company in Germany (BARMER) in a way
that mimics the intended implementation of the intervention in
routine practice in the future, that is, by offering the intervention
in a public occupational mental health approach to the general
working population in a web-based setting. Recruitment was
directed at the general working population and not restricted to
members of the health care insurance company. Recruitment
occurred mainly through reports in the membership magazine
of the insurance company, and the insurance company’s
occupational health management workers informed human
resource departments of collaborating small- and medium-sized
companies about the possibility for their employees to
participate in the trial. Assessments took place at baseline (T1),
at posttreatment (7 weeks, T2), and at 6 months (T3; see Figure
1 for a detailed overview of assessments). This study was
approved by the University of Marburg ethics committee.
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Figure 1. Flow of the study. T1: baseline; T2: at 7 weeks posttreatment; T3: at 6 months posttreatment.

Interested individuals received an email with detailed
information about the study procedures and an invitation to take
part in the study. If they were interested, they were asked to
complete a web-based screening questionnaire. Individuals
meeting the eligibility criteria completed the baseline assessment
and were invited to complete the informed consent form. Once
the full written informed consent was received, participants
entered the study and were randomly allocated to 1 of the 2
study conditions. Randomization took place at a ratio of 1:1.
An independent third party who did not have any information
about the participants performed the allocation. Randomization
was carried out using an automated computer-based random
integer generator (randlist). Other researchers could not bias
the randomization process since participants were randomized
in the order of the incoming informed consent form. Participants
were not blinded to study conditions. During the randomization
process, the allocation was concealed from the participants,
researchers involved in recruitment, and the study administration
team.

Eligibility Criteria
Inclusion and exclusion criteria were kept to a minimum to
mimic routine conditions as closely as possible. Participants
were included who (1) were 18 years and older, (2) were
currently employed, (3) had internet access, and (4) provided a

valid email address. Individuals were only excluded if they were
at risk of suicide (indicated by a score of 2 or higher on the Beck
Depression Inventory Suicide Item [42]) or if they self-reported
to have been diagnosed with psychosis or dissociative
symptoms. Besides that, there were no restraints for participants,
for example, concerning low or high stress, depression, or other
symptom severity criteria.

Intervention
As this study evaluates an intervention that was evaluated in an
indicated prevention context before, intervention content and
delivery methods mirror those in related studies [20]. The
training GET.ON Stress is based on Lazarus’ transactional
model of stress [43]. According to this model, there are 2 coping
strategies to deal with stress. One is a problem-oriented approach
in changing the situation. The other approach focusses on
situations where only the evaluation of the situation can be
adjusted; this is called emotional regulation. Therefore, the
training focuses on strategies for systematic problem-solving
as well as emotion regulation. The intervention consists of 7
regular sessions and 1 booster session (provided 4 weeks after
the last regular session was completed). The program starts with
psychoeducation about stress (session 1), which guides
participants to understand and find coping strategies for common
problem situations. Based on their personal stressors,
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participants are asked to record their goals and motivation for
the training. This is followed by 2 sessions focusing on
problem-solving skills (sessions 2-3) where participants are
guided through a 6-step method based on problem-solving
therapy [44]. The personal plan will be implemented between
the sessions before participants are asked to redo the exercise
with the same or a different problem. The next part of the
training (sessions 4-6) is based on the Affect Regulation training
[45,46]. Each session focusses on 1 emotion regulation strategy:
muscle and breathing relaxation, acceptance of emotions, as
well as effective self-support with 15-minute audio files guiding
users through the different exercises. Participants are encouraged
to redo the exercises between sessions on a daily basis. The
regular training is completed by a session guiding the creation
of a “Plan for the future” (session 7), in which users are asked
to review their progress and develop strategies according to
their personal stress indicators in the future. Moreover, they are
guided to write a letter to their future self. The booster session
reviews the essential content of the intervention and allows
participants to reassess their goals and plans for the future.
Additionally, participants could choose from an array of elective
modules in sessions 2 to 6 addressing common stress-related
topics such as time management, sleep hygiene, or social
support. Participants were advised to complete 1-2 sessions per
week.

Across sessions, the training was composed of interactive
education, audio and video files, and additional downloadable
material. Additionally, testimonials offered impulses and
examples concerning the exercises. The intervention is based
on responsive design, meaning that it could be completed on a
desktop computer, tablet, or smartphone. Through providing
multiple choices among various response options, the content
of the intervention was automatically tailored to the specific
needs and interests of the individual participants. To integrate
the newly acquired knowledge into daily life, homework
assignments and behavioral planning were a crucial part of the
training. Web-based diaries were also offered. The training was
not accompanied by therapeutic guidance. However, the
participants could opt for automatic text messages on their
mobile phones choosing either a light (1 text message every
other day) or intensive support (2-3 text messages per day).
Text messages focused on ultrabrief exercises to be carried out
in daily life routine, aiming to facilitate transfer from training
into real life.

Outcomes
All measures were assessed through web-based self-report
questionnaires and are described below. The assessment took
place on a secured web-based system with 256-bit AES
encryption. All outcomes were published a priori in detail in
the trial register. The primary outcome was the perceived level
of stress as measured by the German version of the PSS-10
[26,27] since it is based on Lazarus’ transactional model of
stress. The 10 items were answered on a 5-point Likert scale
(ranging from 0=never to 4=very often) referring to the past
week. Owing to its sum score, the total scale scores range from
0 to 40. Cronbach alpha was .83 at T1, .91 at T2, and .91 at T3
in this study.

Secondary outcomes included measurement of mental health
and work-related outcomes. Among those concerning mental
health, the following outcomes were measured using specified
scales: depression, using the German adaptation of the Center
for Epidemiological Studies’Depression Scale (15 items, range
0-45; α=.94) [47,48]; mental health–related quality of life, using
the Assessment of Quality of Life (8 items, range 8-41; α=.84)
[49]; resilience, using the Connor-Davidson Resilience Scale
(10 items, range 10-50; α=.93) [50]; emotional exhaustion,
using the subscale of the Maslach-Burnout-Inventory (5 items,
range 1-6; α=.93) [51]; mental well-being, using the
Warwick-Edinburgh Mental Wellbeing Scale (14 items, range
14-84; α=.96) [52]; and psychological well-being, using the
5-item World Health Organization Well-Being-Index (5 items,
range 0-100; α=.91) [53]. The following work-related outcomes
were assessed: effort-reward imbalance, using the
Effort-Reward-Imbalance Questionnaire-Short Form (10 items,
α=.84) [54]; occupational self-efficacy, using the Occupational
Self-Efficacy Scale (6 items, range 6-36; α=.93) [55]; work
engagement, using the Utrecht Work Engagement Scale (9
items, range 0-6; α=.97) [56]; productivity loss, using the
Work-Limitations-Questionnaire (8 items, α=.87) [57]; and
absenteeism and presentism days, using the respective questions
from the German version of the Trimbos and Institute of Medical
Technology Assessment Cost Questionnaire for Psychiatry (2
items) [58].

In addition, the following variables were assessed to be tested
as potential moderators: personality, using the
Big-Five-Inventory (10 items, subscale range α=.20-.77) [59];
motivation for treatment, using the Psychotherapy Motivation
Questionnaire-Short Form (4 items, α=.36) [60]; self-regulation
competencies, using the Self-Regulation scale (10 items, range
10-40; α=.84) [61]; and general self-efficacy, using the General
Self-Efficacy Scale (10 items, range 10-40; α=.90) [62].

Power Analysis
The sample size of the study was optimized to detect potential
moderator effects. Previous studies on the same intervention
found effects on the primary outcome of perceived stress at T2
ranging from d=0.84 to d=0.93 [13,23,63] in highly stressed
employees. Assuming potentially lower effects, owing to the
inclusion of less impaired employees, of approximately d=0.60,
we would have needed to include 90 participants. Given that
simulation studies showed that the sample size required to detect
an interaction effect of the same magnitude needs to be at least
threefold to fourfold, compared to the sample sizes needed for
the primary analyses [64], we included 396 participants. This
sample allowed us not only to detect a small regression effect
of f² with a power (1-ß) of 80% and an error probability (α) of
.05 but also a small intergroup effect size of d=0.25 in a
one-tailed test (calculated with G*Power).

Statistical Methods
All analyses are reported following the Consolidated Standards
of Reporting Trials guidelines for reporting parallel group
randomized trials [65]. Therefore, following the
intention-to-treat principle, missing data were handled with
multiple imputations [66], using 100 estimations per missing
value. Outcome levels of IG and WLC were compared at T2
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and T3 by using analysis of covariance (ANCOVA), with
baseline levels as covariates. Additionally, Cohen d with 95%
CIs were calculated based on the imputed data set by comparing
means and SDs of the 2 groups at the respective time points.
Furthermore, the difference in means along with its 95% CIs
was calculated. To improve interpretability, reliable change was
calculated according to the method of Jacobson and Truax [67]
as an indicator of the number of participants with treatment
response. Participants were accredited a treatment response if
their PSS-10 score differed more than SD 5.16 in T1-T2 and
T1-T3. Besides, the number needed to treat to achieve 1
additional treatment response compared to the control group
was calculated. To evaluate the effect of the intervention on the
risk for symptom worsening, we also calculated the number of
participants with a reliable deterioration of symptoms by using
the Reliable Change Index and calculated the absolute and
relative reduction of risk, including the respective 95% CIs.

Moderator Analysis
Regression analyses were used to test baseline moderator X
intervention condition interaction effects by using the SPSS
macro PROCESS [68]. In case of a significant interaction effect,
we applied the Johnson-Neyman technique [68,69], which tests
the conditional effect of X on Y at different values along the
continuum of the moderator and calculates transition points,
where the effect changes between statistically significant and
not significant (at the α level of significance). This allows to
identify a “region of significance” of the effect, giving away at
which values of the moderator a significant effect can be found.
This warrants essential advantages against the pick-a-point
approach in which mostly only 3 arbitrarily chosen values of
the moderator are tested since even the widespread use of the
mean as well as SD is highly sample-specific and can thus lead
to wrong conclusions [68]. Moderation variables were neither

standardized nor mean-centered since it makes no difference
for the moderation effect [68] and can even harm the
interpretation if dichotomous variables are altered before the
analysis.

Results

Participants
The study flow is illustrated in Figure 1. All 396 participants
provided data at T1. In the IG, 176 (88.8%) participants at T2
and 134 (67.7%) participants at T3 and in the WLC group, 187
(94.4%) participants at T2 and 179 (90.4%) participants at T3
completed the assessment. The demographic characteristics of
participants can be found in Table 1. The average age of the
participants was 41.76 (SD 10.09) years. The sample was
predominantly female (302/396, 76.3%), married, or in a
relationship (209/396, 52.8%), as well as highly educated
(285/396, 72%). Most participants were employed full-time
(296/396, 74.7%), in a permanent employment relationship
(306/396, 77.3%), and nearly half of them held a management
function (169/396, 42.7%). Only a small portion (35/396, 8.8%)
was self-employed. The average working experience was 17.58
(SD 10.36) years and the participants’ jobs were in various
working sectors, with the majority in the economy (97/396,
24.5%) or social (79/396, 19.9%) sector. Only a small
percentage had prior experience with health training (55/396,
13.9%). Having received psychotherapy in the past was stated
by 147 (37.1%) participants, whereas only 35 (8.8%) indicated
that they were currently receiving psychotherapy. Table 2 and
Table 3 summarize the mean (SD) for the IG and WLC.
Concerning the primary outcome at T1, participants had an
average value of 22.65 (SD 5.63) on the PSS, thereby indicating
a moderate stress level.
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Table 1. Baseline characteristics of the study population (N=396).

Waiting list control group
(n=198)

Intervention group (n=198)All participants (N=396)Characteristics

Sociodemographic characteristics

41.56 (9.87)41.96 (10.34)41.76 (10.09)Age (years), mean (SD)

148 (74.7)154 (77.8)302 (76.3)Gender, female, n (%)

103 (52)106 (53.5)209 (52.8)Married or in a relationship, n (%)

94 (47.5)91 (46)185 (46.7)Having kids, n (%)

175 (88.4)176 (88.9)351 (88.6)West Germany, n (%)

Ethnicity, n (%)

158 (79.8)161 (81.3)319 (80.6)Caucasian/White

5 (2.5)4 (2)9 (2.3)Asian

0 (0)2 (1)2 (0.5)Hispanic

35 (17.7)31 (15.7)66 (16.7)Prefer not to say

Education, n (%)

9 (4.5)8 (4)17 (4.3)Low

42 (21.2)52 (26.3)94 (23.7)Middle

147 (74.2)138 (69.7)285 (72)High

Working characteristics

152 (76.8)144 (72.7)296 (74.7)Full-time, n (%)

43 (21.7)50 (25.3)93 (23.5)Part-time, n (%)

3 (1.5)4 (2)7 (1.8)On sick leave, n (%)

82 (41.4)87 (43.9)169 (42.7)Management function, n (%)

17.54 (10.28)17.62 (10.48)17.58 (10.36)Work experience years, mean (SD)

Employment status, n (%)

148 (74.7)158 (79.8)306 (77.3)Permanent

25 (12.6)17 (8.6)42 (10.6)Temporary

20 (10.1)15 (7.6)35 (8.8)Self-employed

5 (2.5)8 (4)13 (3.3)Other

Working sectors, n (%)

52 (26.3)45 (22.7)97 (24.5)Economy

32 (16.2)27 (13.6)59 (14.9)Service

33 (16.7)46 (23.2)79 (19.9)Social

30 (15.2)32 (16.2)62 (15.7)Health

23 (11.6)21 (10.6)44 (11.1)Information technology

28 (14.1)27 (13.6)55 (13.9)Other

Gross annual income (in €), n (%)

52 (26.3)37 (18.7)89 (22.5)Low income

62 (31.3)72 (36.4)134 (33.8)Middle income

62 (31.3)61 (30.8)123 (31.1)High income

22 (11.1)28 (14.1)50 (12.6)Not reported

Experience, n (%)

25 (12.6)30 (15.2)55 (13.9)Previous health training

74 (37.4)73 (36.9)147 (37.1)Previous psychotherapy

J Med Internet Res 2021 | vol. 23 | iss. 12 | e22107 | p.490https://www.jmir.org/2021/12/e22107
(page number not for citation purposes)

Ebert et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Waiting list control group
(n=198)

Intervention group (n=198)All participants (N=396)Characteristics

19 (9.6)16 (8.1)35 (8.8)Current psychotherapy

Table 2. Means and standard deviations for the intention-to-treat sample at pretreatment.a

Waiting list control group (n=198)Intervention group (n=198)Outcome

RangeMean (SD)RangeMean (SD)

Primary outcome

6-3722.91 (5.77)8-3922.39 (5.49)PSSb

Mental health

1-3816.44 (7.55)1-4316.02 (7.87)CES-Dc

0.06-0.560.25 (0.12)0.05-0.610.26 (0.11)AQoL8D-MHd,e

2-4021.29 (7.00)1-3822.14 (6.63)CD-RISCe,f

1.6-6.04.43 (0.91)1.8-64.44 (0.85)MBI-EE-Dg

24-6242.71 (7.97)22-6344.36 (7.51)WEMWBSe,h

0-9635.05 (16.94)0-8035.09 (16.16)WHO-5e,i

Work-related outcomes

0.29-3.091.30 (0.39)0.42-3.621.34 (0.53)ERI-S ratioj

6-3623.84 (6.35)7-3623.60 (6.53)OSESe,k

0-543.62 (7.97)0-665.54 (10.75)Absenteeism days

0-6612.73 (15.93)0-6611.63 (13.50)Presentism days

0-5.673.18 (1.27)0.33-5.893.35 (1.18)UWESe,l

0-24.538.36 (5.14)0-22.828.44 (5.38)WLQm productivity loss

aMissing data imputed by multiple imputation.
bPSS: Perceived Stress Scale.
cCES-D: Center for Epidemiological Studies’ Depression Scale.
dAQoL8D-MH: Assessment Quality of Life 8-Dimensions (mental health component).
eHigher scores indicate better outcomes.
fCD-RISC: Connor-Davidson Resilience Scale.
gMBI-EE-D: Maslach Burnout Inventory (depletion subscale).
hWEMWBS: Warwick-Edinburgh Mental Wellbeing Scale.
iWHO-5: 5-item World Health Organization Well-Being Index.
jERI-S: Effort-Reward-Imbalance Questionnaire-Short form.
kOSES: Occupational Self-Efficacy Scale.
lUWES: Utrecht Work Engagement Scale.
mWLQ: Work Limitations Questionnaire.
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Table 3. Means and standard deviations for the intention-to-treat sample at posttreatment (T2) and 6-month follow-up (T3).

At 6-month follow-upaPosttreatment at 7 weeksaOutcome

Waiting list control
group (n=198), mean
(SD)

Intervention group
(n=198), mean (SD)

Waiting list control group
(n=198), mean (SD)

Intervention group
(n=198), mean (SD)

Primary outcome

19.94 (7.15)15.73 (6.07)21.22 (6.97)16.27 (6.18)PSSb

Mental health

15.37 (8.47)11.45 (7.21)15.52 (8.47)11.26 (7.46)CES-Dc

0.29 (0.14)0.36 (0.12)N/AN/AfAQoL8D-MHd,e

N/AN/A20.79 (7.39)24.41 (6.72)CD-RISCe,g

4.27 (1.01)3.73 (1.05)4.31 (0.99)3.94 (1.05)MBI-EE-Dh

44.02 (8.24)50.55 (7.24)44.19 (8.34)49.28 (7.42)WEMWBSe,i

40.79 (20.12)54.80 (15.64)40.82 (19.92)51.25 (18.02)WHO-5e,j

Work-related outcomes

1.25 (0.42)1.17 (0.40)1.24 (0.45)1.19 (0.51)ERI-S ratiok

N/AN/A23.89 (6.76)26.21 (5.96)OSESe,l

3.22 (6.44)4.03 (7.84)N/AN/AAbsenteeism days

11.75 (12.91)8.88 (9.62)N/AN/APresentism days

3.06 (1.25)3.50 (1.03)3.02 (1.33)3.40 (1.22)UWESe,m

N/AN/A8.47 (5.50)7.48 (5.67)WLQn productivity loss

aMissing data imputed by multiple imputation.
bPSS: Perceived Stress Scale.
cCES-D: Center for Epidemiological Studies’ Depression Scale.
dAQoL8D-MH: Assessment Quality of Life 8-Dimensions (mental health component).
eHigher scores indicate better outcomes.
fN/A: not applicable.
gCD-RISC: Connor-Davidson Resilience Scale.
hMBI-EE-D: Maslach Burnout Inventory (depletion subscale).
iWEMWBS: Warwick-Edinburgh Mental Wellbeing Scale.
jWHO-5: 5-item World Health Organization Well-Being Index.
kERI-S: Effort-Reward-Imbalance Questionnaire-Short form.
lOSES: Occupational Self-Efficacy Scale.
mUWES: Utrecht Work Engagement Scale.
nWLQ: Work Limitations Questionnaire.

Primary and Secondary Outcomes
Tables 4 and 5 display the results of the intention-to-treat
analyses for the primary and secondary outcomes. The
ANCOVA showed a significant group effect, indicating that
participants in the IG had, compared to the WLC, significantly
lower scores on the PSS-10 at T2 (F1,393=64.44, P<.001) and
T3 (F1,393=46.91, P<.001) with medium-to-large
between-group-effect sizes at T2 (Cohen d=0.71, 95% CI
0.51-0.91) and T3 (d=0.61, 95% CI 0.41-0.81). At posttreatment,

significantly more participants in the IG (109/198, 55.1%)
showed a reliable improvement on the PSS-10 compared to the
WLC (44/198, 22.2%; P<.001). The number needed to treat to
achieve 1 additional treatment response (reliable change) at
posttreatment was 3.05 (95% CI 2.39-4.20). Significantly less
participants experienced a symptom deterioration in the IG
(10/198, 5.1%) compared to WLC (19/198, 9.6%), which reflects
an absolute risk reduction of 4.55% (95% CI –0.567% to
9.658%) and a relative risk reduction of 47.88% (95% CI
–10.307% to 74.888%).
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Table 4. Results of the analysis of covariances and Cohen d for the primary and secondary outcome measures at posttreatment.

At posttreatment after 7 weeksa between-groups effectOutcome

ANCOVAb, F(1,393)Cohen d (95% CI)Difference in means (95% CI)

Primary outcome

64.44d0.71 (0.51 to 0.91)–4.66 (–5.80 to –3.51)PSSc

Mental health

38.74d0.55 (0.35 to 0.75)–4.00 (–5.27 to –2.74)CES-De

N/AN/AN/AhAQoL8D-MHf,g

37.27d0.54 (0.34 to 0.74)2.97 (2.02 to 3.93)CD-RISCf,i

23.60d0.47 (0.27 to 0.67)–0.38 (–0.54 to –0.23)MBI-EE-Dj

41.31d0.50 (0.30 to 0.70)4.05 (2.81 to 5.29)WEMWBSf,k

39.65d0.58 (0.38 to 0.78)10.41 (7.16 to 13.66)WHO-5f,l

Work-related outcomes

3.650.21 (0.01 to 0.41)–0.07 (–0.15 to 0.002)ERI-Sm ratio

29.30d0.51 (0.31 to 0.71)2.49 (1.58 to 3.39)OSESf,n

N/AN/AN/AAbsenteeism days

N/AN/AN/APresentism days

8.17d0.23 (0.03 to 0.42)0.25 (0.08 to 0.43)UWESf,o

3.510.16 (–0.03 to 0.36)–1.01 (–2.07 to 0.05)WLQp

aMissing data imputed by multiple imputation.
bControlling for pretreatment scores (T1).
cPSS: Perceived Stress Scale.
dSignificant at P<.001.
eCES-D: Center for Epidemiological Studies’ Depression Scale.
fHigher scores indicate better outcomes.
gAQoL8D-MH: Assessment Quality of Life 8-Dimensions (mental health component).
hN/A: not applicable.
iCD-RISC: Connor-Davidson Resilience Scale.
jMBI-EE-D: Maslach Burnout Inventory (depletion subscale).
kWEMWBS: Warwick-Edinburgh Mental Wellbeing Scale.
lWHO-5: 5-item World Health Organization Well-Being Index.
mERI-S: Effort-Reward-Imbalance Questionnaire-Short form.
nOSES: Occupational Self-Efficacy Scale.
oUWES: Utrecht Work Engagement Scale.
pWLQ: Work Limitations Questionnaire.
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Table 5. Results of the analysis of covariances and Cohen d for the primary and secondary outcome measures at posttest and 6-month follow-up.

T3a Between-groups effectOutcome

ANCOVAb, F(1,393)Cohen d (95% CI)Difference in means (95% CI)

Primary outcome

46.9c0.61 (0.41 to 0.81)–3.89 (–5.01 to –2.77)Perceived Stress Scale

Mental health

34.88c0.52 (0.32 to 0.72)–3.65 (–4.87 to –2.44)Center for Epidemiological
Studies’ Depression Scale

32.09c0.52 (0.31 to 0.72)0.06 (0.04 to 0.08)AQoL8D-MHd,e

N/AN/AN/ACD-RISCd,f

41.28c0.61 (0.41 to 0.81)–0.56 (–0.73 to –0.39)MBI-EE-Dg

73.25c0.66 (0.46 to 0.86)5.63 (4.34 to 6.93)WEMWBSd,h

73.32c0.76 (0.55 to 0.96)13.99 (10.78 to 17.21)WHO-5d,i

Work-related outcomes

7.53k0.77 (0.56 to 0.97)–0.10 (–0.17 to –0.03)ERI-Sj ratio

N/AN/AN/AOSESd,l

0.460.11 (–0.09 to 0.30)0.48 (–0.91 to 1.87)Absenteeism days

6.04m0.13 (–0.07 to 0.33)–2.44 (–4.40 to –0.49)Presentism days

13.37c0.25 (0.05 to 0.45)0.33 (0.15 to 0.50)UWESd,n

N/AN/AN/AWLQo

aMissing data imputed by multiple imputation.
bControlling for pretreatment scores (T1).
cSignificant at P<.001.
dHigher scores indicate better outcomes.
eAQoL8D-MH: Assessment Quality of Life 8-Dimensions (mental health component).
fCD-RISC: Connor-Davidson Resilience Scale.
gMBI-EE-D: Maslach Burnout Inventory (depletion subscale).
hWEMWBS: Warwick-Edinburgh Mental Wellbeing Scale.
iWHO-5: 5-item World Health Organization Well-being Index.
jERI-S: Effort-Reward-Imbalance Questionnaire-Short form.
kSignificant at P<.01.
lOSES: Occupational Self-Efficacy Scale.
mSignificant at P<.05.
nUWES: Utrecht Work Engagement Scale.
oWLQ: Work Limitations Questionnaire.

Comparing reliable changes from baseline to 6 months, 53.5%
(106/198) in the IG showed a reliable improvement in contrast
to 36.4% (72/198) in the WLC (P<.001). The number needed
to treat to achieve one additional reliable improvement at 6
months follow-up was 5.82 (95% CI 3.73-13.30). A reliable
deterioration was only present in 2% (4/198) of the IG, which
was significantly lesser (P<.05) than that in the WLC (13/198,
6.6%).

As shown in Tables 4 and 5, the ANCOVAs for mental health
outcomes showed significant between-group effects for all
outcomes at both assessment points on a P<.001 level in favor
of the IG. At T2, all effect sizes were moderate ranging from

d=0.47 for emotional exhaustion to d=0.58 for well-being
according to the 5-item World Health Organization Well-Being
Index. At T3, moderate-to-large effect sizes could be found
ranging from d=0.52 for mental health to d=0.76 for well-being.

Concerning work-related outcomes, the results were less
coherent. At T2, the ANCOVAs for work-related self-efficacy
(P<.001) and work engagement (P=.004) showed significant
between-group effects, with a small effect size for work
engagement (d=0.23) and a moderate effect size for occupational
self-efficacy (d=0.51). There was no significant difference
between groups for effort-reward-ratio (P=.06) and productivity
loss (P=.06). However, at T3, apart from absenteeism days

J Med Internet Res 2021 | vol. 23 | iss. 12 | e22107 | p.494https://www.jmir.org/2021/12/e22107
(page number not for citation purposes)

Ebert et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


(P=.50), all between-group effects were significant
(effort-reward-imbalance T3, P=.006; presentism days T3,
P=.01; work engagement T3, P<.001), with a large effect size
of d=0.77 for effort-reward-imbalance and a small effect size
of d=0.25 for work engagement and presentism days (d=0.13).

Adherence
Of the 198 participants in the IG, 188 (95%) finished session
1. Session 2 was completed by 171 (86.4%), session 3 by 154
(77.8%), session 4 by 135 (68.2%), session 5 by 121 (61.1%),
session 6 by 108 (54.5%), session 7 by 94 (47.5%), and the
booster session by 66 (33.3%) individuals. On average,
participants worked through 5.23 (SD 2.74) sessions
representing 66% (5.23/8) of the intervention. A linear
regression model controlling for baseline stress indicated that
the number of completed sessions significantly predicted stress
levels at T2 (b=–0.67, SE 0.14; P<.001; 95% CI –0.94 to –0.39)
and T3 (b=–0.39, SE 0.14; P=.004; 95% CI –0.66 to –0.12).
The regression coefficient suggested that the PSS value
decreased 0.67 (T2) and respectively 0.39 (T3) points with each
additional module completed.

Moderator Analysis
Baseline symptom severity was not found to be a significant
moderator, indicating that the intervention can be effective,

irrespective of the baseline level of perceived stress. Resilience,
agreeableness, psychological strain, and self-regulation
competencies significantly moderated the treatment outcome.
Resilience moderated the intervention effect at T2 (P=.04) as
well as at T3 (P=.01). The region of significance at T2 and T3
ranged from 1 to 34.28 and 1 to 30.63, respectively, indicating
that there was no significant between-group effect for
participants with higher levels of resilience at baseline. In total,
2.8% (11/396) of the sample had resilience scores >34.28; 8.8%
(35/396) had scores >30.63. Agreeableness moderated the
intervention effect on stress at T2 (P=.01) with a region of
significance from 1 to 4.55, indicating no significant intervention
effects within participants with a higher agreeableness score (2
out of 396 participants had agreeableness scores above 4.55).
The intervention effect on stress at T3 was moderated by
psychological strain (P=.04) and self-regulation (P=.04). No
significant between-group effect was found for participants with
a psychological strain score lower than 7.96 (19/396, 4.8%) or
self-regulation scores higher than 33.57 (24/396, 6%). Tables
S1-S4 in Multimedia Appendix 1 show the results of the
moderation analyses whereas Figures 2-6 show a visual
representation of the moderation accompanied by a visual
representation of the region of significance.

Figure 2. A visual representation of the moderation of the training effect (X) on perceived stress at T2 (Y) by resilience at T1 (M) accompanied with
a visual representation of the area of significance according to the Johnson-Neyman technique. IG: intervention group; T1: baseline; T2: at 7 weeks
posttreatment; WLC: waiting list control.
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Figure 3. A visual representation of the moderation of the training effect (X) on perceived stress at T3 (Y) by resilience at T1 (M) accompanied with
a visual representation of the area of significance according to the Johnson-Neyman technique. IG: intervention group; T1: baseline; T3: at 6 months
posttreatment; WLC: waiting list control.

Figure 4. A visual representation of the moderation of the training effect (X) on perceived stress at T2 (Y) by agreeableness at T1 (M) accompanied
with a visual representation of the area of significance according to the Johnson-Neyman technique. IG: intervention group; T1: baseline; T2: at 7 weeks
posttreatment; WLC: waiting list control.

Figure 5. A visual representation of the moderation of the training effect (X) on perceived stress at T3 (Y) by psychological strain at T1 (M) accompanied
with a visual representation of the area of significance according to the Johnson-Neyman technique. IG: intervention group; T1: baseline; T3: at 6
months posttreatment; WLC: waiting list control.
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Figure 6. A visual representation of the moderation of the training effect (X) on perceived stress at T3 (Y) by self-regulation at T1 (M) accompanied
with a visual representation of the region of significance according to the Johnson-Neyman technique. IG: intervention group; T1: baseline; T3: at 6
months posttreatment; WLC: waiting list control.

No demographic variable (age, gender, relationship status,
having kids), other work-related characteristics (full-time work,
having a management function, work experience, employment
status, working sector, gross annual income), as well as other
symptom severity indicators were significantly associated with
the intervention effects. P values of nonsignificant interaction
effects ranged from P=.08 (T2) for gender to P=.99 for
conscientiousness.

Discussion

This study aimed to evaluate the effectiveness and moderators
of treatment outcome of a self-guided iSMI as a universal
prevention approach without an elaborative inclusion process
based on baseline symptom severity. The results of our study
indicate that the training was highly effective in reducing stress
levels in the short term (d=0.71) and long term (d=0.61).
Significant moderate-to-large effects were found for several
secondary mental health and work-related outcomes, including
outcomes such as occupational self-efficacy for which no
evidence of iSMIs was yet available. Moreover, this study is
one of the first to investigate moderator effects in iSMIs in an
adequately powered sample. The intervention was suitable for
a wide range of participants. Only a few moderators of the
intervention effect were identified, indicating that employees
with very high resilience, very low psychological strain, very
high agreeableness, and very high self-regulation might not
profit from the iSMI.

The effects in this study were lower than those in the 4
previously conducted RCTs that examined the same iSMI but
in which participants were preselected (PSS>22 or PSS-4 ≥8).
With therapeutic guidance, large effect sizes of d=0.83 at
posttreatment (95% CI 0.58-1.08) were found compared to that
of WLC [63], whereas with adherence-focused guidance [23],
the between-group effects were d=0.79 (95% CI 0.54-1.04),
and as a purely self-guided intervention in employees [13] or
students [25], the effect size was d=0.96 (95% CI 0.70-1.21) or
d=0.69 (95% CI 0.36-1.02), respectively. However, the CIs in

this trial (95% CI 0.51-0.91) overlapped those of all previously
conducted studies.

When comparing the results with those from unguided iSMIs
not necessarily conducted in the work settings, the effect sizes
found in this trial were larger than those found in a recent
meta-analysis on the topic (d=0.33, 95% CI 0.20-0.46) [70] also
when taking 95% CIs into account. Potential reasons for the
higher effect sizes compared to other interventions might lie in
the strong theoretical basis and the possibility to tailor the
intervention to individual need or interest. An alternative
explanation might be the strong focus of the intervention on
supporting participants to implement health behavior changes
in daily life routine. Although the study was powered to test
moderation hypotheses adequately, and although we included
a broad range of theoretically potential effect modifiers, only
few baseline variables significantly moderated the intervention
effects. Baseline perceived stress was not associated with
intervention outcome, indicating that GET.ON Stress can also
be effective in heterogeneous samples that are not preselected
based on high baseline symptom severity. That said, it needs to
be noted that the sample showed a substantial level of baseline
impairment, indicated by a mean of 22.65 (SD 5.63) on the PSS.
Despite being lower than that in previous studies that have been
conducted on GET.ON Stress (PSS, 25.26-23.90), and although
40.3% (160/396) of the participants in this trial would have
been excluded in previous trials, the average baseline symptom
severity was still approximately 1 SD above the average
perceived stress level in a large working population (mean 15.3
[SD 6.2]) [71]. This might indicate that the intervention might
especially be attractive for employees who already experience
a substantial stress level. Future studies should hence test
whether the utilization of universal preventive approaches in
employees can be further increased, for example, by utilizing
acceptance-facilitating interventions [72-75] that are designed
to reduce the barriers of intervention utilization, such as low
perceived risk. Another possibility might be that the format is
not adequate for employees with low perceived burden and
interventions with even a lower threshold, for example, mobile
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apps, focusing on less burdensome behavior changes are
necessary to reach this target group.

Resilience, psychological strain, agreeableness, and
self-regulation moderated the treatment outcome. Our findings
clearly show that the difference in the perceived stress between
the IG and the WLC is dependent on the resilience score at
baseline. This difference (in the perceived stress between the
IG and the WLC) is greater in those that show a lower resilience
at baseline, whereas the difference almost becomes nonexistent
if the baseline resilience is very high. One potential explanation
for this finding might be that very resilient participants manage
to cope with perceived stress also in the control group without
the help of an additional psychological intervention. Such an
interpretation is in line with the theoretical framework around
resilience assuming that resilience helps to deal with stressors
[76,77]. Several systematic reviews show that high resilience
might serve as a protective buffer against the development of
psychopathological symptoms [78-82].

Interestingly, employees with low self-regulation profited to a
much greater extent from participating compared to those with
high self-regulation. This is in contrast to our a priori expectation
as we assumed that self-regulation competencies, the ability of
an individual to regulate and control their thoughts and behavior
enabling them to adapt to a broad range of demands [83], might
be a necessary prerequisite for making effective use of such
self-help approaches, which require the self-regulated
implementation of behavior changes. However, one explanation
for the finding might be that participating in the iSMI helps
employees with low-self regulation to effectively counteract
the missing necessary competencies required to effectively
implement health behavior changes in daily life that are needed
in order to reduce perceived stress, whereas employees with
high self-regulation might manage to realize these necessary
self-regulatory tasks also without an additional intervention.
Such an assumption of a compensatory effect is supported by
the data in the control group showing very high perceived stress
level at follow-up in the control group for those with low
self-regulation in comparison to low perceived stress levels in
the control group for those with high self-regulation. In the IG,
the difference between low and high self-regulation is, however,
not reflected in the major differences in perceived stress.
Nonetheless, empirical studies are needed to confirm these
assumptions.

The finding that the intervention was found to be ineffective in
individuals with very low current psychological strain (<7.96)
has relevant implications for the implementation of such
approaches. If these results are confirmed in future studies, such
interventions should not be used solely as a universal preventive
intervention, for example, to increase protective factors that
might help to cope with future stressors. Instead, such
interventions should only be offered to employees experiencing
at least a minimal level of psychological strain, as this might

serve as an important source of motivation that is required for
self-help approaches. However, our study was limited to a
6-months follow-up, and future studies are needed to investigate
the potential protective effects in such populations regarding
future stressors. This study also found agreeableness as a
moderator, which has not emerged in the previous literature.
Future research should investigate if this was a spurious finding
or could lead to a new understanding of the interaction between
personality traits and iSMIs.

This study also has some limitations to be considered. First, as
usual with RCTs, there was a screening process preceding trial
participation, that is, informed consent, which might have caused
some applicants with lower motivation to drop out before the
study began, potentially resulting in a more homogenous sample.
Moreover, the exclusion of suicidal individuals limits the
generalizability to such samples. Therefore, although this was
a pragmatic trial and eligibility criteria were kept to a minimum
to mimic routine care, intervention effects might be
overestimated compared to the intervention under routine
conditions. Second, one needs to keep in mind that the evidence
generated by this study is based on an RCT, which brings a
rather high structuring of participants and a high research
attention with it, which is usually not the case in routine
occupational care. Since the securing of commitment represents
an adherence-promoting element in self-help interventions, it
can be assumed that the effect sizes for pure self-guided
interventions found in RCTs are significantly overestimated for
what can be expected in occupational routine care [84] when
no additional measures to increase adherence are applied. Hence,
a clear concept for ensuring adherence such as through minimal
guidance from a professional seems favorable, especially when
considering that guided internet-based interventions have found
to be superior over pure self-help interventions, both for
stress-management [70] as well as other areas [85-87].
Preference should be in routine care, whenever possible, given
to self-help approaches with at least some form of
adherence-promoting guidance. Moreover, although the study
was powered for moderator analyses, we did not stratify for
extreme values on assessed moderator variables. Hence, some
expressions on the investigated moderators, for example, very
low stress levels, were probably not included in sufficient
numbers so that a moderator analysis could have detected an
existing effect. Further, the power was not sufficient to detect
small moderator effects that may nevertheless be of clinical
relevance. Since this is one of the first trials on iSMIs as well
as SMIs, in general, investigating moderator effects, future
empirical studies are needed to confirm our findings.

This study confirms GET.ON Stress to be effective in a
heterogeneous sample of employees and to be applicable for a
broad range of participant characteristics. Based on the available
evidence, iSMIs should be implemented on a broad scale to
reduce the adverse consequences of occupational stress.
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Abstract

Background: Walking is a simple but beneficial form of physical activity (PA). Self-monitoring and providing information
about social norms are the 2 most widely used “mobile health (mHealth)” strategies to promote walking behavior. However,
previous studies have failed to discriminate the effect of self-monitoring from the combination of the 2 strategies, and provide
practical evidence within Chinese culture. Some essential moderators, such as gender and group identity, were also overlooked.

Objective: We aimed to investigate the effectiveness of social norm and self-monitoring interventions for walking behavior
and assess the moderating effects of gender and group identity, which could guide optimal mHealth intervention projects in
China.

Methods: In 2 longitudinal tracking studies (study 1, 22 days; study 2, 31 days), Chinese college students wore trackers for at
least 8 hours per day (MASAI 3D Pedometer and Xiaomi Wristband 2) to record their daily step counts in baseline, intervention,
and follow-up stages. In each study, participants (study 1: n=117, 54% female, mean age 25.60 years; study 2: n=180, 51% female,
mean age 22.60 years) were randomly allocated to 1 of the following 3 groups: a self-monitoring group and 2 social norm
intervention groups. In the 2 intervention groups and during the intervention stage, participants received different social norm
information regarding group member step rankings corresponding to their grouping type of social norm information. In study 1,
participants were grouped by within-group member PA levels (PA consistent vs PA inconsistent), and in study 2, participants
were grouped by their received gender-specific social norm information (gender consistent vs gender inconsistent). Piece-wise
linear mixed models were used to compare the difference in walking steps between groups.

Results: In study 1, for males in the self-monitoring group, walking steps significantly decreased from the baseline stage to the
intervention stage (change in slope=−1422.16; P=.02). However, additional social norm information regardless of group consistency
kept their walking unchanged. For females, social norm information did not provide any extra benefit beyond self-monitoring.
Females exposed to PA-inconsistent social norm information even walked less (slope during the intervention=−122.18; P=.03).
In study 2, for males, a similar pattern was observed, with a decrease in walking steps in the self-monitoring group (change in
slope=−151.33; P=.08), but there was no decrease in the 2 social norm intervention groups. However, for females, gender-consistent
social norm information decreased walking steps (slope during the intervention=−143.68; P=.03).

Conclusions: Both gender and group identity moderated the effect of social norm information on walking. Among females,
social norm information showed no benefit for walking behavior and may have exerted a backfire effect. Among males, while
walking behavior decreased with self-monitoring only, the inclusion of social norm information held the level of walking behavior
steady.
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Introduction

Background
Walking is a simple but highly beneficial form of physical
activity (PA) [1]. It can lower the risk of premature death [2]
and prevent numerous chronic diseases such as obesity, type II
diabetes, and cardiovascular disease [3]. In addition to providing
reasonably accurate daily walking records [4], smartphones are
also capable of additional functions such as tracking the number
of steps walked. Such functionality has led to the use of mobile
devices to promote a healthier lifestyle. Indeed, this concept of
a mobile health (mHealth) strategy has become an increasingly
popular public health intervention tool to promote walking
behavior [5].

Providing social norm information and providing one's
self-monitoring information (ie, a record of one’s behavior) are
currently 2 of the most widely used strategies in mHealth. In
self-monitoring interventions, pedometers or pedometer apps
on smartphones (eg, Apple Health and Accupedo) provide users
with daily step counts, which enable them to monitor and
improve their own walking behavior [5-8]. Combined with this
self-monitoring strategy, several leading online social media
platforms (eg, Facebook and WeChat) have also implemented
a social norm strategy to form an mHealth intervention for
walking behavior [9,10]. The biggest difference between the 2
strategies is that the latter strategy allows users to view their
own records and the walking records of their peers. By exposing
users to a highly social norm sensitive context, users might be
impacted by the perceived levels of others’ PA and might
thereafter increase their own walking behavior [11-13]. Previous
studies examining the effect of social norms have shown that
there is still some debate regarding its veracity [14,15], and
others have failed to consider the influence of some potential
moderators [16]. Thus, it is still unclear as to whether a social
norm strategy would be effective in promoting walking behavior.

In this study, we aimed to optimize mHealth walking
interventions and provide more practical evidence about the
effectiveness of interventions based on social norms. To address
these aims, we implemented 2 longitudinal tracking studies in
order to compare and isolate the mixed effects of social norm
and self-monitoring interventions on promoting walking. In
particular, we focused on 2 theoretically essential factors and
ignored moderators regarding the influence of social norm
interventions (group identity and gender).

Self-Monitoring Intervention: Effect of One’s Own
Walking Records
Self-monitoring refers to a systematic self-observation or
recording of target behaviors (eg, walking and food intake) [17].
Based on the self-regulation theory, self-monitoring is an
essential component of a successful self-regulation process,
preceding self-evaluation and self-reinforcement [18].
Self-monitoring thus motivates individuals to make changes by

stimulating them to focus, evaluate, and regulate the target
behavior [17]. Several studies have shown that the strategy of
self-monitoring plays a positive role in promoting a variety of
healthy or healthier behaviors such as reduction in smoking
[19] and improvements in diet [20].

Data from several studies suggest that a self-monitoring strategy,
typically informing people how many steps they have walked,
can be effective in boosting walking behavior [6-8]. For
example, one study showed that by wearing a pedometer and
setting a self-monitored goal of walking 10,000 steps each day,
overweight women were able to increase their average walking
steps by 85% (from 4972 to 9213 steps per day) [21]. A recent
meta-analysis based on 6 interventions from 2005 to 2017 also
showed that a self-monitoring strategy was associated with an
increase in walking of up to 3090 steps per day in cardiovascular
patients [22]. In a review of 88 intervention studies (N=18,804),
Knittle et al concluded that self-monitoring is one of the most
widely used strategies and represents an essential component
for increasing both the intention of PA (b=0.30) and actual PA
behavior (b=0.28) [23]. As a consequence, self-monitoring has
generally been adopted as the centerpiece of most public health
intervention programs [24,25].

However, there has been some controversy surrounding the
effect of self-monitoring. For example, some researchers have
argued that, despite its numerical effectiveness, the act of
self-monitoring does not have a positive influence on walking
behavior. Self-monitoring may also not guarantee high levels
of exercise adherence, with rates of adherence shown to decline
significantly over time [26].

More importantly, previous studies have paid little attention to
exploring the mechanisms that underlie self-monitoring
interventions in practice, thus limiting its application value and
generalizability to other areas. For example, in order to optimize
effectiveness, interventions have implemented a combination
of strategies with self-monitoring included in a package of
self-regulation processes [17], such as goal setting [21]. As a
consequence, it is difficult to disambiguate the actual effect of
self-monitoring from the mix of other potential effects. In
addition, the majority of previous intervention studies have
failed to consider the potential for certain demographic variables
to exert a moderating effect on the relationship between
self-monitoring and PA behavior [17]. Gender represents a key
example whereby females may benefit more from a
self-monitoring intervention and maintain an active lifestyle for
longer than males [27].

Social Norm Intervention: Effect of the Walking
Information of Peers
Numerous theories of behavioral change, including the theory
of planned behavior as an example, have listed social norms as
an essential predictor of actual changes in behavior [28].
Previous studies have demonstrated that 2 types of social norms
[29,30] are important for behavior change across areas ranging

J Med Internet Res 2021 | vol. 23 | iss. 12 | e29167 | p.505https://www.jmir.org/2021/12/e29167
(page number not for citation purposes)

Xu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/29167
http://www.w3.org/Style/XSL
http://www.renderx.com/


from reducing alcohol use [15,31] to reducing environmental
damage [30]. These are descriptive norms, which refer to the
perceived prevalence of target behaviors, and injunctive norms,
which refer to perceived approval or disapproval of target
behaviors by the society. Descriptive social norms may guide
the behavior of individuals because of implied social proof that
the behavior of the majority should be right, as the focus theory
of normative conduct posits [30]. Injunctive norms may guide
behavior because of a need by individuals to obtain social
approval for meaningful relationships with other ingroup
members [29,30].

In particular, the perception of social norms about PA was
positively correlated with the actual PA level of individuals
[13,32], and providing social norm information can even lead
individuals to do more PA [12]. For example, compared with
traditional online tracking or sending of promotional messages,
interventions based on social norms, such as sharing the
information of peers, led to participants spending more time on
PA [10]. The typical use of descriptive norms, such as sending
a message containing exercise information of colleagues, was
more effective in increasing mild physical exercise than
interventions that did not have any norm manipulation, such as
sending general information about physical exercise and health
[12]. McEachan et al analyzed 100 empirical studies from 1990
to 2010 (N=22,849) and found social norms to be a strong
predictor for PA (mean correlation ρ=0.21, 95% CI 0.18-0.24)
[33]. A series of meta-analyses [28,34] also revealed that
changing one’s perception of social norms can produce a small
to moderate effect (Cohen d=0.36) in increasing healthy
behavior, including physical exercise.

However, the notion that social norm interventions are reliably
effective has been complicated by some studies that have found
its effect on behavioral change to be unstable or even negative
[14,15]. For example, a meta-analytic review reported only a
weak correlation (r=0.17, 90% CI −0.07 to 0.43) between social
norms and PA [35]. The relationship between social norms and
exercise intention may disappear after controlling for other
relevant factors such as attitude to sports [36]. Indeed, a situation
in which a desirable behavior is only a minority norm (eg, only
a few people walk over 10,000 steps every day) or in which an
undesirable behavior is the majority norm (eg, the majority only
walk 2000 steps every day) may even lead to a backfire effect
where an individual’s healthy behavior is reduced [37,38],
suggesting that social norm interventions must be applied with
caution. Even from a methodological level, since social norm
interventions are generally combined with self-monitoring (ie,
users may track their own walking and their peers’ walking at
the same time [39]), it can become difficult to detect the pure
effect of social norm interventions. Consequently, given that
the implied factors that can lead to success or failure in these
social norm intervention studies are unclear, researchers have
argued that the likelihood of both type 1 and type 2 errors is
high [38]. This has led some to suggest that social norm
interventions should be dropped from further use [36].
Moreover, compared with correlational studies measuring
subjective social norms, evidence-based interventions targeting
social norms are still limited [36].

Group Identity and Gender as Moderators of the
Effects of Social Norm Interventions on PA
With the development of social norm theories, researchers have
increasingly declared that the relationship between social norms
and target behavior cannot be explained by a simple one-way
causal model. Recent studies have attempted to explain the weak
effect of social norm interventions on PA by investigating
previously ignored moderators such as group identity [16].
However, most previous interventions simply provided social
norm information by sending a message without investigating
any other potential variables [10,12]. This may lead to a
disparity between an up-to-date theory framework and previous
practical interventions.

As one of the most widely used and effective theories in
predicting and intervening in health behaviors, such as reducing
alcohol intake [40] and promoting hand-washing [41], the theory
of normative social behavior (TNSB) has proposed group
identity as a factor moderating the effect of descriptive norms
on behavior [42]. Group identity is defined as the degree to
which an individual perceives similarity with the group and
aspires to emulate group members [42]. The TNSB predicts
that the effect of social norm interventions on behavioral change
would be stronger when individuals perceive a higher similarity
between themselves and the reference group [42], that is, social
norms from a closer group work better at changing behaviors
due to higher group identity, and individuals are more willing
to perform the target behavior as an expression of group
solidarity [42]. This moderating effect of group identity on the
effect of social norm interventions can also be explained by the
phenomenon of groupthink. Groupthink is more likely to take
place in groups with higher identity and may put pressure on
group members to conform to the social norms of the group
[43]. Empirical studies support the prediction of the TNSB. For
example, the closer individuals felt to a group, the closer their
own behavior was to their perception of the social norms of that
group [44]. Social norm interventions have been found to
promote office colleagues with a high group identity to play
more sports, while the effect was insignificant among college
students who had a low group identity [12].

As an innate label, information regarding individuals with the
same gender may feel more relevant and relatable. Therefore,
according to the TNSB, because of a higher group identity,
social norms within males or females (gender-consistent or
gender-specific social norms) may have a greater impact on the
behaviors of individuals [45]. For example, one study showed
that perceived gender-consistent norms were stronger predictors
of alcohol consumption than gender-inconsistent norms, and
this was especially evident for females [46]. However, although
previous studies have suggested that manipulating
gender-consistent norms may be more beneficial in norm-based
interventions [45,46], the availability of practical evidence is
still limited and controversial. For instance, an intervention
using gender-consistent norms did not show a better effect on
reducing alcohol consumption than gender-inconsistent norms
[47]. Gender may also interact with the effect of social norm
interventions on target behaviors (different genders may have
divergent reactions after receiving the same normative
information). For instance, a social norm intervention regarding
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driving behavior may be effective for males but not females
because of stronger normative pressure regarding this particular
behavior in men compared to women [48]. On the other hand,
females may be more sensitive to norms related to their body
appearance than males due to their increased tendency to engage
in appearance-related social comparison [49]. Even though these
studies clearly suggest that the effectiveness of social norm
interventions is strongly associated with gender, the importance
of this factor has been largely overlooked in previous studies
investigating mHealth interventions.

Moreover, the finding of systematic gender differences in the
target behavior of this study (ie, PA) (see Pollard and Wagnild’s
review [50]) calls for the need to consider gender as a
moderating factor for the effect of social norm interventions on
walking behavior. For example, walking has been observed to
be a type of PA preferred by females [51], although consistent
evidence has shown that males did more physical exercise than
females [51-53]. According to evidence showing that
self-regulation was the best predictor of PA in female college
students but not males, females may be more sensitive to
self-monitoring interventions [52]. Given that China currently
has one of the widest gender gaps in the world [54], these gender
differences within the Chinese cultural context may be more
pronounced than those within other regions. In contrast to the
commonly accepted gender-consistent attitude to sports, in
China, males reported a more positive attitude to sports than
females [55]. Compared with female college students, male
students were also found to exercise more frequently, and they
also showed both a higher participation rate and voluntary
motivation to practice sports [56].

Our Study
Since 2018, China has been the home of over 500 million
mHealth users [57], making it an ideal region to evaluate the
effects of different interventions. The use of smartphone
pedometer apps has been found to be more favorable to
traditional wearable pedometer devices in improving walking
behavior [58]. Consequently, some social media platforms began
to design their own pedometer plugins. WeChat, one of the most
popular social media platforms with over 1 billion users in China
[59], designed WeRun to provide daily step tracking and step
ranking among the contacts of WeChat users. In addition to
viewing rankings, users can give a thumbs-up or follow the step
records of their contacts. With 15.3% of users taking advantage
of its novel social functions, WeRun has become one of the
most widely used features of WeChat since its launch in 2015.
According to WeRun users, they use it to not only get data about
their own exercise behavior, but also increase exercise frequency
as well as interaction with friends [60]. As a consequence,
WeChat represents a highly appropriate platform for
investigating the effect of social norm interventions.

Although there are increasing numbers of apps, smart devices,
and high-tech companies trying to promote PA among
individuals through systems that utilize self-monitoring or social
norms, little is known about the comparison of the effects of
social norm interventions with self-monitoring interventions.
The absence of substantial research investigating the underlying
mechanisms of social norm interventions has obstructed the

development of more personalized and optimized mHealth
interventions. This disconnection between up-to-date social
norm theories (eg, the TNSB) and antiquated intervention
techniques may have weakened the potential for practical
benefits from the existing evidence base.

Moreover, previous studies have suffered from some limitations,
both methodologically and practically. For example, since most
previous studies on social norms lacked a corresponding
self-monitoring control group [39], the mixed-strategy
approaches may have not only resulted in ambiguous
comparisons of the effects of social norm and self-monitoring
information on walking behavior, but also led to the collection
of data characterized by low reliability and high error rates [38].
In addition, given that most mHealth interventions are specific
to a certain app or device, the particular results of the
corresponding interventions were device-specific and were thus
not stable enough to be generalizable. In the context of mHealth,
China is a rapidly developing country, but it is also suffering
from a specific social issue in the shape of a wide gender gap.
We have very limited understanding as to how gender and
different mHealth interventions interact, and thus, there is no
useful guidance as to how mHealth interventions in China can
be optimized.

To address this, we aimed to answer the following 2 primary
questions in this study: (1) In China, is an intervention based
on social norms more effective than self-monitoring at
promoting walking behavior? (2) Do gender and group identity
moderate the effect of social norm interventions on walking?
Specifically, we conducted 2 longitudinal tracking studies to
compare the effects of self-monitoring and social norms on
walking behavior. In study 1, we compared the effects of social
norm and self-monitoring interventions on PA between genders
by randomly assigning participants to a self-monitoring group,
a PA-consistent intervention group (ie, similar levels of PA
among group members), or a PA-inconsistent group (ie, varying
levels of PA among group members). In study 2, after observing
a gender-specific effect of social norm interventions on PA, we
attempted to replicate the main finding of study 1 using a more
precise measure of steps walked. We also assigned participants
to a self-monitoring group, a gender-consistent intervention
group (ie, providing social norm information that is
gender-specific), or a gender-inconsistent intervention group
(ie, providing social norm information that is not
gender-specific). Our hypotheses were as follows: hypothesis
1 (H1), in China, providing social norm information, in the form
of step ranking, can promote walking more effectively compared
with self-monitoring; hypothesis 2 (H2), gender will moderate
the effect of social norm interventions on the promotion of
walking, and the walking behavior of males will be more
impacted by social norms; and hypothesis 3 (H3), group identity
will moderate the effect of social norm interventions on the
promotion of walking, and a higher sense of group identity will
strengthen the effect of social norm interventions. Furthermore,
H3 had the following 2 parts: H3a, an intervention using
PA-consistent norms will have a larger effect on walking
behavior than that using PA-inconsistent norms; H3b, an
intervention using gender-consistent norms will have a larger
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effect on walking behavior than that using gender-inconsistent
norms.

Methods

Participants
In both studies, we recruited graduate students from the
University of Chinese Academy of Sciences, Beijing, China as
our participants by sending advertisements during university
courses (744 students in study 1, and 986 students in study 2).
To avoid the possible confounding effect of walking habits or
previous mHealth app experience, all recruited students
completed a 5-minute online screening and customized sports
habit questionnaire. The inclusion criteria were as follows: (1)
used WeRun or other walk-related mHealth apps less than twice
a week; (2) not a member of any WeChat sports group; (3)
self-reported being mentally and physically healthy; (4)
consented to participate in the entirety of the experiment. Next,
according to their self-reported sports habits, participants were
labeled as either low PA (sports fewer than twice a week and
run a total distance of less than 5 km per week) or high PA
(sports more than three times per week and run a total distance
of more than 10 km per week).

Given that the motivation of this study was to promote walking
behavior among the low-PA sample, we only selected low-PA
students as our formal participants (high-PA students were only
recruited in study 1 to set up the PA-inconsistent group, but
were not included for further analysis). We preset our sample

size to at least 40 participants in each group. Thus, we included
a total of 127 low-PA participants in study 1 (with another 42
high-PA students), while 182 low-PA participants were recruited
for study 2.

This study was approved by the Institutional Review Board of
the Institution of Psychology, Chinese Academy of Sciences,
and all participants took part in the study voluntarily and
completed written informed consent. To record the number of
steps walked, all participants were asked to wear step trackers
(MASAI 3D Pedometer, study 1) or smart bands (Xiaomi
Wristband 2, study 2) during the entire experimental period.
After the study, participants were allowed to keep their step
trackers (and approximately US $18 in study 1) or smart bands
as payments for participation.

Design and Procedures

Study Design
To compare the effects of self-monitoring and social norms,
both studies consisted of 3 stages (baseline, intervention, and
follow-up; Figure 1 and Figure 2), with slight variations in the
length of each stage. Study 1 was conducted from April to May
2017 and consisted of 22 days, with 3, 14, and 5 days in each
stage, respectively. Study 2 was conducted from October to
November 2017 and consisted of 31 days, with 10, 15, and 6
days in each stage, respectively. All participants were required
to wear the trackers during the entire experiment and were able
to check their step counts at any time in order to monitor their
own walking behavior.
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Figure 1. Flow diagram for study 1. The diagram shows the complete experimental procedure including enrollment, randomization, and intervention.
All participants (valid n=117) in 3 groups were tracked for 22 days. PA: physical activity.
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Figure 2. Flow diagram for study 2. The diagram shows the complete experimental procedure including enrollment, randomization, and intervention.
All participants (valid n=180) in 3 groups were tracked for 31 days. PA: physical activity.

To compare the effects of self-monitoring and social norms, we
randomized all participants in both studies into 3 groups
according to the interventions they received, namely, a
self-monitoring intervention group and 2 social norm
intervention groups. Participants in the 2 social norm
intervention groups received social norm information from
experimenters during the intervention stage, whereas participants
in the self-monitoring intervention group did not receive any
extra message during the experimental stages.

To test the moderating effect of group identity on the effect of
social norm interventions, we aimed to compare the effects of
providing social norm information among groups that should
theoretically have a stronger sense of group identity (ie,
PA-consistent and gender-consistent groups) against those that
should theoretically have a weaker sense of group identity (ie,
PA-inconsistent and gender-inconsistent groups). In particular,
in study 1, we randomly assigned participants to either the
self-monitoring group or 2 social norm intervention groups (the
PA-consistent intervention group and PA-inconsistent
intervention group). In the PA-consistent intervention group,
all participants had a low PA level, while in the PA-inconsistent
intervention group, half of the participants had a low PA level

and half had a high PA level. In study 2, we randomly assigned
participants to either a self-monitoring group or 2 social norm
intervention groups (the gender-consistent intervention group
and gender-inconsistent intervention group). In the
gender-inconsistent (but PA-consistent) intervention group,
participants received general gender-mixed social norm
information as in study 1 (ie, gender-mixed information simply
showing the rank of each member in the WeChat group), while
in the gender-consistent (and PA-consistent) intervention group,
participants received 2 gender-separate social norm information
sets (ie, 2 gender-specific information sets showing the rank of
each female student among all the female members and each
male student among all the male members). Through this design,
participants in the PA-consistent group in study 1 and
gender-consistent group in study 2 will theoretically have a
stronger sense of group identity than participants in the other
groups.

Except for high-PA participants in study 1, all low-PA
participants in both studies were randomly allocated to 1 of the
3 groups according to randomly generated numbers. All
participants were single-blind to the nature of our experimental
design during the entire experimental period.
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Intervention Procedures
During the whole experimental period (including baseline,
intervention, and follow-up), each participant was able to
monitor his/her own steps by checking the trackers at any time.
In addition, in order to send social norm information within the
2 social norm intervention groups of both studies, during the
intervention stage, we set up separate WeChat groups for
participants within each intervention group. Participants in the
WeChat groups were asked to send a picture of their step
trackers (study 1) or smart bands (study 2) before sleep every
day. The next day at 10 AM, experimenters sent a personalized
step ranking to each WeChat group member regarding their
performance from the previous day.

To ensure that participants received the daily step ranking and
paid sufficient attention to it, they were asked to finish an online
daily tracking questionnaire containing 3 questions about step
rankings (eg, How many steps did the person rank first in the
group walk yesterday?) and their step tracker wearing habits
(eg, When did you start to wear the tracker today?).

Social Norms and Other Measurements
To measure social norms as our secondary outcomes,
participants also completed a social norm questionnaire on the
last day of each stage (total of 3 times) that was adapted from
a previous study [61]. The injunctive social norm questionnaire
(6 items) asked participants to judge on a 7-point Likert scale
(1, not agree at all to 7, totally agree) whether they agreed on
some positive statements about playing sports (eg, most
successful people have habits associated with playing sports).
The descriptive gender norm questionnaire (2 items) measured
participants’ descriptive male gender norms on walking
(estimation of the percentage of male students in the same
university walking over 6000 steps) and descriptive female
gender norms on walking (estimation of the percentage of female
students in the same university walking over 6000 steps).
Moreover, participants were asked to self-report some
demographic information, including their age, subjective health
(on a 5-point Likert scale; 1, very unhealthy to 5, very healthy),
height (m), and weight (kg), and BMI was calculated

(weight/height2).

Data Cleaning
Consistent with previous studies [39], we deleted data points
for the following reasons: participants failed to answer all the
daily tracking questions, device wear time was shorter than 8
hours (in study 1), or step count was less than 1000. In study 1,
4.72% of data points of step counts were missing, and in study
2, 0.79% of data were missing. Days with nonmissing data from
the same participant were still included in the final analyses.

In study 1, we excluded a total of 14 participants from all
analyses for the following reasons: 10 were lost in the follow-up
stage, 1 did not answer the tracking questionnaire during the
intervention stage, 1 had no valid baseline step data, and 2
lacked sufficient intervention step data (more than five missing
values). The final valid sample included 155 participants (75
males and 80 females; mean age 25.75 years, SD 1.27 years;
age range 23-33 years), of which 117 participants were from
low-PA groups. In study 2, 2 participants quit the experiment

halfway through and were thus excluded from all analyses. This
left a valid sample of 180 participants (92 males and 88 females;
mean age 22.60 years, SD 1.16 years; age range 20-30 years).

Statistical Methods and Data Analysis

Baseline Comparison
In order to ensure the homogeneity of all the experimental
groups, we conducted analysis of variance (ANOVA) to
compare participant characteristics (age, subjective health level,
and BMI) and baseline average step counts between the 3
groups. The homogeneity of variance was tested and satisfied.
The significant factor (BMI in study 1) was included as a
covariate in the analyses for the main outcomes.

Analysis for Social Norms
In order to compare changes in social norms (injunctive norms,
male descriptive norms, and female descriptive norms) among
groups across different experiment stages, we used a linear
mixed-effects (LM) model with the stage (baseline, intervention,
and follow-up) as a within-group factor, group and gender (male
and female) as between-group factors, BMI in study 1 as a
covariate, and the participant as a random intercept term in the
model.

Analysis of Walking Step Data
Walking step data in our studies had 2 key features. First, there
were 3 different stages (baseline, intervention, and follow-up)
in the entire experiment. Second, each stage consisted of a
segment of repeatedly measured daily step counts from each
participant (in study 1, a total of 22 daily step counts, while in
study 2, a total of 31 daily step counts). Given these features,
to better capture the variability of participants’daily step counts,
both at the individual level and the trend during each stage, we
applied a piece-wise linear mixed-effects (PLM) model.
Compared with a traditional simple linear model with a constant
slope, a piece-wise linear model implements several segmented
regression lines with different slopes, and thus is suitable to
perform staged and especially time-segmented prediction [62].
Meanwhile, the mixed effects of the PLM take into account the
individual differences during repeated measurements in each
experiment stage [63].

The PLM model for walking step data was conducted for each
gender separately. The predictors of the model were group,
time, and their interactions, with BMI as a covariate in study 1
and the participant as a random intercept term in the model. The
predictor “time” was defined by combining the continuous
variable “day” during the entire observation period (22 days for
study 1; 31 days for study 2) and the dummy categorical
variables to reflect “stage” (defined as baseline days 1-3,
intervention days 4-17, and follow-up days 18-22 for study 1;
and baseline days 1-10, intervention days 11-25, and follow-up
days 26-31 for study 2) to allow different linear trends over
different stages. The resulting 3 independent slopes represented
the different changes of each group from baseline to the
intervention stage, as well as from the intervention stage to the
follow-up stage. The model also allowed different intercepts
for each participant to control for possible variability in
individuals’ overall levels of steps. In this study, as participants
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in all 3 groups could self-monitor their steps during the entire
experimental period (baseline, intervention, and follow-up), the
changes in the slopes from baseline to the intervention stage in
the 2 social norm intervention groups will represent the extra
effects of social norm information on walking (isolated from
the effect of self-monitoring information in the entire
experimental period).

Next, to more closely examine the intervention effect, we also
created an LM model by only including the data from the
intervention stage (14 days in study 1 and 15 days in study 2).
The predictors of the model were group, day, and their
interactions, with BMI as a covariate in study 1 and the
participant as a random intercept term in the model. Then, by
comparing the slopes of “day,” we were able to compare the
effects on walking performance between providing
self-monitoring alone and providing social norm information
and self-monitoring.

Considering that the ranking position may impact the effect of
social norms, we also added ranking position as a new covariate
in the PLM. The results remained the same with the ranking
position as a covariate (see detailed information in Table S1 in
Multimedia Appendix 1 and Table S1 in Multimedia Appendix
2).

We performed all data analyses using R 4.0.3 (R Project for
Statistical Computing). We set the level of significance for all
analyses to .05. A P value between .05 and .10 was considered
marginally significant.

Results

Study 1

Participant Characteristics
Detailed information about participant characteristics is provided
in Table 1. ANOVA showed that, for both males and females,
control variables were not significantly different among groups,
except for BMI (P=.03 and .03 for males and females,
respectively). Consistent with our grouping criterion that the
high-PA group would walk more, we observed a significantly
higher baseline step count (male high-PA group: mean 11,775,
SD 3970; female high-PA group: mean 10,860, SD 3879;
P<.001), compared with the mean of the 3 low-PA groups.
These results indicate that, except for BMI, the 3 low-PA groups
were basically homogenous for both males and females. Thus,
we added BMI as a covariate in all subsequent analyses for
study 1.

Table 1. Participant demographic characteristics and baseline steps in study 1.

Female (N=63)Male (N=54)Variable

P valuePA-inconsistent
intervention
(n=22)

PA-consistent
intervention
(n=19)

Self-monitoring
(n=22)

P valuePA-inconsistent
intervention
(n=18)

PAa-consistent
intervention
(n=21)

Self-monitoring
(n=15)

.2725.77 (1.02)25.42 (0.96)25.32 (0.89).7225.72 (1.02)25.57 (1.03)25.87 (1.25)Age (years),
mean (SD)

.333.05 (0.72)3.32 (0.58)3.32 (0.72).553.67 (0.69)3.38 (0.86)3.47 (0.92)Subjective
health, mean
(SD)

.0319.18 (1.83)20.76 (1.23)20.23 (2.29).0320.51 (1.95)22.86 (3.58)22.54 (2.13)BMI, mean
(SD)

.667623 (2376)7527 (3407)8356 (3717).578634 (3105)7670 (3130)8687 (3759)Baseline steps,
mean (SD)

aPA: physical activity.

Changes in Social Norms
The LM model results (Table S1 in Multimedia Appendix 3)
showed a significant main effect of stage on descriptive gender
norms (male gender norm: F2,222=28.70; P<.001; female gender
norm: F2,222=29.16; P<.001) and injunctive social norms
(F2,222=5.23; P=.01). In particular, during the experimental
stages, the descriptive gender norm perceptions among all 3
groups increased progressively (P<.001). Participants’
estimations about the percentage of male students walking over
6000 steps increased from a mean of 40.84% (SD 20.69%) to
49.80% (SD 18.62%) and then to 55.97% (SD 17.56%).
Moreover, participants’ estimations about the percentage of
female students walking over 6000 steps increased from a mean
of 31.83% (SD 19.32%) to 41.31% (SD 18.56%) and then to
47.21% (SD 17.85%). Among female students, injunctive social
norm perceptions also increased significantly (P=.004) from

baseline (mean 5.35, SD 0.92) to the follow-up stage (mean
5.66, SD 0.74). Surprisingly, however, we failed to observe a
significant group difference in changes in social norms. This
suggests that the self-monitoring intervention alone may be
capable of leading people to perceive a higher level of social
norms about walking.

Effect of the Social Norm Intervention on Step Count
As shown in Table 2 and Figure 3A, the PLM model showed
separated patterns for genders with regard to step count. For
males in the self-monitoring group, we detected a significantly
negative change in slope over time from baseline to the
intervention stage (P=.02), suggesting that they walked less
after the 3-day baseline. For males within the 2 social norm
intervention groups, walking did not change during the whole
experiment. For females, however, no significant slopes or
changes in slopes over time were found, suggesting that the
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walking behavior of females did not change in any of the 3
groups during the whole experiment. BMI was also a significant
predictor in females but not males. Specifically, a higher BMI
predicted more steps taken by females (slope=328.13;

F1,59.23=6.21; P=.02), a pattern which was not repeated by males
(slope=101.91; F1,49.92=0.57; P=.45). These results suggest that
higher BMI motivated females, but not males, to walk more
steps.

Figure 3. Step counts (piece-wise linear mixed-effects model predicted) of the self-monitoring and 2 social norm intervention groups in study 1 (A)
and study 2 (B). Each polyline represents a participant. One highlighted polyline is used for each group and gender (male, blue line; female, red line).
All (marginally) significant changes of slope and slope of the intervention are labeled. *P<.10 but >.05, **P<.05.

These results partially supported H1 and H2, suggesting that
the effect of social norm interventions is gender-specific. For
males in the self-monitoring group, the promoting effect of
self-monitoring on walking was short-lived. Although the social

norm intervention did not robustly increase walking in males,
the extra social norm information, regardless of its PA
consistency, could at least prevent their walking steps from
decreasing. For females, self-monitoring showed a stable but

J Med Internet Res 2021 | vol. 23 | iss. 12 | e29167 | p.513https://www.jmir.org/2021/12/e29167
(page number not for citation purposes)

Xu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


nonsignificant effect on walking behavior, and we found no evidence that social norms worked better than self-monitoring.

Table 2. Results of the piece-wise linear mixed-effects model in study 1 across all experimental stages.

Conditional R2Follow-upInterventionBaselineInterceptGender and group

P valueChange in
slope

P valueChange in
slope

P valueSlope

0.27Male (N=54)

.8448.66.02−1422.16.031254.208169.98Self-monitoring (n=15)

.46−148.91.71181.10.77−142.537930.21PAa-consistent intervention
(n=21)

.32−213.44.82−128.39.75166.579267.26PA-inconsistent intervention
(n=18)

0.15Female (N=63)

.68−84.81.12854.63.14−766.838082.79Self-monitoring (n=22)

.81−54.04.79152.45.95−37.138181.32PA-consistent intervention
(n=19)

.8442.54.35496.86.30−525.538118.16PA-inconsistent intervention
(n=22)

aPA: physical activity.

Comparing the Effects of Self-Monitoring and Social
Norms on Step Count
Results from the LM model at the intervention stage indicated
(details in Table 3) a clear distinction between genders in terms
of sensitivity to self-monitoring and social norm interventions.
For males, the interaction between time and group was
marginally significant (F2,682.11=2.48; P=.09). In the
self-monitoring group, we observed a significantly negative
slope (P=.04), suggesting that steps taken by males in this group
decreased during the intervention stage, while both the
PA-consistent and PA-inconsistent interventions arrested this

decreasing trend. For females, however, the interaction between
time and group was significant (F2,793.57=3.39; P=.03). A
significantly negative slope (P=.03) for the PA-inconsistent
intervention group also suggested that the PA-inconsistent
intervention led to a decrease in steps walked during the
intervention stage. No such effect for females in either the
self-monitoring or PA-consistent intervention group was found.
Consistent with findings from the PLM model, a higher BMI
in females was a significant predictor of more steps walked
(F1,59.35=4.22; P=.04). Again, this pattern was not found in
males (F1,49.91=0.75; P=.39).

Table 3. Results of the intervention-focused linear mixed-effects model in study 1.

Conditional R2P valueSESlopeInterceptGender and group

0.31Male (N=54)

.0471.43−144.838448.02Self-monitoring (n=15)

.5460.9237.048068.35PAa-consistent intervention (n=21)

.4665.7648.709520.74PA-inconsistent intervention (n=18)

0.21Female (N=63)

.1657.4981.147800.66Self-monitoring (n=22)

.6061.7032.737973.10PA-consistent intervention (n=19)

.0357.44−122.188141.32PA-inconsistent intervention (n=22)

aPA: physical activity.

Taken together, these results partially supported H1 and H2,
with several restrictions. For males in the self-monitoring group,
self-monitoring only was not able to exert any long-term effect
since steps decreased significantly, while for males in the 2
social norm intervention groups, steps were kept unchanged by
the provision of social norm information. In contrast, for
females, social norms did not work more effectively than

self-monitoring. The hypothesized moderating effect of group
identity (H3a) was supported, but it also interacted with gender.
In particular, for females, PA-inconsistent social norms had a
negative effect on walking behavior.

In summary, these results preliminarily confirmed H2 and H3,
revealing a gender-specific moderating effect of group identity
on social norms. Given the finding that gender did play an
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essential role in moderating the effect of the social norm
intervention and considering the reliability of our results, we
conducted study 2 to replicate this study. Moreover, we
modulated gender consistency to further examine the effect of
group identity.

Study 2

Participant Characteristics
Detailed information of participant characteristics can be found
in Table 4. ANOVA showed that, for both males and females,
these baseline characteristics were not significantly different
among groups (Table 4), indicating a fair homogeneity for the
3 experimental groups among both males and females.

Table 4. Participant demographic characteristics and baseline steps in study 2.

Female (N=92)Male (N=88)Variable

P valueGender-inconsis-
tent interven-
tion (n=32)

Gender-consis-
tent interven-
tion (n=34)

Self-monitoring
(n=26)

P valueGender-inconsis-
tent interven-
tion (n=32)

Gender-consis-
tent interven-
tion (n=33)

Self-monitoring
(n=23)

.2922.28 (0.63)22.24 (1.02)22.58 (0.95).4122.88 (1.29)23.06 (1.50)22.57 (1.20)Age (years),
mean (SD)

.653.44 (0.56)3.29 (0.72)3.35 (0.56).773.41 (0.50)3.42 (0.61)3.30 (0.82)Subjective
health, mean
(SD)

.1420.54 (2.52)19.42 (1.16)19.89 (2.59).5421.41 (3.72)21.71 (2.52)22.40 (3.56)BMI, mean
(SD)

.228307 (2788)8099 (1732)7358 (1518).398012 (2647)8750 (2211)8737 (2279)Baseline steps,
mean (SD)

Changes in Social Norms
Similar to study 1 (Table S1 in Multimedia Appendix 4), for
the 2 types of descriptive gender norms, LM model results
showed a significant main effect of the stage (male gender norm:
F2,348=13.80; P<.001; female gender norm: F2,348=22.39;
P<.001). Post-hoc analysis showed that both descriptive male
and female norms increased (P<.001) as the experiment
progressed (from baseline to intervention to follow-up).
However, in terms of injunctive social norms, LM model results
showed no significant main or interaction effect. These findings
indicate that injunctive norms in participants across all 3 groups
did not change significantly with the experiment process.

In contrast to study 1, we found that females perceived higher
descriptive gender norms than males. When asked “What is
your estimation of the percentage of male/female students in
the same university walking over 6000 steps?” (descriptive
male/female gender norms), female participants estimated that
52.53% (SD 20.68%) of male students and 40.13% (SD 19.76%)
of female students would walk over 6000 steps, while male
participants estimated that 42.00% (SD 19.98%) of male
students and 33.99% (SD 19.06%) of female students would
walk over 6000 steps. In addition, there was a significant
interaction between group and gender (P=.01) for the descriptive
male norm. Post-hoc analysis showed that there was no
significant group difference for female participants (adjusted
P>.10). However, for male participants, the gender-consistent
group had significantly higher norms than both the
self-monitoring (adjusted P=.01) and PA-consistent groups
(adjusted P=.09). In detail, males in the gender-consistent group
estimated that 48.29% (SD 19.91%) of male students walked
over 6000 steps, while male participants in the self-monitoring
and gender-inconsistent groups estimated that 35.54% (SD
19.51%) and 40.16% (SD 18.67%) of male students walked

over 6000 steps, respectively. In contrast, their estimations for
female students were not significantly different.

Again, these results indicated that descriptive gender norms
kept increasing for both genders as the experiment progressed
from baseline to intervention to follow-up. We found that the
gender-consistent manipulation was effective in influencing the
gender norm perceptions of males but not females.

Effect of the Social Norm Intervention on Walking
Behavior
Results of the PLM model in Table 5 and Figure 3B replicated
the finding in study 1 of a different effect of self-monitoring
and social norms for each gender. For males, a
self-monitoring–only intervention led them to walk less after
baseline, while additional social norm information may help
keep their walk steps unchanged. Only males in the
self-monitoring group walked less after baseline as indicated
by a marginally significant negative change of slope over time
from baseline to the intervention stage (P=.08). On the other
hand, males in the 2 social norm intervention groups did not
show any change in walking behavior during the entire
experiment.

However, in contrast to study 1, we found a backfire effect of
gender-consistent social norms among females. Females in the
self-monitoring group walked more after baseline, and the slope
changed in a positive direction over time from baseline to the
intervention stage (P=.03). However, females in the
gender-consistent group walked less compared to baseline (ie,
the backfire effect), and the slope changed in a negative direction
over time from baseline to the intervention stage (P=.03). These
results again suggested that social norms might help males to
maintain long-term walking behaviors, while they do not provide
the same benefit and could even exert a negative effect
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(gender-consistent social norms) on the walking behavior of females.

Table 5. Results of the piece-wise linear mixed-effects model in study 2 across all experimental stages.

Conditional R2Follow-upInterventionBaselineInterceptGender and group

P valueChange in
slope

P valueChange in
slope

P valueSlope

0.25Male (N=88)

.20160.51.08−151.33.3064.898159.99Self-monitoring (n=23)

.44−81.14.6928.29.45−39.978518.26Gender-consistent intervention
(n=33)

.35−100.37.4950.25.49−37.167839.48Gender-inconsistent interven-
tion (n=32)

0.22Female (N=92)

.19−148.91.03164.49.04−117.337303.92Self-monitoring (n=26)

.07177.38.03−143.68.1179.708014.41Gender-consistent intervention
(n=34)

.85−19.19.54−42.36.8310.947970.47Gender-inconsistent interven-
tion (n=32)

Comparing the Effects of Self-Monitoring and Social
Norms on Walking Behavior
We did not find any significant slopes in the
intervention-focused model. Detailed results from the LM model
over the intervention period are shown in Table S1 and S2 in
Multimedia Appendix 2. These results partially supported H1
and H2, and essentially replicated results from study 1,
suggesting that the effect of social norm interventions on
walking is only weak among males but not females. For males,
walking behaviors that were driven by self-monitoring only
began to decrease slightly after 10 days, while for those
receiving social norm information, regardless of whether this
information was gender-specific (ie, in the gender-consistent
group) or not (ie, in the gender-inconsistent group), the walking
behaviors remained unchanged. However, contradicting H3b,
for females, gender-consistent social norms produced a backfire
effect on the promotion of walking, suggesting that without
these social norms, self-monitoring only may have led to females
walking more.

Discussion

Principal Findings
Through 2 longitudinal tracking studies in a sample of Chinese
college students, we made several findings. First, gender
moderated the effect of the social norm intervention on walking.
For males, the effect of the self-monitoring–only intervention
was short-lived, while the addition of social norm information,
regardless of its PA consistency or gender consistency, was able
to keep the walking behavior unchanged. For females, we found
no evidence to show that social norms performed better than
self-monitoring. Second, an additional higher level of group
identity in females did not consistently guarantee an improved
effect of the social norm intervention on PA. With
PA-inconsistent social norms (study 1) and gender-consistent

social norms (study 2), the results suggested even a backfire
effect on walking steps among females.

Gender-Specific Effectiveness of Social Norm
Interventions for Walking
Most previous intervention studies considered self-monitoring
and social norms as 2 independent and effective strategies for
promoting PA [7,8,12]. Little attention was paid to how these
2 strategies might compare in terms of effectiveness. In our
studies, we combined these 2 strategies (self-monitoring–only
intervention vs social norms and self-monitoring intervention)
in order to directly compare their effects. Consistent with
previous work [10,12,26], both studies consistently revealed
that the effects of self-monitoring on PA (especially among
males) were short-term (at least no longer than 3 or 10 days).
We found that, among males, the addition of sharing social
norms could outperform the effects of self-monitoring only.
These results were partially consistent with those of Rote et al
[9]. They reported that young women who shared PA
information with Facebook group members were able to increase
their PA more than those who only used a self-monitoring
strategy. These results differed from our results in terms of
gender.

As a meta-analysis [23] has previously suggested, our results
revealed a notable separation in the patterns of PA outcomes
according to gender. Specifically, for males, with
self-monitoring as a baseline condition, we found that the effect
of the intervention with social norm information can keep
walking unchanged among males. However, for females, we
found no evidence that social norms performed better than
self-monitoring. A reasonable explanation for gender differences
in the effect of a social norm intervention is that a relatively
weak self-monitoring effect among males may leave more
potential for a social norm intervention to produce a protective
effect. Previous studies suggested that male students may be
less self-disciplined [64] and less likely to use self-regulation
strategies [65] than females. As a result, both of our studies
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showed a marginally significant decrease in walking in males
after the baseline stage (in study 1, the change of slope over
time was −1422.16; P=.02; in study 2, the change of slope over
time was −151.33; P=.08), revealing a short-lived effect of
self-monitoring among males when no social norm information
was provided. Thus, as the effect of self-monitoring began to
fade over time [66], additional social norm information was
able to encourage males to perform social comparisons between
themselves and their peers, thus motivating them to pursue a
better rank position by walking more. For females, however,
the self-monitoring intervention tended to benefit them more
significantly, as they represent a more self-disciplined group
[64]. A previous meta-analysis also concluded that the effect
size of wearing a pedometer is much greater for females (95%
CI 0.64-0.97) than males (95% CI −0.18 to 0.79) [66].
Therefore, a simple wearable pedometer may already lead highly
motivated females to walk more, thus making it more difficult
for other interventions to produce an additional enhancement
or further increase the PA of females. This may be the reason
why social norm information or supplemental PA intervention
strategies [67], other than self-monitoring, work better for males
than females.

An alternative explanation may be related to a counterproductive
cultural stereotype, prevalent in Chinese culture, that females
should be less active and petite than males [68]. From this
perspective, constant PA may be deemed as an obstacle to
adhering to such a stereotype regarding femininity, which may
consequently discourage some female college students from
engaging in PA. This explanation is supported by our results
that the descriptive female gender norms were consistently lower
than the male gender norms in both studies. Taking study 2 as
an example, participants estimated that only 37.13% (SD
19.65%) of female students would walk over 6000 steps;
however, for male students, the estimation was 47.38% (SD
20.99%). Still, these stereotypes of walking gender difference
may only be effective as a self-serving bias for males. In study
2, the actual within-group rankings of females were even better
than those of males; 53% of the highest quarter of the step
ranking involved females in the gender-inconsistent intervention
group. As a result, a relatively high level of individual PA may
be perceived as a quality outside the “normal” confines of
femininity, thus deviating from the traditional female stereotype,
or, even worse, it could be considered as having an atypical
female behavior. Previous studies have shown that a high level
of PA may expose females to feelings of social pressure [69]
and being stigmatized [70]. Thus, even if a female could have
a similar step ranking to a male, the psychological meaning of
ranking (the social norm information) might be different
because, among females, having a high PA level might be
perceived as an outside-gender group behavior rather than a
within-gender group social norm. However, males may be
motivated purely by the desire to pursue a better rank position,
since walking more or having high PA is consistent with their
own gender stereotype and set of social expectations. Thus,
ranking as a motivational device was only effective for males,
and in light of cultural expectations regarding femininity, no
positive effect of social norm information was found among
females. Future studies may benefit from comparing the effects
of self-monitoring and social norm interventions on PA within

different cultural backgrounds, or perhaps examining gender
stereotypes unique to the cultures of participants’ countries.

It should be pointed out that, based on the current evidence,
providing social norm information might have no more than a
protective effect. Since neither study revealed a significantly
positive change in slope in any social norm intervention group
during the intervention stage, the provision of social norm
information did not produce any additional enhancement in PA.
Among males, however, both studies suggested that
self-monitoring on its own may lead to a reduction in steps
walked following the baseline stage. The addition of social norm
information was, at least, shown to hold the level of PA steady
in males, which can be considered as a protective effect.

A Higher Group Identity Does Not Equal A Better
Effect of Social Norm Information
In both studies, we found that group identity moderated the
effect of social norm information on walking behavior.
According to predictions of the TNSB, social norm information
shared between members with a high group identity should
make its effect more powerful [42]. However, we found that
this type of effect of group identity was not reflected among
males, while, among females, a higher group identity appeared
to be a double-edged sword in terms of its effect on PA.

In particular, in study 1, we found that providing social norms
with lower group identity (PA-inconsistent social norms) led
to a reduced effect on walking in females, a finding which is
consistent with the TNSB. This finding among females who
were part of the PA-inconsistent group engaging in a low level
of PA may be driven by 2 possible factors. First, we have to
note the large disparity in performance between high-PA
participants and low-PA participants in our study. For high-PA
participants, the mean count of steps walked during the
intervention stage was 11,997 (SD 3165), but for low-PA
participants, the mean count of steps walked was 7868 (SD
2341). The later participants may have been likely to perceive
themselves as outgroup members, thus weakening the effect of
any social norm intervention. Second, these members may also
have perceived a greater sense of upward social comparison,
that is, comparison with peers who are relatively better off [71].
Thereafter, there may have been a subsequent loss of motivation
to achieve a better ranking, leading to a reduction in walking.
This effect is consistent with previous studies in which more
upward comparison on social media platforms was associated
with a decrease in self-esteem or well-being [72], as well as
more depression or shame [73]. It has been suggested that
interventions that lead to inappropriate types of social
comparison, either upward or downward, may indeed be counter
effective for one’s PA. Further studies should take the type of
social comparison into account when considering the application
of other potential factors (eg, age consistency [46]) to increase
(or decrease) group identity theoretically.

In study 2, however, social norm information from a
gender-consistent source, which should theoretically lead to a
higher group identity, surprisingly led to a decrease in PA among
females compared with PA in the self-monitoring control group.
Although there are few interventions using gender-consistent
social norms, our results are consistent with the finding in
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another health intervention study (providing gender-consistent
social norm information is ineffective in reducing alcohol intake)
[47]. One possible explanation might be that for females, sharing
gender-consistent social norm information, that is, sharing
gender-specific information, may provoke increased feelings
associated with femininity and thus bring about concerns
regarding their own social gender role. An alternative
explanation could be that the separation of genders in ranking
may unintentionally sharpen some undesirable social norms for
females (eg, few females walk a lot), thus negatively impacting
the intervention. For future interventions, we would argue that,
at least in the context of promoting PA among females, tailoring
social norm interventions to be gender consistent may not be
advisable, since an unexpected side effect may conceal or even
reverse the desired effect of the interventions.

Implications
Based on WeChat groups and step ranking information as an
ecological intervention, our study can provide new empirical
evidence with high ecological validity regarding the effect of
social norm information in promoting PA within the Chinese
context. Our study contributes to the field of mHealth and PA
interventions in 3 ways. First, by using a self-monitoring control
group, our study avoided the high statistical error rate typically
brought about by a mixed-strategy intervention. Second, our
findings highlighted salient gender differences associated with
the effects of social norm information and self-monitoring on
PA. These findings suggest the necessity to take gender into
account when designing mHealth interventions for Chinese
users. Third, we advise caution in using group identity to
promote PA. This is especially true for gender-specific
manipulations, since the increase in identification with females
may, in the context of promoting walking or general PA, conflict
with the target behavior.

Given the critical role of personalization in mHealth
interventions, our results provide some useful insights into
PA-targeted mHealth intervention projects in China. First, a
gender-specialized intervention is essential to the goal of
nudging walking behavior in China. For males, compared with
a more traditional passive presentation of walking data,
proactively pushing PA-related social norm information to users
may be a more effective method for pedometer apps and other
self-monitoring interventions. For example, WeRun or other
mHealth apps could push a daily reminder containing the
walking data of the friends of male users in order to maintain
the initial beneficial effect of self-monitoring. However, among
females, since social norm information did not have a beneficial
effect on walking behavior, rather than adding extra social norm
manipulations, maximizing the effect of self-monitoring may
be a better approach. Female-targeted interventions should make
full use of self-monitoring strategies. For example, they could
push a daily personal step count to female users and track the
overall walking step count record for each week. Second,

nonessential gender-specific social norm information should
be used with caution in PA interventions, since heightened
gender identity may conflict with the target behavior, thus
leading to an undesired outcome. Therefore, further mHealth
interventions or smart devices should tailor their plans according
to the gender of users; the provision of social norm information
may be “the icing on the cake” for males but would be
superfluous for females.

Limitations
Several limitations of this research should be noted. All of our
participants were Chinese college students, and this may limit
the external validity and generalizability of our results. Although
the main results were replicated across 2 studies to ensure their
reliability, more empirical evidence is needed before
generalizing our findings to other samples (eg, older adults) or
other cultural backgrounds (eg, those with relatively weak
gender stereotypes or gender gaps). Given that college students
have a relatively high PA level (the average step count recorded
by WeRun was 6932 steps/day in 2019 [74], while participants
reached 7900 step/day in both our studies), further studies may
investigate lower PA groups, such as office staff and retirees,
to replicate our results.

In addition, previous studies have suggested that the effect of
self-monitoring on PA can be attributed to the Hawthorne effect
[26]. Although we aimed to compare the pure effect of
self-monitoring and a social norm intervention, the nature of
our study design means that we cannot rule out this possibility,
that is, any effects observed may have been related to
participants’ awareness that their walking activity was being
monitored.

Finally, we did not provide sufficient empirical evidence to
attribute our finding that females reduced their PA in the
gender-consistent group to the presence of a backfire effect of
high group identity on social norms. Other potential variables,
such as trait competitiveness, may also impact the effect of
social norm information. Further studies may benefit from
controlling these variables to directly address this unexplained
result.

Conclusion
Gender and group identity are 2 moderators of the effect of
social norm interventions on walking. In female Chinese college
students, a higher sense of group identity does not guarantee a
better effect of social norm information on PA, that is,
PA-inconsistent or gender-consistent social norm information
reduces walking in females. However, in male Chinese college
students, social norm information and group identity do not
show such an effect. Specifically, while walking may decrease
with self-monitoring only, the inclusion of social norm
information may help to keep the level of walking steady in
males.
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Abstract

Background: New innovative technologies, such as mobile apps, have been developed to increase pre-exposure prophylaxis
(PrEP) adherence and the use of log sex diaries. The contiguity of mobile apps reduces the recall bias that generally affects
reported condom and PrEP use. However, none of the currently used mobile apps were designed for event-driven PrEP users,
and few studies have demonstrated the potential usage of sex diary data to facilitate the understanding of the different HIV risks
among heterogeneous profiles of sex diaries and PrEP use.

Objective: We aim to discriminate the heterogeneous profiles of sex events and PrEP use and examine the risk of condomless
anal sex among different types of sex events.

Methods: We recruited 35 adult men who have sex with men from two medical centers in Taiwan since May 2020 and followed
up for four months. Participants were on PrEP or willing to take PrEP. They were asked to log their sex events, PrEP use, and
dosing regimens on a mobile app to improve their PrEP adherence. Latent class analysis was used to distinguish profiles of sex
events and PrEP use. Indicators included correct intake of PrEP for each sex event, participants’ sexual positioning, partner’s
HIV status, and age.

Results: A total of 551 sex events were classified into three classes by latent class analysis: PrEP nonadherent flip-flopping
(234/551, 42%), PrEP imperfect-adherent power bottoming (284/551, 52%), and PrEP adherent serodiscordant topping (33/551,
6%). “PrEP nonadherent flip-flopping” sex events were more likely to involve condomless anal sex than “PrEP imperfect-adherent
power bottoming” (OR 1.83, 95% CI 1.03-3.25) after considering random intercepts for individuals, and this class needed to
increase their PrEP adherence and use of condoms. “PrEP imperfect-adherent power bottoming” realized their own risk and
packaged PrEP with condoms to protect themselves. Up to 99% (32/33) of sex events in “PrEP adherent serodiscordant topping”
were protected by PrEP, but all of the sex events in this group were condomless.

Conclusions: Using the sex diary data could advance the capacity to identify high-risk groups. HIV prevention strategy should
be more flexible and combine PrEP with condom use for future HIV prevention.
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Introduction

Pre-exposure prophylaxis (PrEP) is an effective tool for HIV
prevention [1]. The number of PrEP users has increased in recent
years [2]. In Taiwan, the majority of PrEP users are men who
have sex with men (MSM) [3], and it is estimated that 8.9% of
MSM were on PrEP in 2019 [4]. A question has emerged from
the scale-up of PrEP use regarding whether MSM have
decreased their intention of using condoms since they are on
PrEP. MSM PrEP users may tend to practice condomless anal
sex because they perceive PrEP use decreases their risk of HIV
infection [5-8]. A few studies did not find support for the
increase of condomless anal sex after PrEP initiation [1,9,10].
The evidence of the association between condomless sex and
PrEP use remains inconsistent. The practice of condom use
needs to be addressed in PrEP implementation because other
sexually transmitted infections may increase. Moreover, if PrEP
users are stigmatized as those who prefer condomless sex [11],
PrEP scalability may be impeded.

To address whether PrEP use is associated with condomless
anal sex in MSM requires measurement of condom use during
sex and PrEP intake. Most studies have used self-reported
surveys to measure condom use and PrEP adherence [12-15],
but recall bias affected the accuracy when participants were
asked to recall how many times they used condoms or took
PrEP over a long period. Some studies asked participants
whether they used condoms during the last anal sex event to
reduce the recall bias [16-18], but a one-time sex event neither
reflects the long-term decision-making of condom use nor
assesses the longitudinal change of PrEP adherence. Although
self-reporting bias is still inevitable, using a website survey or
mobile apps to measure condom and PrEP use can be more
immediate than traditional surveys [19-22]. Additionally, PrEP
adherence could be measured by drug concentrations in hair or
dried blood spots and Wisepill bottle openings [23]. However,
drug concentration testing is costly and time-consuming, and
Wisepill bottle openings may underestimate PrEP adherence if
the bottle is not being used [23]. There has been no perfect
measurement for condom and PrEP use until now, but a mobile
app that allows users to log their PrEP use and sex diary at any
time or place may be more suitable for monitoring HIV risk in
MSM. Sex diaries have been used to track sexual encounters,
reduce risky sexual behavior [19-21], and facilitate PrEP uptake
[19]. Therefore, a sex diary on a mobile app that gathers the
information of each sex event, such as condom use and partner’s
HIV status, is important for researchers to examine condom use
with different sexual partners and track whether or not PrEP is
taken correctly.

Because the data from sex diaries contain various characteristics,
latent class analysis has usually been used for classifying the
characteristics of sexual partners in each sex event to reduce
the dimensions of data and create profiles of sexual activities

to facilitate outcome analysis. Classifying the patterns of sex
events and PrEP use is crucial to identifying which patterns
were associated with condomless anal sex. Factors such as a
partner’s HIV status and age, sex position, condom use, and
dosing regimen of PrEP should be considered in relation to
whether one has adhered to PrEP as those factors affect the
decision-making of condom use. For example, having sex with
an older partner was more likely to involve condomless anal
sex [24]. MSM who identified as bottoms were less likely to
use condoms than those identified as tops [18]. MSM were more
likely to practice condomless anal sex with a partner whose
HIV status was the same as themselves, compared with those
who had sex with a partner whose HIV status was different [25].
Using mobile apps for MSM to log PrEP uptake and sex diaries,
including the risk factors mentioned above, can help researchers
identify the subgroups of sex events and their relationship with
condom use.

In this study, we used event-level data collected from sex diaries
in a mobile app that allowed MSM PrEP users to record their
PrEP intake, choice of dosing regimen, and information for each
sex event. We aimed to understand whether the decision of
condom use in a sex event could be evaluated based on one’s
PrEP use and perception of HIV risk. Specifically, we described
the pattern of sex diaries and the proportion of correct PrEP use
in relation to condom use and the sexual partners’ HIV status.
We then used latent class analysis (LCA) to identify
heterogeneous sex diaries and PrEP use profiles. Lastly, we
examined whether condom use was related to the various sex
diaries profiles involving PrEP use. This study demonstrates
innovative implications for sex diary data, and the findings will
broaden applications in further HIV interventions.

Methods

Study Population and Procedure
We recruited participants referred by physicians and PrEP
navigators from two medical centers in two major cities of
Taiwan (Taipei and Tainan). The following MSM were eligible
for inclusion: (1) HIV-negative, (2) age ≥20 years, (3) currently
taking PrEP or willing to initiate PrEP after enrollment, (4) had
at least 4 episodes of anal sex with men in the previous month,
and (5) are willing to install our mobile app—the UPrEPU
app—on their smartphone device. Eligible participants interested
in this study were informed about the purpose and goal of the
study. In the informed consent process, research assistants
explained which types of data would be collected by the
UPrEPU app. All the data were de-identified, and participants’
personal information was unrecognizable. People who agreed
to join the study were asked to provide signed informed consent,
and research assistants tutored them regarding the use of the
UPrEPU app. Data collected on the app was kept private and
confidential. Recruitment began in May 2020, and each
participant was followed for 4 months. Participants were tested
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for HIV at each monthly follow-up. Participants could receive
US $20 cash for each follow-up as an incentive. More detailed
study procedures were described elsewhere [26].

The UPrEPU was designed to remind the users to take PrEP
based on their dosing regimen, potential time, and pre-arranged
date for the sex event and monitor their PrEP adherence. More
than half of MSM in Taiwan (56%) chose to take PrEP with an
event-driven (ED) dosing regimen [27], a regimen that required
individuals to take two pills 2 to 24 hours before sex, and
followed by taking one pill 24 hours after sex and another pill
48 hours after sex [28]. This is the first app that considered the
complexity of the ED dosing regimen, and the reminders for
taking ED PrEP were contingent on the timing of sex events.
The UPrEPU app allowed users to track whether their sex events
were protected by PrEP and log their dynamic PrEP-dosing
choices. Participants could also record relevant information
regarding each sexual event, including whether a condom was
used, participants’ sexual positioning, sexual partner’s age, and
HIV status. The present study was approved by the Institutional
Review Board of the National Cheng Kung University Hospital
(IRB: B-BR-107-076-T).

Latent Class Indicators

Correct Intake of Prep for Each Sex Event
For each sex event, whether or the MSM had correctly used
PrEP was based on their dosing regimen and categorized as:
(1) correct use of the daily dosing regimen, (2) correct use of
the ED dosing regimen, and (3) incorrect use of either dosing
regimen. Because taking at least 4 pills per week was suggested
to provide enough protective PrEP concentrations [29], correct
use of a daily dosing regimen was defined as at least 4 pills
taken 168 hours before each sex event. Correct use of an ED
dosing regimen was defined as taking 2 pills before and another
2 after each sex event. More specifically, the 2 pills before
should be taken 2 to 24 hours before each sex event. However,
if at least one pill was taken 25 to 168 hours before each sex
event, taking only one pill 2 to 24 hours before each sex event
was allowed [28]. The selection of when to take the 2 pills after
each sex event was based on when the pill was taken right before
sex. Our measurement allowed a 2-hour buffer for the participant
to log his PrEP use into the app. Participants could also log their
previous PrEP use. For example, if participants took 1 or 2 pills
X hours before each sex event (X ranged from 2 to 24), they
should take another single pill from 22 to 26 hours after the
time X. The last pill should be taken 46 to 50 hours after the
time X. Incorrect use referred to those in neither of the above
groups.

Participants' Sexual Positioning
Participants were asked to report whether they practiced
insertive, receptive anal sex, or both during each sex event.

Partner’s HIV Status
Response options of each participant’s sex partner’s HIV status
consisted of the following: unknown HIV status, negative and
on PrEP, negative but not on PrEP, positive with an undetectable
viral load (UVL), or positive with an unknown viral load.

Partner’s Age
We asked participants to estimate the age of their sexual partner
for each event; the options included less than 20, 21 to 30, 31
to 40, 41 to 50, 51 to 60, and above 60 years old. The
comparison between the participants’ and their sexual partners’
age was used as the latent class indicator, including “partner
was at least one age category younger than I,” “the same as
participant’s age category,” and “partner was at least one age
category older than I.”

Statistical Analysis
The pattern of sex events during 4 months was presented for
each participant. For each sex event, we measured whether a
condom was used and whether PrEP was taken correctly, along
with the choice of the dosing regimen. LCA was conducted
using R version 4.0.3 (R Core Team) and the poLCA package
[30]. We used LCA to classify sex events into subgroups. Latent
class indicators included participants' PrEP dosing regimens
during each sex event, their sexual positions, their sexual
partner’s HIV status, and the age comparison between
participants and their sexual partner. The models were estimated
10 times, with 500 iterations for each run; the solutions with
the largest likelihood values were considered maximum
likelihood estimates. The model with the lowest Akaike
Information Criteria (AIC) [31], lowest Bayesian Information
Criteria (BIC) [32], and highest entropy was considered the
best-fitting model [33].

Posterior class membership probabilities were used to assign a
predicted class to each sex event. Logistic regression analysis
was used to compare the difference in condom use between
classes. Since one participant could provide more than one sex
event, we further used mixed-effects logistic regression with
random intercepts for participants.

Results

Participants
The study enrolled 35 users who installed the UPrEPU app. We
excluded 3 (8.6%) users who did not enter any sex event in the
app. The average age of the remaining 32 (91.4%) users was
29.3 years (SD 4.9). During 4 months, no seroconversion was
reported. The number of sex events in 4 months ranged from 1
to 66 (mean number: 17.2). A total of 551 sex events were
recorded in this study. Table 1 lists the characteristics of sexual
partners and sex events. Condoms were used in 22% (123/551)
of sex events. Participants reported correct use of ED PrEP in
64% (352/551) of sex events and correct use of daily PrEP in
14% (79/551). Insertive anal sex was practiced in 35% (193/551)
of sex events; receptive anal sex was practiced in 54%
(295/551); 11% (63/551) of sex events reported practicing both
insertive and receptive anal sex in the same sex event. Among
the HIV and PrEP status of users’ sexual partners in all events,
38% (209/551) of sexual partners’ HIV status was unknown,
21% (118/551) were on PrEP, 30% were negative and not on
PrEP, 11% (59/551) were positive with UVL, and there were
no positive partners with unknown viral load. Half of the sexual
partners (273/551) were reported in the same age category as
the participants.
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Table 1. Characteristics of sexual partners and sex events (N=551).

Values, n (%)Participant characteristics

Whether condom was used

123 (22)Yes

428 (78)No

Participants’ PrEPa dosing regimens during the sex event

79 (14)Correct use of daily PrEP

352 (64)Correct use of EDb PrEP

120 (22)Incorrect use of PrEP

Participants’ sexual positioning

193 (35)Insertive anal sex

295 (54)Receptive anal sex

63 (11)Both insertive and receptive anal sex in the same sex event

Partner’s HIV status

209 (38)Unknown HIV status

118 (21)Negative and on PrEP

165 (30)Negative but not on PrEP

59 (11)Positive with an undetectable viral load

0 (0)Positive with an unknown viral load

Partner’s agec

154 (28)Partner was at least one age category younger

273 (50)The same as participant’s age category

124 (23)Partner was at least one age category older

aPrEP: pre-exposure prophylaxis.
bED: event-driven.
cAge category difference was based on the following age categorical variables of the sexual partners reported by the participants: less than 20, 21 to
30, 31 to 40, 41 to 50, 51 to 60, and above 60 years old.

Among 551 sex events, 83% (455/551) were protected by either
PrEP or condoms, 18% (99/551) were protected by both PrEP
and condoms, and 17% (96/551) were protected neither by PrEP
nor by condoms (Figure 1). Among 32 participants, only one
(3.1%) person was protected by PrEP and wore condoms during

every sex event. There were 7 (22%) MSM protected by PrEP
every time that had at least 1 condomless sex event and 24
(75%) MSM that had at least 1 sex event protected neither by
PrEP nor a condom.
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Figure 1. Sex events of each participant with dosing regimen and condom use (N=551).

Latent Class Analysis
The statistics of one-class to five-class models are shown in
Table 2. Compared with a four-class model, the three-class
model had lower BIC. Although the four-class model had lower

AIC than three clusters, BIC is more appropriate to indicate the
best-fitting model [34]. The three-class model also had the
highest entropy. Therefore, we selected the three-class model
as the best solution.

Table 2. Tests of model fit to identify the optimal number of latent classes.

EntropyBICbAICaLog likelihood

1.0046684629–23061 Class

0.5646224540–22512 Class

0.7646094484–22133 Class

0.7146214453–21874 Class

0.7746644452–21775 Class

aAIC: Akaike Information Criteria.
bBIC: Bayesian Information Criteria.

Characterization of Latent Classes
The conditional probabilities of sex events within each class
are listed in Table 3. Class 1 comprised 42% (234/551) of the
sex events and was named “PrEP nonadherent flip-flopping,”
showing the highest proportion of incorrect use of PrEP (45/234,
19.2%), performing both insertive and receptive anal sex in the
same sex event (58/234, 24.8%), HIV status of partner unknown
103/234, 44.0%), and partner on PrEP (86/234, 36.8%). This
class showed the lowest proportion of having a partner at least
one age category older (21/234, 9%). Class 2 had the highest
proportion of performing receptive anal sex in sex events
(281/284, 98.9%), HIV-negative partners, but not on PrEP

(130/584, 45.8%). PrEP protected almost 90% (251/284) of sex
events in Class 2. Class 2 comprised 52% (284/551) of sex
events and was named “PrEP imperfect-adherent power
bottoming.” Class 3 had the highest proportion of correct use
of ED PrEP (29/33, 88.0%), HIV-positive partner with UVL
(31/33, 94.0%), performing insertive anal sex (33/33, 100%),
and having a partner who was at least one age category older
(24/33, 72.7%). It also had the lowest proportion of incorrect
use of PrEP (1/33, 3.0%), HIV status of partner unknown (2/33,
6.1%), and having a partner who was in the same age category
as the participant (0/33, 0%). Class 3 comprised 6% (33/551)
of sex events and was named “PrEP adherent serodiscordant
topping.”
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Table 3. Latent classes and conditional probabilities of sex events (N=551).

PrEP adherent serodiscor-
dant topping (n=33)

PrEP imperfect-adherent
power bottoming (n=284)

PrEP nonadherent flip-
flopping (n=234)

Participants' PrEPa dosing regimens during the sex event

0.1200.1650.285Correct use of daily PrEP

0.8670.7200.524Correct use of EDb PrEP

0.0130.1140.191Incorrect use of PrEP

Participants' sexual positioning

1.0000.0110.613Insertive anal sex

0.0000.9890.139Receptive anal sex

0.0000.0000.248Both insertive and receptive anal sex in the same sex event

Partner’s HIV status

0.0480.3630.441Unknown HIV status

0.0000.0940.368Negative and on PrEP

0.0000.4570.177Negative but not on PrEP

0.9520.0860.014Positive with an undetectable viral load

Partner’s agec

0.7460.2880.090Partner was at least one age category older

0.0000.4950.563The same as participant’s age category

0.2540.2170.347Partner was at least one age category younger

aPrEP: pre-exposure prophylaxis.
bED: event-driven.
cAge category difference was based on the following age categorical variables of the sexual partners reported by the participants: less than 20, 21 to
30, 31 to 40, 41 to 50, 51 to 60, and above 60 years old.

Clusters and Condomless Anal Sex
The proportion of condomless anal sex in each class was 85%
(198/234), 69% (197/284), and 100% (33/33), respectively
(Table 4). Since the sex events in “PrEP adherent serodiscordant
topping” were all condomless, we only compared the probability
of condomless anal sex between “PrEP nonadherent
flip-flopping” and “PrEP imperfect-adherent power bottoming.”

In logistic regression, “PrEP nonadherent flip-flopping” events
were 1.43 times more likely to be condomless anal sex compared
to “PrEP imperfect-adherent power bottoming” (OR 2.43, 95%
CI 1.57-3.76; P<.001). After adjusting for the random intercepts,
the odds for condomless anal sex were still significantly different
between “PrEP nonadherent flip-flopping” and “PrEP
imperfect-adherent power bottoming” (OR 1.83, 95% CI
1.03-3.25; P=.04).
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Table 4. Logistic regression for condomless anal intercourse among three classes.

P value95% CIOR% of condomless
anal sex

Model 1

<.0011.57-3.762.4385%PrEPa nonadherent flip-flopping

———69%ref: PrEP imperfect-adherent power bottomingb

———100%PrEP adherent serodiscordant toppingc

Model 2

.041.03-3.251.8385%PrEP nonadherent flip-floppingd

———69%ref: PrEP imperfect-adherent power bottomingb

———100%PrEP adherent serodiscordant toppingc

aPrEP: pre-exposure prophylaxis.
bPrEP imperfect-adherent power bottoming was the reference group; hence, empty cells were shown in the table.
cPrEP adherent serodiscordant topping was not included in logistic regression due to 100% of condomless anal intercourse; hence empty cells were
shown in the table.
dAdding random intercepts for individuals.

Discussion

Our study outlined 3 types of users and their behavioral patterns
through analyzing their logs. This is the first study to classify
event-level data and investigate the relationship between condom
use and the heterogeneous profiles of sexual activities, including
PrEP uptake among MSM. We demonstrated the use of
event-level data of PrEP intake and sex diary logs from a mobile
app to capture PrEP adherence in the real world. The sex diary
allowed users to self-monitor and researchers to track
unprotected sexual behavior and PrEP adherence. Even though
high PrEP adherence was observed in our sample, only
one-quarter (8/32) of participants had 100% PrEP adherence
during the study period. If other HIV prevention methods such
as condoms were practiced, imperfect PrEP adherence would
not always be a concern; however, if neither PrEP nor condom
use is well-adhered, such sexual activities would be exposed to
higher HIV risk.

For example, “PrEP nonadherent flip-flopping” required more
public health attention because they were neither PrEP nor
condom protected. “PrEP nonadherent flip-flopping” comprised
both bottoms and tops on a mixed PrEP-dosing regimen with
unknown HIV status partners and had significantly lower odds
of using condoms versus the “PrEP imperfect-adherent power
bottoming” group. One possible reason for not using condoms
among the “PrEP nonadherent flip-flopping” group may be that
up to one-third (86/234, 36.8%) of sexual partners in this group
were HIV-negative and on PrEP. The probability of HIV
infection from a partner who was on PrEP was relatively low,
and it may have resulted in reduced intention to use condoms
[5,6]; however, 44% (103/234) of partners were still
HIV-unknown in this group. Even though no participants
acquired HIV in the 4-month study period, this group may have
been exposed to HIV risk longitudinally. MSM require
interventions to assist in taking PrEP correctly, such as
reminders or notifications from mobile apps or individualized
consultations with their PrEP navigators about their difficulties.

We identified one class, the “PrEP imperfect-adherent power
bottoming,” mainly comprised of bottoms with HIV-negative
partners, not on PrEP. This group may have been aware of their
own risk and therefore practiced HIV prevention behavior: 90%
(251/284) of sex events were protected by PrEP, and almost
one-third (87/284, 30.6%) were protected by condoms. A
discrete choice experiment study used conditional logic analysis
to understand the preference for PrEP and condoms based on
the hypothesized risk of HIV among gay, bisexual, and other
MSM and showed that condoms were used as additional
protection besides PrEP when there is a perceived increase in
HIV risk [35], which was similar to the behavior of condom
use in the “PrEP imperfect-adherent power bottoming.” Whether
MSM in this class used condoms depended on their perception
of the HIV risk in each sex event. This was also the largest class
in our sample, which showed a potential for a combination
prevention intervention that adapts to the fluctuating risk for
each individual.

The “PrEP adherent serodiscordant topping” class, mainly
comprised of tops and partners who were HIV positive with
UVL, chose to protect themselves with PrEP instead of
condoms—all sex events in this class were condomless. Reasons
for MSM to have sex without condoms if they were already on
PrEP include reduced fear of HIV, lessened anxiety of having
sex due to PrEP use, and maintaining sexual pleasure [6,7].
Furthermore, MSM might decide not to use condoms when
having sex with a regular sexual partner due to the mutual trust
that friends would not put them at risk [6]. Some MSM indicated
that they did not want to use condoms, and therefore they
showed strong adherence to PrEP [6]. In this class, we found
that PrEP had been successfully implemented, and the concept
of “undetectable equals untransmissible” had been
well-accepted. Public health researchers still need to stress the
importance of using condoms to prevent other sexually
transmitted infections. However, with the broadened options
for HIV prevention, condoms might not be the first choice for
many people in the real world. Therefore, health educational
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campaigns may need to reprioritize prevention information to
achieve optimal effectiveness.

Sex diary data used in this study uniquely included measurement
for ED PrEP adherence, such as hours of sex events, instead of
only dates. Compared to the apps designed for a daily dosing
regimen, the UPrEPU app provided reminders for ED PrEP
users to take PrEP based on when sex happened and users’
previous dosing regimens. Adherence to ED PrEP can be
calculated only when the hours of the sex event can be logged
on an app such as UPrEPU. Such a feature is particularly
important since ED PrEP use is more prevalent during the
COVID-19 pandemic [36].

The strength of our study was its use of sex diaries to capture
the fluctuating HIV risk of sexual behaviors and to classify the
diverse patterns of sex events. Most studies have identified the
different HIV risks based on the individual level [12-15]. They
categorized MSM into different subtypes, but MSM perform
various types of sexual behaviors in the real world, which
suggests that analyzing event-level data is closer to reality.
Identifying the risky class from the diverse patterns of sex events
helps researchers build up a specific intervention more
intentionally. We offer a more comprehensive recommendation
for MSM by looking at different sex roles and PrEP adherence.
Based on our findings, future mobile apps can consider giving
notifications according to each user’s previous patterns of sex
events.

Limitations
This study has the following limitations. First, participants could
see whether they took PrEP correctly in each sex event from
the UPrEPU app. This may have interfered with their own
judgment for whether they were protected by PrEP and affected

their decision to use condoms. Without the app's assistance,
PrEP users might not perceive the PrEP adherence correctly,
and the decision-making of condom use would be relying solely
on their self-perception, which could either be over-estimating
or underestimating PrEP adherence.

Second, some contexts of sexual activities were not yet collected
in our study. More details of sexual activities may change the
categorization in LCA. Information such as whether the partner
is a steady sex partner, uses chemsex/sexualized drugs, and
belongs to particular sexual networks may be confounders for
the association between PrEP adherence and condom use. Lastly,
the representative of the study population may be limited due
to the recruitment and inclusion criteria. We included
participants from only two medical centers and those who had
a relatively high frequency of sex events, which restricted the
generalizability to MSM who did not use PrEP to protect
themselves or whose frequency of sex events was low.

Conclusions
Our study advances the understanding of the association between
HIV risk and the different types of sexual activities. We
demonstrated the potential to use mobile app-based sex and
PrEP diary for the future development of effective intervention
programs by identifying high-risk groups. This study identified
that one class, “PrEP nonadherent flip-flopping,” demanded
more support for implementing an HIV prevention strategy.
“PrEP imperfect-adherent power bottoming” demonstrated that
condoms were used as extra protection other than PrEP, and
“PrEP adherent serodiscordant topping” showed almost perfect
PrEP adherence but risked other sexually transmitted infections.
Future HIV interventions should consider combining various
strategies to improve the effectiveness of HIV prevention
programs.
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Abstract

Background: The transition to parenthood can be challenging, and parents are vulnerable to psychological disorders during the
perinatal period. This may have adverse long-term consequences on a child’s development. Given the rise in technology and
parents’ preferences for mobile health apps, a supportive mobile health intervention is optimal. However, there is a lack of a
theoretical framework and technology-based perinatal educational intervention for couples with healthy infants.

Objective: The aim of this study is to describe the Supportive Parenting App (SPA) development procedure and highlight the
challenges and lessons learned.

Methods: The SPA development procedure was guided by the information systems research framework, which emphasizes a
nonlinear, iterative, and user-centered process involving 3 research cycles—the relevance cycle, design cycle, and rigor cycle.
Treatment fidelity was ensured, and team cohesiveness was maintained using strategies from the Tuckman model of team
development.

Results: In the relevance cycle, end-user requirements were identified through focus groups and interviews. In the rigor cycle,
the user engagement pyramid and well-established theories (social cognitive theory proposed by Bandura and attachment theory
proposed by Bowlby) were used to inform and justify the features of the artifact. In the design cycle, the admin portal was
developed using Microsoft Visual Studio 2017, whereas the SPA, which ran on both iOS and Android, was developed using
hybrid development tools. The SPA featured knowledge-based content, informational videos and audio clips, a discussion forum,
chat groups, and a frequently asked questions and expert advice section. The intervention underwent iterative testing by a small
group of new parents and research team members. Qualitative feedback was obtained for further app enhancements before official
implementation. Testing revealed user and technological issues, such as web browser and app incompatibility, a lack of notifications
for both administrators and users, and limited search engine capability.
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Conclusions: The information systems research framework documented the technical details of the SPA but did not take into
consideration the interpersonal and real-life challenges. Ineffective communication between the health care research team and
the app developers, limited resources, and the COVID-19 pandemic were the main challenges faced during content development.
Quick adaptability, team cohesion, and hindsight budgeting are crucial for intervention development. Although the effectiveness
of the SPA in improving parental and infant outcomes is currently unknown, this detailed intervention development study highlights
the key aspects that need to be considered for future app development.

(J Med Internet Res 2021;23(12):e27033)   doi:10.2196/27033
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depression; development; education; parent; perinatal; support; telehealth; mobile phone

Introduction

Background
In recent years, depression has displaced many chronic diseases
to be the leading cause of disability worldwide and the main
contributor to the overall global burden of diseases [1]. Although
depression can occur at any point in life, women and men are
at increased risk of depression in the postpartum period [2,3].
The transition to parenthood, coupled with emotional,
physiological, hormonal, and psychosocial changes experienced
during childbirth, could have increased women’s susceptibility
to postpartum depression [4-6]. The psychological state of
women could influence their partners’psychological well-being
because maternal postpartum depression is a known predictor
of paternal postpartum depression, affecting 24%-50% of all
fathers [7]. Fathers also have the highest risk of developing
paternal postpartum depression 3 to 6 months after childbirth
[8,9]. Moreover, research has shown the ripple effects of
postpartum depression adversely affecting an infant’s subsequent
cognitive, physical, social-emotional, and behavioral
development over the years [10,11]. Children of mothers who
were depressed were found to score lower in intellectual and
motor development, and they tend to display insecure
attachment, behavioral problems, poor emotional regulation
and academic performances, and are at an increased risk of
developing psychiatric disorders [12-14]. In addition, a child’s
internalizing and externalizing behavior problems are
significantly related to paternal postpartum depression [15].

Given the potential widespread consequences of postpartum
depression on the family unit, there is a strong impetus for
couple-based interventions to curb postpartum depression.
However, to date, the cause of postpartum depression among
parents remains inconclusive, thus inhibiting the development
of direct intervention. Instead, research has suggested a
multifactorial etiology, as there has been evidence that various
psychosocial variables, such as life stress, marital conflict,
childcare stress, parenting self-efficacy, poor childcare
knowledge, the lack of social support, and antenatal anxiety,
are key predictors of postpartum depression [5,6]. Hence, a
perinatal intervention targeting these predictors may help to
alleviate feelings of stress and depression among parents.
Reviews on previous interventions implemented during the
perinatal period have indicated the need for more multimodal
family-oriented educational programs that focus on parental
physical, emotional, and social well-being [16-18]. Furthermore,
theory-based educational interventions are scarce, and current

interventions are often compartmentalized as antenatal or
postpartum [16-19] and focus on specific groups of parents such
as those with infants in the neonatal intensive care unit or with
behavioral problems [16-18,20,21]. Therefore, there is an urgent
need for a comprehensive perinatal educational intervention for
parents with healthy infants to enhance parental psychological
well-being and infant developmental outcomes.

Value of Technology
Technology-enhanced health care and telemedicine have been
gaining popularity because of their better accessibility,
flexibility, cost-effectiveness, and ability to provide patient
privacy and reduce stigmatization [22,23]. The rapid
proliferation in technology-based health care is enabled by the
increased use and advancements of mobile apps, wearable
devices, live audiovisual communication, and
telecommunication. The value of telehealth care and
technology-based interventions has been further amplified
during the ongoing COVID-19 pandemic as most households
worldwide have faced lockdown restrictions, quarantine
measures, and social isolation, which limit couples’ access to
help and support [24]. Moreover, such technology-based
interventions are especially crucial in a conservative society
such as Singapore’s, where traditional views and postpartum
practices (eg, home confinement) as well as the stigmatization
of mental health disorders restrict parents from seeking help in
the postpartum period [25,26].

Previous studies examining the needs of fathers and mothers
during the perinatal period have also highlighted parents’
preferences for technology-based educational programs,
especially mobile health (mHealth) apps [26,27]. mHealth apps
have a relatively new edge in health care innovation that allows
the delivery of health care and dissemination of educational
information [27]. In 2010, more than 200 million mHealth apps
were downloaded, and approximately 70% of the population
worldwide has access to at least one mHealth app [28]. mHealth
pregnancy-related apps are particularly popular among young
parents, suggesting a shift in patient empowerment in terms of
maternity care [29,30]. However, parents have expressed
difficulty in finding pregnancy apps that provide localized and
individualized advice and feedback from health care
professionals [27,30]. Current literature has also revealed that
most of the available mHealth apps are not validated or
developed by health care professionals [31], thus calling into
question the trustworthiness and credibility of the information
provided.
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Given the benefits of mHealth apps and the paucity and
limitations of current pregnancy-related mHealth apps, this
study aims to develop the Supportive Parenting App (SPA), a
theory-based perinatal educational mobile app for parents, and
to subsequently examine its effectiveness in preventing
postpartum depression and enhancing parenting self-efficacy,
perceived social support, parent-child bonding, and physical
and social-emotional development of an infant. According to
the Singapore Infocomm Media Development Authority [32],
98% of households in Singapore in 2019 had internet access
and 89% of individuals were internet users. In addition, the
smartphone penetration rate of 82% in Singapore is one of the
highest in the Asia Pacific region [33]. Therefore, technology
is available in most households to support the implementation
of the SPA during the perinatal period.

Detailed intervention development studies are limited because
of research funding priorities that focused on efficacy or
effectiveness studies [34]. However, a comprehensive,
systematic, and transparent reporting of intervention
development is necessary to help readers understand the
challenges and benefits of different intervention development
approaches and allow retrospective assessments to be performed
to understand how different development approaches may affect
the effectiveness of interventions. Therefore, this study aims to
provide an insight into the SPA development process and
highlight the challenges and lessons faced during the SPA
development to improve future mHealth studies.

Project Overview
The SPA project was a multisite study that was conducted in
tertiary public hospitals in Singapore. The intervention was
delivered to both parents (fathers and mothers), and they were
granted access to the SPA during the perinatal period (from the
viability age of 24 weeks of gestation to 6 months after
childbirth) when the chances of developing antenatal or
postpartum depression were very high. The parents were able
to access the mobile app anytime and anywhere. The SPA
featured educational materials, a discussion forum, chat groups
with peer volunteers, and advice from health care professionals.
The inclusion criteria were as follows: (1) parents with a female
partner who scored ≥9 on the Edinburgh Postnatal Depression
Scale, (2) those aged ≥21 years, (3) those who were able to read
and speak English, (4) those who had a low-risk pregnancy with

more than 24 weeks of gestation (age of viability), and (5) those
who had a smartphone with internet access. The exclusion
criteria were as follows: parents who (1) had physical or mental
disorders that would interfere with their ability to participate in
the study; (2) had a high-risk pregnancy, including placenta
previa major, preeclampsia, and pregnancy-induced
hypertension; or (3) gave birth to a stillborn baby or a newborn
with congenital anomalies or medical complications, including
pathological jaundice that required special care in hospital.
Mothers aged ≥21 years who had previously recovered from
postpartum depression were recruited and trained by a
psychiatrist to become peer volunteers to befriend and provide
adequate web-based support to the parents.

The aims of this research project are to (1) develop a
theory-based SPA intervention for parents across the perinatal
period; (2) examine the intervention’s effectiveness in reducing
parental postpartum depression and anxiety and encouraging
parenting self-efficacy, help-seeking behavior, parent-infant
bonding, parenting satisfaction, and infant developmental
outcomes during the perinatal period up to 1 year after
childbirth; (3) evaluate the SPA’s cost-effectiveness compared
with standard perinatal care across major restructured hospitals;
and (4) examine SPA user experiences. However, this paper
only focuses on the SPA intervention development process, the
challenges faced by the research team, and the lessons learned.

Methods

Information Systems Research Framework
The information systems research (ISR) framework, which
promotes an iterative, user-centered, nonlinear design process
was used to guide the development of the SPA [35]. The ISR
framework is commonly used in the creation of technological
artifacts and comprises 3 research cycles (relevance cycle,
design cycle, and rigor cycle) that link 3 research domains
(knowledge base, design science research, and environment).
The relevance cycle involves understanding the end users’needs
and requirements through feedback and focus groups. The design
cycle is where the artifact is developed and evaluated, and the
rigor cycle is where theories, past methods, and representations
of the artifacts contribute to the current design and development
of the new artifact [35]. This study’s adaptation of the ISR
framework [35] is presented in Figure 1.
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Figure 1. Adaptation of the information systems research framework.

Treatment Fidelity
To establish treatment fidelity, the strategies proposed by Bellg
et al [36] and Eaton et al [37] for intervention design, training
of providers, intervention delivery, and receipt of intervention
were adopted. During the intervention design phase, intervention
fidelity was ensured by using a theoretical framework (social
cognitive theory) as the foundation of the intervention and by
preparing a protocol for the intervention. In anticipation of
provider and peer volunteer dropout, backup providers and
volunteers with the requisite skills were on constant standby.
To ensure consistency, delivery of intervention materials (eg,
knowledge-based content and expert advice) was standardized
by providing briefings and issuing providers and peer volunteers
a handbook on the intervention procedures. In terms of receipt
of intervention, participants’ frequency of access to the app and
the use of audio and video materials and peer discussion forum
were monitored and recorded through a back-end admin portal.
Weekly reminders were sent to parents to reinforce the use of
the intervention by accessing the SPA.

Team Development
As the SPA development process involved stakeholders across
various departments, immense collaborative effort and a
high-performing team were crucial to ensure consistent progress
and adherence to the project timeline. The Tuckman model of
team development [38] highlighted different phases of team
development—forming (initial meeting and beginning of
collective work), storming (dealing with confusion and conflict
over decision-making and roles), norming (accepting goals,
roles, and work positively), performing (focusing on achieving
goals and obtaining personal growth), and adjourning
(recognizing and celebrating achievements). Although all phases
are necessary for successful team building, problem solving,
work planning, and delivering of results, the team leader plays
a critical role in regulating the team dynamics and ensuring
effective workflow by applying appropriate conflict resolution
strategies as recommended by Tuckman [38].

Results

Relevance Cycle
The end-user environment and requirements were obtained
through a focus group session with new parents. In all, 3 pairs
of parents representing each major ethnic group in Singapore
(Chinese, Malay, and Indian) were interviewed on their
informational and perinatal educational needs and their
expectations of the SPA. These parents were not included in
the subsequent main study. In addition, because the objectives
and components of the SPA were similar to those of the research
team’s previous research projects—Home-but-not-Alone (an
mHealth app-based postnatal educational program) and the
Peer-Support Intervention Program—user requirements were
obtained from the projects’ focus groups and interviews [39,40].
Previous local research among Singaporean mothers who only
received standard routine hospital care indicated a need for more
support after childbirth, such as having peer volunteers to talk
to, more follow-up appointments with clinicians, and having
an educational parenting mobile app catered to parents in
Singapore [40]. Mothers who received the intervention requested
the inclusion of individualized push notifications to mark
important baby developmental milestones and special parenting
tips. A study that investigated the use of a technology-based
supportive intervention among multiracial Singaporean mothers
during the postpartum period suggested the extension of the
parenting support programs beyond 1 month after childbirth,
introducing the parenting app early in pregnancy, and including
a greater variety of educational topics [39].

Rigor Cycle
To meet the goals of the rigor cycle, well-established theoretical
frameworks were incorporated into the development process of
the SPA. The research team referred to the mHealth user
engagement pyramid proposed by Singh et al [41] to identify
features that could be incorporated into the SPA. Providing
educational information is the most fundamental way to engage
a patient, and the level of engagement increases with add-on
features such as reminders and notifications, records of health
information, display and summary of health information,
availability of individualized guidance, means of communication
between clinicians and family members or caregivers, provision
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of support through social networks, and incentivization of
behavioral changes [41].

Other theoretical frameworks that guided the development of
the SPA’s features were the social cognitive theory proposed
by Bandura [42,43] and the attachment theory proposed by
Bowlby [44]. The social cognitive theory posits that an
individual’s knowledge acquisition depends on the interaction
among the environment, cognitive behavior, and personal factors
[43]. An important component of the social cognitive theory is
self-efficacy, which is defined as one’s belief in one’s capability
to accomplish a task effectively [42]. Therefore, to ensure
successful parenting, Bandura [42,45] emphasized that parents
need to possess the self-confidence to perform specific skills
and believe that they can achieve their desired outcome. As
evidence has shown low levels of parenting self-efficacy as a
predictor of postpartum depression [46], the concepts of the
self-efficacy theory proposed by Bandura [42,45] were
incorporated into the development of the SPA. Mastery of
experiences, vicarious experiences, verbal persuasion, and
improving physical and emotional states are ways in which
self-efficacy can be attained [42]. In addition, Bandura [43]
emphasized the importance of social support in achieving
self-regulation to aid learning. There are different types of social
support (emotional, instrumental, informational, and appraisal)

[43]. As the SPA is a mobile app intervention, providing
instrumental support was not possible; hence, it focused
primarily on emotional and informational support. Appraisal
support, which involves the provision of feedback regarding
one’s performance or qualities, was also not feasible in the
context of the SPA. However, specific feedback requested by
parents was provided for their individual needs.

According to the attachment theory proposed by Bowlby [44],
parenting self-efficacy, social support, and parental emotional
well-being are crucial for early parent-infant bonding and infant
attachment styles, and these serve as a foundation for the
development of positive social relationships in infants. Bowlby
[44] postulated that a healthy parent-infant bond may lead to
secure attachment, whereas insecurely attached infants may
take their insecure patterns (avoidant, anxious ambivalent, or
disorganized) with them into adulthood. Congruent to the
attachment theory proposed by Bowlby [44], Bandura [45]
postulated that self-efficacy will consequently influence
parent-infant bonding, which is an important determinant of
parental emotional well-being and infant development.
Therefore, it is necessary to examine the relationship among
parenting self-efficacy, parental outcomes, and infant outcomes.
The theoretical framework for this project is presented in Figure
2 [42,43].
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Figure 2. Theoretical framework of the Supportive Parenting App [42,43].

Design Cycle: Development Phase

Overview
The research team involved in the development of the SPA
comprised maternity health care providers such as obstetricians,
midwives, and nurses from the tertiary public hospitals; a
psychologist; a pediatrician; and app developers. The
intervention consisted of 2 main components: (1) a cloud-based
admin portal, which was fully accessible by system admins

(midwives and physicians only had access to the frequently
asked questions [FAQ] management page) and (2) the SPA,
which was accessible by system admins, mothers, fathers, peer
volunteers, midwives, and physicians.

The cloud-based admin portal was used to moderate the content
in the FAQ section and chat groups, manage user accounts and
surveys, and display simple user analytics. The admin portal
was developed using Microsoft Visual Studio 2017. The main
programming languages used for the back end were ASP.NET
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and C#, running on .NET Framework (version 4.5 and above;
Microsoft Corporation). The front-end languages used were
HTML5, JavaScript, CSS, and jQuery. AJAX techniques were
used across the system to facilitate asynchronous data transfer
between client and server. The database for the system was
Microsoft SQL Server 2016 or later. The system was hosted on
Windows Server 2016 or above and Internet Information
Services (version 10.0 or above).

The SPA ran on both iOS and Android built using hybrid
development tools (Apache Cordova and Ionic Frameworks).
All accounts were password protected, and users had to
authenticate with their log-in credentials created by the system
admin to use the app. Participants were assigned anonymous
identifiers, and they remained anonymous throughout.

After the health care research team conveyed the expectations,
aims, and thorough overview of the SPA project to the app

developers, a logo for the SPA was generated. A pastel-colored
theme was chosen to create a soothing and gentle vibe, and the
logo displayed an infant lying in the nurturing palm of a parent.
The app’s aim to highlight the protective and nurturing nature
of parents was also demonstrated by the green sprout emerging
from the parent’s hand that sheltered the infant. The design was
finalized after multiple intense discussions between the app
developers and the research team; the logo is shown in Figure
3.

The main features of the SPA included knowledge-based
content, informational videos and audio clips, a discussion
forum, group and private chats with peer volunteers, expert
advice from a maternity unit nurse or midwife, and
individualized push notifications. Details of the development
of each component are described in the following sections.

Figure 3. Logo of the Supportive Parenting App.

Knowledge-Based Content
According to Bandura [42,43], the provision of informational
support is useful for problem solving and knowledge acquisition.
To provide comprehensive information to allay parents’
concerns in the perinatal period, knowledge-based content was
first brainstormed and then finalized after multiple rounds of
intense discussions among a team of health care experts from
the psychology, pediatrics, and maternity health care units, as
well as a few parent couples. The discussions were held through
face-to-face and web-based meetings.

The finalized topics were categorized into 6 groups (general,
pregnancy, childbirth, baby care, maternal care, family, and
parenthood) to enable users to obtain relevant information.
Keyword search was enabled, and the content was sorted by
most viewed or most rated. Parents were also allowed to rate
the usefulness of the content on a scale of 1 to 5.

Knowledge-based content included topics on the prevalence of
postpartum depression among mothers and fathers, signs and
symptoms of postpartum depression, when to seek help, diet
and exercise during pregnancy and after childbirth, preparation
for childbirth, types of pain relief during childbirth, newborn
and postpartum maternal care, major milestones for the newborn,
managing family dynamics, and role of fathers and other
caregivers (eg, grandparents) during the perinatal period. There
were a total of 42 knowledge-based articles; each
knowledge-based article was approximately 500 words long,
and the content was written in bullet points to facilitate reading.
The hand symbol was used consistently to signpost additional
parenting tips or highlight instances when parents need to seek
emergency help. The English language used was simplified to
that of the reading ability of students in primary 6, and this was
verified by the publications support unit at the National
University of Singapore. An example of a knowledge-based
article is shown in Figure 4.
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Figure 4. Sample of a knowledge-based article.

Informational Videos and Audio Clips
Parenting self-efficacy can be enhanced through vicarious
learning or modeling by watching others or personally acquiring
a certain behavior successfully [42]. Hence, 27 inspirational
and demonstration videos were included in the knowledge-based
content section. Video content and scripts were developed by
health care experts from different fields. For instance, baby care
video scripts were developed by health care professionals from
the maternity unit and video scripts on insights into postpartum
depression were prepared by psychology experts. The videos

consisted of animations, interviews, and skills demonstrations
of topics such as personal accounts of mothers who developed
and recovered from postpartum depression, diet and exercise
during pregnancy, preparation for childbirth, and demonstration
of infant care skills and interviews related to a father’s role
during the perinatal period. Audio versions were also provided
to cater to parents who preferred to listen to audio clips or were
prohibited from reading or watching videos because of
confinement practices. A screenshot of the knowledge-based
content page, including videos and audio clips, is shown in
Figure 5.
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Figure 5. (A) Knowledge-based content page with (B) video and audio materials.

Discussion Forum
Apart from video modeling, a discussion forum was developed
to allow parents who faced similar problems to share their tips
and experiences. Parents were able to post personal queries and

respond to other parents’ queries. A midwife or maternity unit
nurse was able to moderate the comments to ensure the
reliability and accuracy of the information shared. A sample of
the discussion forum is shown in Figure 6.
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Figure 6. Discussion forum in the Supportive Parenting App.

FAQ and Expert Advice
Further informational support by health care professionals was
provided through an FAQ section. If the existing information
was insufficient to answer the parents’ queries, parents were
able to post their questions and upload supporting photos. A
screenshot of the FAQ and expert advice section is shown in

Figure 7. This feature allowed individualized professional help
without parents having to make unnecessary visits to the
physician. Expert advice from the maternity unit nurse or
midwife was available from pregnancy until 1 month after
childbirth. Because of the busy work schedules of the maternity
unit nurse and midwife, replies were posted once a day.
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Figure 7. Frequently asked questions and experts’ advice page.

Chat Groups With Peer Volunteers
Mothers were matched for variables not limited to ethnicity and
number of children and then assigned to peer volunteers. They
were able to seek informational and emotional support from
peer volunteers and other mothers or have a private chat with
their assigned peer volunteer in the chat groups. Peer volunteers
were experienced mothers who had developed and recovered
from postpartum depression previously. These peer volunteers
were specially trained by a psychiatrist on how to provide
adequate support and be a listening ear to needy mothers, as
well as on how to navigate the SPA. To ensure fidelity, an
electronic training manual was provided to all peer volunteers
before the start of a 3-hour web-based training session, and
skills acquisition was assessed by the psychologist through
web-based role-playing. After the training, each peer volunteer
was assigned to approximately five couples (fathers and
mothers) who were added to a group chat. Peer volunteers were
encouraged to check up on the participants regularly through
the group chat and to encourage mothers to interact and share
their experiences. Parents who were uncomfortable with
expressing themselves in a group setting had the choice to send
private messages to their peer volunteer. Overall, the role of the
peer volunteer was to provide emotional support to needy
mothers, help foster peer support, and develop a close-knit
community among parents in the chat group.

Push Notifications
Finally, push notifications were sent on a weekly basis during
pregnancy, daily during the first month of the postpartum period,
and biweekly thereafter until 6 months after childbirth. These
notifications provided individualized information to parents,
according to the specific week of their pregnancy and the age
of their newborn after childbirth. The push notifications during
pregnancy helped to track the pregnancy stages and provided
information specific to the mother’s pregnancy stage, such as
common physical experiences (eg, Braxton Hicks contraction),
ways to manage physical symptoms, relevant informational
material that parents could refer to in the SPA, and words of
encouragement. Push notifications that were sent after childbirth
kept both parents updated on the infant’s developmental
milestones, informed parents on common physical occurrences
and changes in the mother (eg, vaginal bleeding) and the infant
(eg, weight loss), presented ways to care for both mother and
infant, provided supportive tips for fathers, guided parents to
relevant information in the SPA, and included words of
encouragement. Parents were also advised to look out for
required information from the knowledge-based content and
informational videos and audio clips according to their
individualized needs and not to switch off the notifications
because this could interfere with the intervention. Examples of
push notifications delivered during pregnancy and after
childbirth are presented in Figure 8.
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Figure 8. Examples of push notifications delivered (A) during pregnancy and (B) after childbirth.

Design Cycle: Evaluation

Pilot Test
To assess the SPA’s features, functionality, usability, and
content accuracy, a pilot test for the mobile app and
administrator webpage was conducted among users (N=10) who
were new parents and research team members (ie, app
developers, clinicians, and research assistants). Feedback was
gathered qualitatively and discussed among team members at
a web-based meeting to further refine the app and optimize the
user experience. This process was repeated multiple times and
ceased when all the research team members arrived at a mutual
agreement and were satisfied with the finalized version of the
app. The mobile app was then made available to participants in
the iOS and Android app stores.

System Compatibility
During the initial piloting, there were issues regarding the viewer
compatibility of the cloud-based admin portal on different web
browsers. The admin portal was not accessible on Internet
Explorer and could only be viewed using Google Chrome,
Mozilla Firefox, or Microsoft Edge. This was subsequently
made known to all system admin users. Similarly, the SPA was
initially incompatible with the older Android OS versions, but
updates were made by the developer to support the older OS
versions.

Restricted Admin Functions and Data Analytics
In addition, the admin portal did not allow for a full overview
of and access to the SPA’s contents, especially in terms of group
chat details. System admin users could only view peer volunteer
group chat conversations using the mobile app. In addition, the
initial data analytics function on the admin portal only displayed
aggregated data on user frequency. However, individual user
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frequency data were deemed more informative for future
research purposes. As subsequent requests for collating
individual user data by the research team resulted in extra
development charges and time, no enhancement was made to
the data analytics.

App Notifications
The first testing of the SPA revealed that mothers did not receive
group chat notifications. This was quickly fixed by the app
developers so that mothers could receive a pop-up notification
whenever somebody posted in the group chat. However, the
problem persisted in the second round of user testing. Group
chat notifications were not received when the app was not
constantly updated, and parents did not receive any prompt to
update the app. This situation was later rectified by sending
reminders to update the app. Similarly, team members in charge
of the expert advice section made a request for pop-up
notifications to enable them to respond to parents’ queries
promptly. However, this was not implemented because of the
project’s tight budget. After the first user testing, educational
contents (PDF files and videos) were not linked to the push
notifications as expected. This issue was then rectified by the
app developers for parents’ convenience.

Search Function
The research team also highlighted issues with the search
function of the knowledge-based content. Initially, the search
engine was only able to detect specific keywords in the title but
not in the text. The function for in-text search required the
additional purchase of plug-ins and further development of
codes that involved time and cost that the team did not take into
account initially.

Discussion

Principal Findings
The development process of the SPA, which included
requirement identification, the use of theories and past artifacts,
the design of artifacts, and user testing, was well documented
using the ISR framework. Although the ISR framework was
able to capture the design technicalities and rigor of the project,
it failed to highlight interpersonal and real-life challenges. Apart
from technical and user issues, the design cycle faced prominent
issues such as logistical limitations and also in terms of
teamwork and communication because of the effects of the
COVID-19 outbreak, which affected the process timeline.

Challenges in the Design Cycle: Logistics Limitations
With respect to the FAQ and expert advice section, the research
team ideally wanted to provide a readily available hotline or
personalized help for parents in need. However, because of
limited resources and other work commitments, it was not
feasible for the research team to be on constant standby to
respond to parents’ queries immediately. Hence, a decision was
made to have a maternity unit nurse or midwife to check and
respond to queries posted in the FAQ section once a day and
respond within 24 hours of the queries raised by the parents.
Parents with urgent queries were recommended to call the
hospital or visit the physician immediately. Despite the team’s

best efforts to provide parents with a personalized, fast, trusted,
and reliable information source, the strain on logistics and
manpower led the research team to consider the future
incorporation of live chatbots in the mobile app. The use of
chatbots or conversational agents in the health care setting has
been on the rise, especially with smartphone apps, in the areas
of patient treatment and monitoring, health care service support,
and patient education [47]. Given the novelty of the use of
chatbots, there is a paucity of randomized controlled trials
evaluating their efficacy in providing knowledge-based
information to parents in the perinatal period. However,
promising user test results from a few development and usability
studies [48-50] indicate the viability of chatbots, thus paving
the way for future research.

Second, the recruitment and training of peer volunteers posed
a challenge because peer volunteers were also mothers who had
work and family commitments; hence, it was difficult to recruit
dedicated peer volunteers to take on this yearlong project. In
addition, the conflicting schedules of peer volunteers resulted
in a few postponements of face-to-face training sessions until
the COVID-19 outbreak led to their conversion to web-based
sessions instead. Team members in charge of conducting the
sessions had to rapidly adapt to the situation and convert the
face-to-face training to a web-based session. Research has shown
that the efficacy of web-based interpersonal skills (ie,
communication, counseling, and interview) training on skills
acquisition is on par with face-to-face training [51-53].
Furthermore, participants have also commended web-based
courses for their better accessibility and the ease of remote
learning [54,55]; thus, a web-based session may better cater to
volunteers who are working mothers. However, Doo [56] has
argued that cognitive understanding of interpersonal skills does
not translate into successful skills execution and interpersonal
skills can only be acquired through real-life practice, which is
difficult in web-based learning environments. Although
web-based training may not be as beneficial as in-person training
in terms of building rapport among peer volunteers and
conducting role-plays, this was the optimal resolution in times
of a COVID-19 outbreak. We are waiting to interview the peer
volunteers at the completion of this project about their
perceptions of receiving the web-based training. The interviews
may provide true evaluation and recommendations on enhancing
such web-based training in the future.

Challenges in the Design Cycle: Teamwork and
Communication
As this was intended to be a multisite study, extensive
collaboration among health care professionals from various
institutions was required. However, a key challenge faced during
the Tuckman model’s forming phase of team development [38]
was the assembling and scheduling of face-to-face meetings
with different experts from various health care institutions,
given their hectic schedules. As face-to-face meetings were
crucial at the initial stage for the research team to get acquainted
and share their expertise and viewpoints, meeting dates were
scheduled when there was a likelihood of the highest possible
attendance. Team members who were unable to attend received
the meeting materials and minutes, and any further feedback
was communicated through email. After the delegation of the
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main roles and responsibilities, subsequent follow-up meetings,
updates, and discussions were conducted through web-based
meetings with respective parties. At the storming phase, given
each team member’s field of expertise and the dearth of essential
information, it was difficult for the team to agree on the finalized
topics and knowledge-based content to be included in the app.
However, the team managed to ascend to the norming phase
through resolution by constructive negotiation and eventual
mutual agreement to include less essential information in the
FAQ section than in the knowledge-based content section.
During the performing phase, the team managed to work
together effectively and cohesively and successfully rolled out
the SPA for user acceptability testing. Overall, the Tuckman
model of team development highlighted key characteristics and
conflict resolution strategies that enabled optimal team
development, which future mobile app developmental studies
can use.

Another prominent issue concerned the communication between
the app developers and the health care research team. Although
the research team comprised experts in content development,
they were unfamiliar with technical programming terms and
were unable to communicate effectively with the app developers
on their app preferences such as cloud hosting, data analytics
function, and security mechanisms of the app. This
communication difficulty resulted in different expectations for
the app and led to last-minute enhancements that incurred
additional costs that were not initially considered. Therefore,
both parties should be careful with the use of technical jargon
to avoid confusion and to constantly clarify any uncertainty or
details. Alternatively, visual diagrams (eg, mind maps, drawings,
and sample screenshots) could be useful in visualizing and
conveying expectations of specific mobile app features.

Implications for Future Studies
Much can be learned from the intervention development process
of the SPA based on the aforementioned challenges. A major
setback was the sudden COVID-19 outbreak, which interrupted
the development of the intervention and delayed the project.
The flexibility and quick adaptability of the team in finding
solutions was crucial in ensuring the continuity of the project.
Although face-to-face meetings were impossible, the team was
able to conduct meetings through web-based video calls and
follow-up emails. Face-to-face training for peer volunteers was
also revised and conducted on the web. Team cohesiveness and
adaptability were crucial in effectively managing unforeseen
circumstances.

Team cohesion is dependent on open and clear communication
among team members to ensure that everyone’s expectations
are aligned, uncertainties are clarified, and there is transparency
for group decision-making. This is especially crucial between
the research team and the app developers because their areas of
expertise differ and miscommunication in expectations could
lead to unfavorable outcomes. However, the interdisciplinary,
team-based approach ensured the success of the app
development in this study. In addition, a structured and effective
workflow was implemented through strict planning of timelines,
delegation of responsibilities to team members, close updates
and timely feedback among team members, and the charting of
project milestones using the Gantt chart. The physical
visualization of the project timeline kept everyone in check and
allowed better handling of delays.

Another critical lesson learned was to ensure sufficient financial
and time budgeting for last-minute enhancements of the
intervention. Because of project delays during the COVID-19
pandemic, the team could not spend more time and money for
potential feature enhancements that may influence the detailed
data analytics. As the basic infrastructure for the parenting app
has already been established and the team members have
acquired sufficient experience, incorporating future
improvements such as adding additional features to the platform
would require much less time than that needed for the initial
project. Future studies developed as part of this SPA project
could assess actual app use, cost-effectiveness, impacts on
longitudinal parental and infant outcomes, and qualitative user
experience. The use of chatbots to answer parental queries on
a timely basis could also be incorporated and evaluated in future
research on supportive apps for parents.

Conclusions
This study presents a multistage iterative development process
of an mHealth SPA using the ISR framework. Rooted in social
cognitive theory and attachment theory, the SPA offers parents
a holistic means of obtaining informational and emotional
support from knowledge-based content, parents with similar
backgrounds, trained peer volunteers, and health care
professionals. However, the development process had its
challenges because the design cycle involved other logistical
and team communication issues that were not taken into
consideration in the ISR framework. These issues can potentially
be resolved with adequate time and financial budgeting and by
developing team cohesion.
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Abstract

Background: Today, academic social network sites' role in improving the quality of education and how investigators conduct
their research has become more critical.

Objective: This study aimed to investigate Iranian health researchers' requirements for academic social network sites from a
low-income country perspective.

Methods: This qualitative study with a phenomenological approach was done in 2020. In this study, 23 researchers in the health
system were selected by purposive sampling. Semistructured interviews were used to collect data. Data were analyzed by
MaxQDA-10 software and the content analysis method.

Results: We identified 2 categories of functional and technical characteristics in the study participants' expectations. Functional
characteristics included facilitating communication and team activities, managing scientific publications, enhancing the process
of conducting research, being informative, and sharing and trading laboratory materials and equipment. Technical characteristics
of an academic social network include user management capabilities, high security and privacy, being user-friendly, and other
technical features.

Conclusions: Health researchers emphasized 2 functional and technical characteristics required to meet academic social network
sites' expectations.

(J Med Internet Res 2021;23(12):e24643)   doi:10.2196/24643

KEYWORDS

research; social network; academic social network; research network; academic; researcher; literature; qualitative; content analysis

Introduction

Nonacademic social networking sites such as Facebook are
prevalent, and researchers can use them. However, studies show
challenges and restrictions for academic users on these sites
[1-4]. Today, academic social network sites (ASNSs) have

become an integral part of researcher work [5,6]. An ASNS is
a type of internet service that facilitates communication between
researchers [7], shares scientific resources (news, reports,
articles, and data sets), exchanges research opinions, and informs
about the current research trend [8]. In addition to publishing
researchers' work and facilitating personal exchanges, ASNSs
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are tools for describing organizational information and
researcher interests [9].

Ijad Madisch, one of the creators of Research Gate,
acknowledges that ASNS promotes transparency in the research
process and ultimately leads to the strengthening of scientific
research [10]. In May 2017, Alexa.com ranked globally
Research Gate and Academia.edu 321st and 577th, respectively,
indicating increased use of ASNSs [11]. Based on Dong [12],
ASNSs have a positive impact on the performance of academics.
However, Salvation's study [13] in Malaysia found hidden
weaknesses of ASNS.

Every ASNSs is customized for one or more specific purposes;
for example, Research Gate is primarily for contacting
colleagues and counseling. Mendeley offers the opportunity to
receive new articles [14].

Along with researchers from other countries, Iranian health
researchers use different ASNSs to conduct their research
activities [15]. However, 61% of Iranian researchers do not trust
this social network [16]. Ghazimirsaeed [17] examined the use
of the academic social networks in Iran and showed 83% (44/53)
of Iranian medical science universities were present in the ASNS
in 2017. On average, 180 researchers from each university and
1161 departments of the medical universities were members of
these ASNSs [17].

ASNSs are created professionally and with a specific purpose,
and each of them has its particular users [18]. Investigating the
needs and expects of researchers from ASNSs can increase the
use of these social networks and make them successful. This
study aimed to investigate health researchers' requirements from
ASNS in Iran, as a low-income country. In addition to being
used in the design of ASNS, this study's results can strengthen
them.

Methods

Study Design
This qualitative study to identify Iranian researchers'
expectations from ASNS was done in 2020. This article is
excerpted from a doctoral dissertation entitled “Designing and
Implementing a Social Network for Laboratory Researchers in
Health” [19]. We chose the qualitative method to highlight
participants' experiences, knowledge, and silent information
[20,21]. We selected the phenomenological approach due to the
lack of a complete theory of the expectations of Iranian
researchers from ASNS [22].

Participants and Setting
The study environment was a research center affiliated with
medical colleges. Research managers, faculty members,
postdoctoral researchers, and PhD students participated in this
study. The inclusion criteria were the membership in 2 or more
academic social networks and updating their user profile on
academic social networks at least once a month. Participants
were selected by the purposive sampling method. Individuals
with good information and who provided their information
appropriately were chosen as participants in this method [23-25].

The interviews with participants continued until information
saturation was achieved, and researchers felt that new
information on new participants was not available; this step was
achieved with 23 participants. After the study's initiation and
interviews, we used theoretical sampling to identify people who
could provide rich and beneficial information for researchers.

We attempted to have a diversity of age, employment status,
work experience, degree, and job position in our study sample.

Data Collection
Semistructured interviews in the Persian language have been
done conveniently for participants. The interview questions
were developed by using literature reviews and expert opinions
and comprised of five questions. The interviewee was initially
asked to introduce themselves and explain their recent research
activities. In the second question, the researcher was asked
which academic social networks they use and why; and which
features are interesting to them.

The next question was about the advantages and disadvantages
of these social networks. In that question, participants were
asked to compare 2 or more academic social networks they have
used. The fourth question asked how academic social networks
could accelerate the research process and improve their quality,
and the final question queried which features would be
considered if the researcher were to design an ASNS.

We used S-recorder software (version 20.1.186.12; Samsung)
to record the interviews alongside note-taking. Each interview
lasted between 30 and 42 minutes.

Qualitative Analysis
The respondents' answers were immediately typed, summarized,
and reviewed several times by listening to and reading the
primary information.

Conventional content-method and MaxQDA-10 software
(version 10; VERBI) were used for data analysis. The
conventional content method is very useful for identifying,
analyzing, and reporting the patterns (themes) in qualitative
studies [26-28]. Respondent validity and immersed expert and
peer checks were used for data portability, rigor, and reliability.

Following informed consent procedures, the research
participants are provided with a brief verbal explanation of the
study and told that they could leave the study at any time. The
participant code and their job were used to report their
statements to keep the information confidential. The ethics
committee at Tabriz University of Medical Sciences approved
this study (IR.TBZEDMED.REC.1398.184).

Results

Overview
Study participants included 7 research managers, 6 faculty
members, 4 postdoctoral researchers, and 6 PhD students. Based
on the interviews, the researchers' expectations from
the ASNSs were divided into 2 general categories: the system's
functional and technical characteristics (Figure 1).
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Figure 1. Health researchers' expectations for academic social network sites.

Functional Characteristics
Functional characteristics included facilitating communication
and team activities, managing scientific publications, enhancing
the process of conducting research, being informative, and
sharing and trading laboratory materials and equipment.
Functional characteristics have 5 main themes and 29 subthemes.
Based on the number of repetitions of the subtheme in the
interviews, health researchers' most important expectation from

ASNSs was to contact other researchers. Finding help to solve
research problems, contacting other researchers, and introducing
the activities of selected researchers are essential ASNS
expectations for PhD students (Table 1).

According to the participants' scientific rank, the four columns
of Tables 1 and 2 specify how many people have mentioned
the relevant theme in their speeches. Moreover, the total number
of people who have mentioned a particular theme is specified
in the last column of the tables.
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Table 1. Functional expectations of health researchers from academic social network sites.

All
(n=23)

Research
manager
(n=7)

Faculty
member
(n=6)

Postdoctoral re-
searcher (n=4)

PhD student
(n=6)

DescriptionTheme and subthemes

Facilitating communication and team activities

91323Health researchers need to receive advice from ex-
perts through ASNS to solve their problems.

Question and answer

80412Health researchers would like to get acquainted
with the best professors and experts in their research
field using ASNS.

Introducing professors
and experts in the special
field

112414ASNS must allow its users to be notified of their
colleagues' membership in the social network based
on their email or phone contact list. 

Finding friends and col-
leagues

92431ASNS should introduce researchers with similar
research backgrounds to each other based on infor-
mation entered by users.

Introducing peer re-
searchers with the same
background

103520The sharing of knowledge and experiences of re-
searchers by the ASNS is critical and considered a
requirement for the ASNS’s success.

Share information,
knowledge, and experi-
ences

83500Dissemination of health researchers' in-network
opinions and posts to individuals and groups will
improve the quality of research.

Exchange opinions indi-
vidually and in groups

114313Although there are several specialized software for
online meetings, it seems that the integration and

Online meetings and ses-
sion

access to more features, such as online meetings,
can increase researchers' desire to use ASNSs.

124323Health researchers tended to publish their advertise-
ments, comments, requests, and requirements by
sending a post. 

Disseminating the infor-
mation by sending posts

Managing scientific publications

144532Researchers like to use this ASNS to monitor their
citations. 

Scientometrics

144532This network feature shows how many times a
document has been downloaded or read, And this
can show how important and practical it is.

Altmetrics

61212Showing researcher followers and followers has
many advantages for other users. This allows them

Drawing of researchers'
network

to get to know another person working in a common
field.

153543The possibility of publishing and receiving articles
is one of the essential parts of ASNS based on
health researchers' views.

Publish and receive arti-
cles

41003The ASNS can introduce appropriate journals to
users based on user profile data.

Find the best journals for
the manuscripts

Enhanced the process of conducting research

63210In some cases, health researchers have several re-
sponsibilities other than research, including educa-

Projects management of
research

tion, patient care, and executive activities. There-
fore, providing services via ASNS to manage re-
search projects is very helpful. 

154425Various challenges, such as financial, administra-
tive, property rights, laws, and access to protocols,

Find help to solve re-
search problems

are treated by health researchers during the research
stage. As a facilitator, ASNS can play an essential
role in solving these problems.
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All
(n=23)

Research
manager
(n=7)

Faculty
member
(n=6)

Postdoctoral re-
searcher (n=4)

PhD student
(n=6)

DescriptionTheme and subthemes

71123Given that the research is based on innovations and
problem solving, new research techniques and
methods can be made available to researchers
through the ASNS. 

Providing educational
materials

20110Time management is one of the basic principles of
research success; ASNS can play an essential role
in managing researchers' time by providing tools
such as electronic calendars and reminders. 

Electronic and reminder
calendar (digital Secre-
tary)

174535Creating different communication platforms by the
network and facilitating communication between
researchers promotes cooperation.

Contact other researchers

To be informative

101324When a researcher needs an expert with unique
skills, the ASNS should support them with search
tools.

Introducing people with
special skills

54001Researchers have different knowledge and skills.
Sometimes they need laboratory services that are
not available in their work environment. The re-
search manager can inform you about the services
available in a laboratory and share them with other
researchers using an ASNS.

Introducing special re-
search services

80431Health researchers can use ASNS to find jobs or
collaboration opportunities in research projects.

Introducing job or collab-
oration opportunities

93420Providing study opportunities on ASNS and creat-
ing transparency can lead to a better selection of
candidates.

Introducing study oppor-
tunities

91530Searching for similar research projects and prevent-
ing duplicate works can provide good opportunities
for collaboration between researchers.  

Introducing ongoing or
completed similar
projects

143425The following possibility of the researcher's activi-
ties allows users to obtain information about the
latest scientific achievements.

Introducing the activities
of selected researchers

134531Health researchers can use ASNSs to find out the
news related to scientific and research events.

Introducing scientific and
research events

Sharing and trading laboratory materials and equipment

105221Researchers can share, exchange, or sell their re-
search products on ASNSs.

Facilitate to exchange or
sale of research products

165434By creating the necessary content for sharing labo-
ratory equipment, the ASNS can increase this labo-
ratory equipment's efficiency and provide the oppor-
tunity for cooperation between research centers.

Facilitate to sharing of
laboratory equipment

154334In addition to reducing research costs, the exchange
of laboratory materials among researchers acceler-
ates research processes.

Facilitate to sale and ex-
change of laboratory ma-
terials
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Table 2. Technical expectations of health researchers from academic social network sites.

All
(n=23)

Research
manager
(n=7)

Faculty
member
(n=6)

Postdoctoral re-
searcher (n=4)

PhD stu-
dent
(n=6)

DescriptionTheme and subthemes

User management capabilities

196535Creating a user profile is the main feature of aca-
demic social networks.

Profile manage-
ment

163544Due to the production of knowledge in various
formats by health researchers and the communica-

Share different
types of files

tion between them, sharing files in different formats
is one of the essential features of the ASNS.

73112The automation of ASNS in different functions,
such as informing and introducing colleagues, is

Automatic in all
functions

one of these networks' main strategies to attract re-
searchers.

32001Posting comments on the ASNS about the re-
searcher's activities in various forms such as text,

Feedbacks manage-
ment

confirm, and like can improve the researcher's ac-
tivities. However, the user must manage the type
and content of this feedback.

High security and privacy

165542The most critical concern for health researchers in
using ASNS is to protect their privacy.

Privacy protection

166442Health researchers have become more sensitive to
academic and social networks' security.

High security

43010ASNS' environment should be dedicated to re-
searchers.

Dedicated environ-
ment

73220Researchers need a reliable social media environ-
ment to share scientific discussions and share their
social media views.

Reliable environ-
ment

User friendly

113512The use of abstract and incomprehensible words in
ASNS makes the social network unacceptable for
researchers.

Understandable

71322Researchers should simply be able to use ASNS.Simplicity

61113The art of embedding gamification in the academic
social network makes researchers more inclined to
use this in their daily activities.

Entertaining

114223Observance of clarity and transparency, visual ap-
peal, color selection, and visuals are criteria for
making the ASNS more attractive.

Attractive

113521ASNS does not have wholly fixed characteristics,
but a number of its features should be changeable
based on the choice and needs of the researcher.

Customization fea-
ture

Other technical features

51112Today, cloud storage has become an essential re-
quirement for researchers.

Use of cloud store

165434In the design process of a social network, all pages
must be visible on all devices with similar content,
design, and performance.

Run on different
platforms (respon-
sive)

42110The high rate of unavailability of the ASNS can
reduce its users.

Lack of error, non-
accessibility, and
downtime

20011The comprehensiveness and non-allocation of the
site to a group of researchers lead to researchers'
rapid growth.

Comprehensive
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All
(n=23)

Research
manager
(n=7)

Faculty
member
(n=6)

Postdoctoral re-
searcher (n=4)

PhD stu-
dent
(n=6)

DescriptionTheme and subthemes

82114The multilingual aspect of ASNSs, in addition to
understanding, can make a social network more
trustworthy and more inclusive.

Multilingualism

135521Communicating and retrieving information from
other academic social networks, in addition to sav-
ing time, can make social networks more attractive.

Connect with other
social networks

71213In addition to updating security and information
technology, ASNS should create new academic
social network functions.

Regular update

Technical Features
The technical features are related to the social network's design,
language, and the databases and infrastructure used to implement
the social network. Based on the views of the study, participants'
technical features consist of 4 main themes and 20 subthemes.
However, the most important subtheme based on participant
study views was profile management, but their concerns about
security and privacy were considerable (Table 2).

Discussion

Principal Findings
This study aimed to identify Iranian health researchers'
expectations for ASNS from the perspective of a low-income
country.

One of the most important expectations of ASNSs was to create
a platform for communication and to strengthen researchers'
team activities. In line with this study's results, Salahshour [29]
showed that 54% of researchers use ASNSs to find colleagues,
and 75% of them use ASNS to communicate.  Krause [7] argued
that in addition to creating intraorganizational communication,
ASNSs should facilitate communication and the sharing of
resources between scientists. Manca [30] also considers the
most important task of ASNSs as establishing a relationship
between researchers in the same field. Given that the study
participants were researchers from a low-income country, they
may have felt a greater need to connect and collaborate with
other researchers in high-income countries.

Another functional expectation from ASNSs was the
management of publication researchers' work. In line with the
results of this study, several studies confirm that publishing
management is an essential duty of ASNSs [31-33]. Salahshour
[29] also found that 67 percent of users use ASNSs to improve
citations and scientific advances. Weber [34] attributes
researchers uploading the research results to ASNSs due to
increased citations and establishing cooperation and
communication between researchers [34]. However, Bonaiuti
[9] attributes this behavior to the possibility of receiving
feedback and the ease of loading articles in the ASNSs [9].
Because scientometric and altimetric indicators are among the
main criteria for evaluating and ranking researchers, health
researchers use ASNSs as a tool to display their articles. They
try to improve the desired indicators by making their works
available. Completing the profile correctly and updating the

uploaded items plays a vital role in the researcher being seen
by other colleagues. In addition to upgrading the altimetric
rankings, ASNSs can improve the number of citations by
creating communication capacities and collaborating with
traditional metrics.

The researchers' third functional feature involved in the study
was to help facilitate research and solve research projects by
ASNSs. In a prior study, 56 percent of researchers said their
goal for being a member of an ASNS was to improve research
quality and learning [29]. In this regard, Espinoza [35]
acknowledges that by creating communication, collaboration,
and networking platforms, ASNSs support researchers and
academics. Various studies have shown that ASNSs, in addition
to their tools for communication, collaboration, question and
answer, specialized discussion groups, and ability to introduce
researchers with the same background, can support researchers
and improve research quality [9,34,36]. The advantages of
cooperation between researchers include reducing researchers'
workload, regulating the activities of researchers based on
expertise and skills, increasing the credibility and quality of
research, increasing the number of studies, and increasing the
productivity and efficiency of researchers. By creating a
platform for communication and cooperation on the one hand
and maintaining individuals' privacy, on the other hand, ASNSs
provide the foundation for the cooperation and facilitation of
research. One of the future challenges of ASNSs seems to be
managing collaborations between researchers, managing
collaboration requests, and protecting researchers' privacy.

Being informative is an essential expectation for ASNSs.
Researchers believe, given their interest, an ASNS should
automatically inform them of study opportunities, suitable jobs,
and cooperation suggestions.  Findings from Dermentzi [37]
show that one of the purposes of using the search tool in ASNSs
is to obtain information. He acknowledges that these sites must
collect and process the information required by their users.
Another study emphasizes that the researcher should use the
ASNS to identify the researchers and create a cooperation
network [38]. Meishar [33] stated in addition to
finding information, researchers can use these sites to identify
new research trends from leading researchers in various fields. 
The capacity to be informative via different avenues is one of
the advantages of ASNS; however, the entry of newly
requested and unrelated information by the ASNS into the email
and the researcher's account can be considered a weakness for
the ASNS and cause the user to leave the ASNS. Customization,
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artificial intelligence algorithms, and user engagement in
information acquisition can prevent this challenge and improve
the quality of ASNS-related information.

The fifth practical feature considered by Iranian health
researchers participating in the study was the possibility of
facilitating the sharing and trading of laboratory materials and
equipment amongst researchers. Bonaiuti [9] acknowledges that
researchers can meet their needs using public posts on social
media or specialized groups, which helps users of that social
network find or share research resources. In the Salahshour
study [29], 73% of researchers used ASNS to find material
related to their research [29]. The existence of specialized groups
in the ASNSs can be an effective solution for sharing laboratory
materials and equipment and bolstering effective communication
[9]. Given the situation in Iran and the sanctions imposed on
the one hand [39] and poor economic conditions, on the other
hand, this user expectation seems reasonable. Users can share
the features of their laboratory materials and equipment and
share their resources with other researchers. In addition to
economic savings, this practice can increase research centers'
efficiency and strengthen cooperation between researchers.

Conclusions
This study aimed to identify the expectations of health
researchers from ASNSs. These expectations were divided into
functional and technical characteristics. Functional
characteristics were related to different research processes, and
researchers used these features to increase the speed and quality
of their research. In this category, they expected ASNSs to
facilitate communication and inform them about various research
fields. Moreover, some researchers expected ASNSs to enhance
the process of conducting research and help in sharing and
trading laboratory materials and equipment. Managing scientific
publications is a functional characteristic that includes improving
and managing scientometrics and altmetrics, introducing related
journals, publishing the researcher's work, raising awareness
regarding the scientific ranking of other researchers, and
presenting a cooperative network.

Participants' expectations of ASNSs regarding technical
characteristics included user management capabilities, high
security and privacy, user-friendly, and other technical features.
In addition to not meeting the user's expectations of ASNS, it
is abandoned by researchers in some cases due to the lack of
attention by programmers to users' opinions in the design of
ASNS.
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Abstract

Background: Although social networking services (SNSs) have become popular among young people, problematic SNS use
has also increased. However, little is known about SNS addiction and its association with SNS use patterns and mental health
status.

Objective: This study aims to test the mediating role of SNS addiction between SNS use patterns and mental health status
among Chinese university students in Hong Kong (HK).

Methods: An online cross-sectional survey was conducted using a convenience sampling method. In total, 533 university
students (323 [66.9%] female, mean age [SD]=20.87 [2.68] years) were recruited from February to March 2019. Multiple linear
regression was used to assess the association between SNS use and SNS addiction. Structural equation modeling (SEM) was
performed to examine the pathways and associations among SNS use, SNS addiction, psychosocial status, and mental health
status (including anxiety and depressive symptoms).

Results: A longer time spent on SNSs per day (>3 h), a longer time spent on each SNS access (≥31 min), a higher frequency
of SNS access (≤every 30 min), a longer duration of SNS use before sleeping (≥61 min), and a shorter duration from waking to
first SNS use (≤5 min) were significantly associated with a higher level of SNS addiction (adjusted beta [aβ]=6.03, 95% CI
4.66-7.40; aβ=4.99, 95% CI 3.14-6.83; aβ=5.89, 95% CI 4.14-7.64; aβ=5.92, 95% CI 4.19-7.65; and aβ=3.27, 95% CI 1.73-4.82,
respectively). SEM showed a significant mediating effect of SNS addiction in the relationship between SNS use and psychosocial
status, and mental health status, including an indirect effect (β=0.63, 95% CI 0.37-0.93) and the total effect (β=0.44, 95% CI
0.19-0.72), while the direct effect was insignificant (β=–0.19, 95% CI –0.49 to 0.08).

Conclusions: SNS use patterns were associated with SNS addiction, and SNS addiction mediated the associations between SNS
use, psychosocial status, and mental health status of Chinese university students in HK. The findings suggest that screening for
and addressing excessive SNS use are needed to prevent SNS addiction and mental distress among young people.

(J Med Internet Res 2021;23(12):e26733)   doi:10.2196/26733
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Introduction

More than 1 billion people worldwide regularly use social
networking services (SNSs), such as Facebook, Twitter, and
Instagram, which are virtual communities where users interact
and build online and real-life relationships [1-3]. Similar to the
global trend, the number of SNS users has substantially
increased from 68% in 2014 to 83% in 2018 in Hong Kong
(HK) [4] which has 1 of the highest penetration rates of the
internet and e-devices [5,6]. Compared with other age groups,
younger age groups more popularly use SNSs, and 95% of
young people in HK, aged from 10 to 24 years, used SNSs for
an average of 17.7 h/week (the longest SNS use than other age
groups) in 2018 [4]. As SNS use has gained popularity,
problematic SNS use, such as excessive SNS use, which is a
relatively long duration or frequent use of SNSs [7], has also
increased among young people [8,9]. Evidence has shown that
excessive SNS use has a negative impact on young people’s
physical health (eg, headache, postural pain, and eye strain)
[7,10], real-life social relationships [11], and academic
performance [12,13]. Moreover, although SNS platforms provide
more pervasive environments for individuals to share their
feelings and follow other interesting friends, previous studies
have reported that excessive SNS use shows a strong association
with psychological distress, including depression and anxiety
[13-16], such as feeling frustrated or isolated from their real life
[17] and feeling vulnerable to the perceptions of others [18].

Excessive SNS use has shown significant association with
addictive behaviors [19,20], including feeling constantly anxious
or uneasy about one’s SNS accounts and having strong urges
to use SNSs. SNS addiction is thus defined as the excessive use
of SNSs that affects one’s daily activities, interpersonal
relationships, and mental health [21]. Although SNS addiction
has not been specifically identified by the Diagnostic and
Statistical Manual 5th Edition (DSM-5) or the International
Classification of Diseases 11th Revision (ICD-11), SNS
addiction can be considered as 1 form of behavior addiction,

reflecting excessive and compulsive symptoms [22,23], similar
to internet gaming disorder. However, SNS addiction can be
differentiated from other behavior addictions as users focus on
interpersonal networking through SNSs. According to
gratification theory, users who gain enjoyment and happiness
through SNS platforms would continue to spend even more
time using SNSs in pursuit of more positive gratification [24].
Therefore, SNS addiction may result from gratification attained
through online surfing and through virtual and real-life
interpersonal relationships. Meanwhile, recent studies have
found that 29% of university students have SNS addiction and
that SNS addiction is associated with anxiety, depression, and
mania symptoms, similar to prior studies that investigated
excessive SNS use [25,26].

Although recent studies have identified associations between
excessive SNS use, SNS addiction, and mental health status, it
remains unknown whether there is a clear pathway from
excessive SNS use to SNS addiction, thus influencing users’
mental health (ie, pathway). As SNS use patterns can be
differentiated by their social contexts (eg, different cultural
values in interpersonal relationships on SNSs [27]), excessive
SNS use and SNS addiction can be influenced by the users’
psychosocial status (ie, the influence of social factors on one’s
mind [28]), such as the influence of social isolation and
loneliness precipitating SNS use [29-31], while conversely
influencing their mental health. Moreover, the possible
mediating effect of SNS addiction on the pathway has been
deduced as SNS addiction is also associated with SNS use
patterns, psychosocial status, and mental health status [32-34].
Therefore, this study aimed to develop a structural equation
modeling (SEM) approach to testing a hypothetical model and
the potential mediating role of SNS addiction among Chinese
university students in HK.

Based on the existing literature and knowledge gap, we
developed the following hypotheses for this study and a
hypothetical model (Figure 1):

Figure 1. Conceptual model and hypotheses. Ovals represent unobserved latent variables. Rectangles represent observed measured variables. SNS:
social networking service.
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• Hypothesis 1 (H1): SNS use is positively associated with
SNS addiction.

• Hypothesis 2 (H2): SNS addiction is negatively associated
with mental health status.

• Hypothesis 3 (H3): SNS use is negatively associated with
psychosocial status.

• Hypothesis 4 (H4): Psychological factors are positively
associated with mental health status.

• Hypothesis 5 (H5): SNS addiction is negatively associated
with psychosocial status.

• Hypothesis 6 (H6): SNS use is negatively associated with
mental health status.

Methods

Study Design and Sampling
A cross-sectional study design was adopted. An online survey
link (Google Form) and a QR code printed on survey invitation
flyers were distributed in busy public areas (eg, the entrance of
library and cafeteria) within 2 major public university campuses
in HK from February to March 2019. The online survey website
included the study aim, respondents’ rights, and participation
incentive (50 respondents were randomly selected through a
lucky draw for a HK $25 [around US $3.2] cash voucher). The
respondents were also invited to freely share the survey link
with their peers from any HK university (ie, convenience and
snowball sampling). The inclusion criteria were enrolled
university students residing in HK with at least 1 SNS account.
Exchange students from outside HK and respondents who did
not answer more than 10 survey questions were excluded. To
prevent multiple responses and confirm their identity as
university students, each respondent’s mobile phone number
and university email address were collected.

Measurements

Demographics and SNS Use
Demographic characteristics, including sex, age, university,
degree pursued, and academic performance, were investigated.
The respondents’ patterns of SNS use (eg, overall time spent
on SNS per day, time spent on each SNS access, SNS access
frequency, and SNS use duration before sleeping and after
waking) were surveyed.

SNS Addiction
SNS addiction was measured using a revised version of the
Bergen Facebook Addiction Scale (BFAS), which consists of
6 questions [35,36]. The BFAS presented 0.83 internal
consistency and reported convergent validity [35]. The overall
score of the BFAS ranged from 6 to 30, with higher scores
indicating a higher level of SNS addiction. The term “Facebook”
in each item was changed to “SNSs” to include a wider range
of SNSs, similar to Andreassen et al [36]. The internal
consistency (Cronbach α) of the BFAS in this study was also
0.83.

Mental Health Status
The Patient Health Questionnaire-4 (PHQ-4) was used to screen
for psychological symptoms among the respondents. The PHQ-4
consists of 2 domains (ie, depression and anxiety), and each

domain has 2 questions [37]. The total score in each domain
ranges from 0 to 6. Higher scores in the 2 domains refer to
higher levels of depressive and anxiety symptoms, respectively.
The internal consistency of the 2 domains was 0.82 and 0.81,
respectively, in the original study [37] and 0.79 and 0.86,
respectively, in this study.

Psychosocial Status
The respondents’ psychosocial status was measured according
to their psychological well-being, social isolation, and
loneliness. First, the Flourishing Scale was adopted to measure
the respondents’ subjective psychological well-being [38]. The
scale consists of 8 questions with an overall score range from
8 to 56, and higher scores represent higher subjective
psychological well-being. The Flourishing Scale showed an
internal consistency as 0.87 and convergent validity [38]. The
internal consistency in this study was 0.92. Second, we adopted
the Lubben Social Network Scale (LSNS-6) consisting of 6
questions to investigate the respondents’ social isolation level
[39]. The overall score ranges from 0 to 30, and higher scores
indicate lower levels of social isolation [39]. The internal
consistency of the LSNS-6 was 0.83 in the original study and
0.75 in this study. Lastly, a brief loneliness scale [40] was also
adopted to measure the respondents’ feelings of loneliness. The
scale consists of 3 questions, and the total score ranges from 3
to 9. The internal consistency of the loneliness scale in the
original research [40] and this study was 0.72 and 0.89,
respectively.

Statistical Analysis
Descriptive analysis was conducted to detail the respondents’
information about demographic characteristics, SNS use and
addiction, and psychological profile. For continuous variables,
the mean and SD were used, and for categorical variables, the
frequency and percentage were used for analysis. Multiple linear
regression was performed to assess the association between
SNS use and SNS addiction. Structural equation modeling
(SEM) was performed to examine the pathways from SNS use
to mental health status. Multiple imputation was performed for
missing data. Total, direct, and indirect effects in the
hypothesized model were estimated using the maximum
likelihood and bias-corrected (BC) 95% CI by the bootstrapping
method with 2000 replications. Fitness indices of the SEM were
considered, including the root-mean-square error of
approximation (RMSEA; suggested close to or smaller than
0.06), the comparative fit index (CFI; suggested close to or
larger than 0.95), the Tucker-Lewis index (TLI; suggested close
to or larger than 0.95), and the standardized root-mean-square
residual (SRMR; suggested close to or smaller than 0.08)
[41,42]. IBM SPSS 24.0 and Amos 26.0 were used for all
analyses at a .05 significance level.

Results

Respondents’ Characteristics
Of the 533 respondents, 483 (90.6%) who met the eligible
criteria were included in this study. The mean age was 20.87
years (SD 2.68), and 66.9% (n=323) of the respondents were
female. The majority (459/483, 95.0%) were from University
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Grants Committee (UGC)-funded universities (ie, large public
universities) and undertook higher diploma or undergraduate
courses (466/483, 96.5%). With regard to SNS use, 33.7%
(163/483), 42.2% (225/483), and 31.0% (165/483) of the
respondents used SNSs for over 1-2 h/day, 6-15 min each time,
and every 31-60 min, respectively. In addition, 46.9% (250/483)
and 36.0% (192/483) of them used SNSs for 31-60 min before

sleeping and within 5 min or less after waking up. The mean
scores for anxiety symptoms, depressive symptoms, flourishing,
social isolation, and loneliness were 2.86 (SD 1.62), 2.70 (SD
1.58), 38.87 (SD 7.42), 16.90 (SD 5.06), and 5.55 (SD 1.79),
respectively. The mean score for SNS addiction was 16.4 (SD
5.03); see Table 1.
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Table 1. Demographic characteristics and frequency of SNSa use and SNS addiction (N=483).

SNS addiction,

P valueb

SNS addiction,

mean (SD)

n (%)Variables

Sex (P=.01)

—c15.49 (5.15)160 (33.1)Male

—16.84 (4.92)323 (66.9)Female

University (P=.76)

—16.41 (0.06)459 (95.0)UGCd funded

—16.08 (4.63)24 (5.0)Non-UGC funded

Degree of study (P=.002)

—16.53 (5.03)466 (96.5)Higher diploma and undergraduate

—12.65 (5.35)17 (3.5)Postgraduate

Academic performance (P<.001)

—14.92 (5.03)84 (17.1)First-class honors/quartile 4 or equivalent

—15.89 (4.90)192 (39.8)Second-class honors/quartile 3 or equivalent

—18.03 (4.53)118 (24.4)Second-class honors/quartile 2 or equivalent

—17.55 (0.90)20 (4.1)Third-class honors/quartile 1 or equivalent

——69 (14.3)Missing

Overall time spent on SNS per day (P<.001)

—12.43 (4.84)72 (13.5)≤1 h

—16.42 (4.60)163 (33.7)>1-2 h

—18.40 (4.67)125 (25.9)>2-3 h

—20.29 (4.85)123 (25.5)>3 h

Time spent on each SNS access (P<.001)

—14.89 (5.05)122 (22.9)5 min or less

—16.10 (4.84)225 (42.2)6-15 min

—17.56 (4.60)100 (18.8)16-30 min

—20.08 (4.94)36 (6.7)31 min or more

SNS access frequency (P<.001)

—17.73 (6.73)30 (5.6)Every 5 min or sooner

—17.85 (4.32)141 (26.5)Every 6-30 min

—16.42 (4.77)165 (31.0)Every 31-60 min

—14.69 (5.08)147 (27.7)Every 61 mins or later

Duration of SNS use before sleeping (P<.001)

—14.03 (5.02)43 (8.1)61 min or more

—16.28 (4.55)94 (17.6)31-60 min

—18.49 (4.28)250 (46.9)6-30 min

—19.26 (5.32)74 (13.9)5 mins or less

Duration from waking up to first SNS use (P=.02)

—16.83 (5.12)192 (36.0)5 min or less

—16.92 (4.72)178 (33.4)6-30 min

—15.77 (4.57)64 (12.0)31-60 min

—14.29 (5.45)34 (6.4)61 min or more
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SNS addiction,

P valueb

SNS addiction,

mean (SD)

n (%)Variables

Psychosocial status and mental health status

<.0015.55 (1.79)—Loneliness

<.00138.87 (7.42)—Flourishing

<.00116.90 (5.06)—Social isolation

<.0012.86 (1.62)—Anxiety symptoms

<.0012.70 (1.58)—Depressive symptoms

aSNS: social networking service.
bP value for the t test (1 or 2 groups) or ANOVA (3 groups or more).
cNot applicable.
dUGC: University Grants Committee. UGC-funded universities in HK including the University of Hong Kong (350/459, 76.3%), the Chinese University
of Hong Kong (14/459, 3.1%), the Hong Kong University of Science and Technology (3/459, 0.6%), the Hong Kong Polytechnic University (81/459,
17.6%), the Education University of Hong Kong (0), the City University of Hong Kong (7/459, 1.5%), the Hong Kong Baptist University (3/459, 0.6%),
and Lingnan University (1/459, 0.2%).

Associations of SNS Addiction With SNS Use
SNS addiction was significantly associated with SNS use
patterns (Table 2). A longer amount of time on SNSs per day
(ie, >3 h), a longer amount of time on SNSs each access (ie,
≥31 min), and a higher frequency of SNS access (ie, less than
every 30 min) were associated with a higher level of SNS

addiction (adjusted beta [aβ]=6.03, 95% CI 4.66-7.40; aβ=4.99,
95% CI 3.14-6.83; and aβ=5.89, 95% CI 4.14-7.64,
respectively). A longer duration of SNS use before sleeping (ie,
≥61 min) and a shorter duration from waking to first SNS use
(ie, ≤5 min) were significantly associated with a higher level
of SNS addiction (aβ=5.92, 95% CI 4.19-7.65 and aβ=3.27,
95% CI 1.73-4.82, respectively).
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Table 2. Linear regression for the association between SNSa use and SNS addiction.

AdjustedbCrudeModel

ββ (95% CI)ββ (95% CI)

Overall time spent on SNSs per day

—REF—dREFc≤1 h

0.303.24 (1.94-4.54)e0.323.35 (2.07-4.64)e>1-2 h

0.404.63 (3.26-6.00)e0.424.82 (3.47-6.17)e>2-3 h

0.526.03 (4.66-7.40)e0.546.23 (4.88-7.58)e>3 h

Time spent on each SNS access

—REF—REF≤5 mins

0.111.08 (–0.00 to 2.16)0.121.21 (0.14-2.28)f6-15 mins

0.192.42 (1.07-3.76)e0.212.67 (1.38-3.95)e16-30 mins

0.264.99 (3.14-6.83)e0.275.19 (3.38-7.00)e≥31 mins

SNS access frequency

REFREFREFREF≥Every 6 h

0.283.29 (1.48-5.11)e0.283.34 (1.51-5.17)eEvery 3 h

0.404.21 (2.47-5.96)e0.404.28 (2.52-6.04)eEvery 1 h

0.565.89 (4.14-7.64)e0.545.72 (3.96-7.48)e≤Every 30 min

Duration of SNS use before sleeping

—REF—REF≤5 min

0.282.83 (1.69-3.98)e0.292.92 (1.81-4.02)e6-30 min

0.405.10 (3.70-6.51)e0.405.12 (3.79-6.46)e31-60 min

0.345.92 (4.19-7.65)e0.335.89 (4.20-7.58)e≥61 min

Duration from waking to first SNS use

REFREF≥61 min

0.152.15 (0.32-3.99)f0.152.17 (0.33-4.02)f31-60 min

0.313.28 (1.73-4.84)e0.323.33 (1.76-4.90)e6-30 min

0.323.27 (1.73-4.82)e0.323.24 (1.69-4.80)e≤5 min

aSNS: social networking service.
bAdjusted for sex, age, academic performance.
cREF: reference group.
dNot applicable.
eP<.001.
fP<.05

Mediating Effects of SNS Addiction Between SNS Use
and Mental Health Status
The hypothesized model showed good fitness indices, with

X2/df=2.16, RMSEA=0.05, CFI=0.97, TLI=0.95, and

SRMR=0.04. Results from bootstrapping showed that SNS
addiction has a significant mediating effect on the relationship
between SNS use and psychosocial status, and mental health
status (Figure 2).

J Med Internet Res 2021 | vol. 23 | iss. 12 | e26733 | p.567https://www.jmir.org/2021/12/e26733
(page number not for citation purposes)

Wang et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Standardized regression coefficient (β) of all variables in the hypothesized model. Ovals represent unobserved latent variables. Rectangles
represent observed measured variables. Values are standardized path coefficients. **P<.01. SNS: social networking service.

H1 (SNS use and SNS addiction; β=0.49, 95% CI 0.39-0.58),
H2 (SNS addiction and mental health status; β=0.17, 95% CI
0.06-0.27), H4 (psychosocial status and mental health status;
β=–0.76, 95% CI –0.88 to –0.64), and H5 (SNS addiction and
psychosocial status; β=–0.29, 95% CI –0.42 to –0.16) were

supported. In contrast, H3 (SNS use and psychosocial status;
β=–0.09, 95% CI –0.24 to 0.06) and H6 (SNS use and mental
health status; β=–0.08, 95% CI –0.21 to 0.03) were not
supported (Table 3).

Table 3. Standardized coefficients of raised hypotheses in the hypothesized model.

P valueBCa 95% CIβHypothesis

.0010.39-0.580.49H1: SNSb use → SNS addiction

.0040.06-0.270.17H2: SNS addiction → mental health status

.21–0.24 to 0.06–0.09H3: SNS use → psychosocial status

.002–0.88 to –0.64–0.76H4: Psychosocial status → mental health status

.001–0.42 to –0.16–0.29H5: SNS addiction → psychosocial status

.16–0.21 to 0.03–0.08H6: SNS use → mental health status

aBC: bias-corrected.
bSNS: social networking service.

Three indirect pathways between SNS use and mental health
status in SEM were investigated (Tables 4 and 5). The indirect
effect of SNS addiction was significant on the pathway of SNS
use to mental health status (β=0.20, 95% CI 0.08-0.34), but the
indirect effect of psychosocial status was insignificant on the
pathway (β=0.17, 95% CI –0.10 to 0.47). The indirect effect
mediated by SNS addiction and psychosocial status in the
pathway also showed a significant impact (β=0.26, 95% CI
0.14-0.44), and this pathway showed a stronger correlation than

the pathway with SNS addiction alone as the mediator. The
total indirect effect between SNS use and mental health status
was significant (β=0.63, 95% CI 0.37-0.93). The direct effect
of SNS addiction and psychosocial status on mental health status
was insignificant (β=–0.19, 95% CI –0.49 to 0.08). Furthermore,
the total effect of SNS addiction and psychosocial status that
mediated the path from SNS use to mental health status was
significant (β=0.44, 95% CI 0.19-0.72).
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Table 4. Bootstrapping analyses to examine the indirect effect estimates of pathways in the hypothesized model.

P valueBCa 95% CIProduct of coefficientsβIndirect effect

ZSE

.0030.08-0.343.020.070.20SNSb use → SNS addiction → mental health status

.21–0.10 to 0.471.200.140.17SNS use → psychosocial status → mental health status

.0010.14-0.443.400.080.26SNS use → SNS addiction → psychosocial status → mental health status

aBC: bias-corrected.
bSNS: social networking service.

Table 5. Total, direct, and indirect effects of mediation analysis in the model.

P valueBCa 95% CIProduct of coefficientsβEffect

ZSE

.0020.19-0.723.220.140.44Total

.17–0.49 to 0.081.340.15–0.19Direct

.0010.37-0.934.520.140.63Indirect

aBC: bias-corrected.

Discussion

Principal Findings
This study found that longer and more frequent use of SNSs is
significantly associated with SNS addiction. This study also
identified that SNS addiction and psychosocial status
significantly and positively mediate the relationship between
SNS use and mental health status (anxiety and depressive
symptoms) in Chinese university students in HK.

SNS Addiction–Related Factors
SNS addiction significantly differed across the respondents’
demographics in this study. We found that females have a higher
level of SNS addiction than males, corresponding with another
study from HK [43]. In contrast, several studies from Europe
have reported that males have a higher SNS (Twitter) addiction
level and SNS obsession than females [44-46]. Although there
are limited studies investigating the sex differences in SNS
addiction, the distinct findings in the HK studies may be due to
sociocultural influences on SNS use and addiction. Chinese
females who are influenced by a collectivism-dominant culture
tend to be introverted and gravitate toward indirect
communication styles [47]. Accordingly, they prefer to use
SNSs as a way to make emotional connections and maintain
their existing interpersonal relationships [48]. They also tend
to spend more time on SNSs than males [47,48]; thus they are
more exposed to the risk of SNS addiction. An in-depth
qualitative study and meta-analysis would be helpful to uncover
the extent of sociocultural influences on SNS addiction.

We also found that SNS addiction is significantly higher among
undergraduate students and those with poor academic
performance, consistent with previous findings on academic
performance [49,50] and undergraduate studies [51]. As time
spent on SNSs for entertainment is a negative predictor of time
spent studying [52] and academic performance, such as grade
point averages [51], excessive and addictive SNS use for

entertainment would decrease the time on education, resulting
in low academic performance [44]. Although the associations
of SNS use patterns with SNS addiction are little known, the
associations between problematic uses of smartphones or the
internet, and addictive behaviors have been identified in the
literature. Excessive use or habitual checking of the smartphone
can lead to smartphone addiction [53-55]. Similarly, long
durations of time spent on the internet are a significant indicator
of internet addiction [56]. Moreover, previous studies have
reported that young adults with internet and smartphone
addiction mainly spend time on the use of SNS websites and
applications [57,58]. Given that SNSs can be used over the
internet through smartphones and other electronic devices, and
that internet and smartphone addiction results in similar user
behaviors, our findings on SNS addiction can be comparable
to studies investigating internet use on smartphones or internet
addiction. Moreover, shorter durations from waking to first SNS
use and longer durations before sleeping are strong indicators
of SNS addiction [53,59]. These findings from previous studies
resembled our findings regarding the association of excessive
SNS use patterns with SNS addiction. We also further found
the effect of the SNS use patterns on SNS addiction, namely
that excessive SNS use can cause SNS addiction.

Although excessive SNS use can cause SNS addiction behaviors,
young people are poor at recognizing their own SNS use as
excessive. In 1 study that surveyed the effects of Facebook use
on the social life and behaviors of 1000 university students in
Pakistan, nearly 70% of those who showed addictive Facebook
use did not discern themselves as having Facebook addiction
[60]. Similarly, another study that collected SNS information
on 804 adolescents in India revealed that only 4% perceived
their SNS use to be highly problematic [61]. Opportunities exist
for health professionals to guide young people to recognize their
own excessive SNS use that can cause SNS addictive behaviors.
Practical screening for SNS addiction can be assessed as a daily
routine in the community when dealing with young people who
show problematic and excessive SNS use. This may be the first
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step in recognizing potential cases before they develop further
into SNS addiction. Concerning previous treatment for internet
addiction [62], interventions conducted through a cognitive
behavioral approach may also be helpful for users with SNS
addiction in order to reconstruct their thoughts and behaviors
and mitigate mental distress stemming from SNS addiction.

Impact of SNS Addiction on Mental Health Status
We found that SNS addition significantly influences mental
health status (ie, anxiety and depressive symptoms), while the
effect of SNS use patterns on mental health status is not
significant. It should be noted that the difference between SNS
use and SNS addiction is that the latter reflects more problematic
behaviors and can lead to more severe outcomes that are
associated with SNSs [7]. General SNS use may not be a
potential factor; instead, it is the excessive use of SNSs that
influences addictive behavior and mental distress [63]. Similar
to our results, previous studies have reported that SNS addiction
is associated with negative mental health outcomes, including
depression, anxiety, and affective disorder [26,64,65]. However,
these studies have mainly focused on the bivariate association
between SNS addiction and mental health, while the effect of
SNS addiction on mental health remains uncertain; that is,
whether mental problems lead to SNS addiction or vice versa.

Furthermore, we identified that SNS addiction plays a mediating
role in the pathway from SNS use to mental health status. This
finding resonates with 1 study that identified that Instagram (an
SNS) use predicts depression [25]. However, the mediating role
of SNS addiction was not significant in that study, in contrast
with our findings. SNS use in that study was only measured by
1 item (ie, the time spent on Instagram) [25], while we included
diverse SNS use patterns (ie, 4 durations and 1 frequency
measurement of SNS use). We also included all types of SNS
use, but the aforementioned study only included Instagram use,
although the use of different SNSs would be differently
associated with SNS addiction and depression [25]. Therefore,
the findings from our study offer more holistic and integrative
viewpoints on the pathway from SNS use to mental health status
via SNS addiction.

Of note, SNS use in moderation can positively affect users’
mental health status. SNS use can reinforce a user’s online
relationships and solidify their offline connections, and this
may, in turn, reduce their negative feelings and emotions (eg,
anxiety, depression), positively influencing their mental health
status [66,67]. Unfortunately, when SNS use becomes excessive,
it conversely has an adverse effect on users. Although excessive
SNS use is a popular concept in SNS studies and is known as
a predictor of SNS addiction [68,69], there is ambiguity in the
cut-off between non-excessive and excessive use, making
excessive SNS use difficult to define. Therefore, SNS addiction
would be more suitable than excessive SNS use to objectively
determine that a user’s SNS use is problematic and to understand

its influence on health outcomes [61,69]. Moreover, the sense
of belongingness (feeling of being accepted in groups) is high
among young people, particularly from East Asian countries
that have collectivism-dominant societies. The sense of
belongingness is positively associated with social and
psychological functioning [70,71]. The characteristics of young
people and the social environment in HK (ie, a high sense of
belongingness that we measured in this study using social
well-being, loneliness, and isolation scales) likely mediate SNS
use, SNS addiction, and mental health status.

As an indispensable element of today’s leisure culture, absolute
abstinence from accessing SNSs is not an appropriate treatment
for SNS addiction and mental distress. Restricting the excessive
use of SNSs, addressing the importance of SNS addiction control
to improve psychosocial and mental health status and preventing
relapse by encouraging self-reflection on SNS use may be
possible solutions for designing educational programs.
Particularly, during the COVID-19 pandemic, which hinders
face-to-face intervention delivery, internet-delivered
interventions (eg, internet-delivered cognitive behavioral
therapy) can be also considered to address SNS addiction. Future
studies on determining the appropriate duration of SNS use with
findings transferable to practice guidelines would be needed.

Limitations
This study had some limitations. Cross-sectional data in this
study could not provide the causality between SNS addiction
and mental health status. Discussions of the magnitude of the
relationship between 2 elements (SNS addiction and mental
health status) were inconclusive, with different opinions that
this relationship can be bidirectional [72,73]. Therefore, more
studies with longitudinal designs are needed to explore the
direction and mechanism of causality for the relationship
between SNS addiction and mental health status in the future.
Additionally, as most of our participants were ethnic Chinese
in HK, replication of our study for young adults in other
sociocultural settings is recommended to reveal a more
comprehensive relationship that was discovered through this
study. Lastly, the participants responded to an online survey.
Self-reported data may result in recall bias.

Conclusion
This study provided novel information about the patterns of
SNS use and its association with SNS addiction among
university students. Findings from SEM also addressed that
there is a significant mediating effect of SNS addiction between
SNS use and mental health status, including anxiety and
depressive symptoms. Further studies are suggested to
demonstrate causal relationships with longitudinal data. This
study helps to provide preliminary solutions for reducing SNS
addiction and mental problems by conducting interventions
using cognitive-behavioral approaches.
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Abstract

Background: The internet is one of the most popular health information resources, and the Chinese constitute one-fifth of the
online users worldwide. As internet penetration continues to rise, more details on the Chinese population seeking online health
information need to be known based on the current literature.

Objective: This study aims to explore the sociodemographic differences in online health information seeking (OHIS), including
the frequency of OHIS and the types of online health information sought among the general Chinese population in mainland
China.

Methods: A cross-sectional study for assessing the residents’ health care needs with self-administered questionnaires was
implemented in 4 counties and districts in China from July 2018 to August 2018. Pearson’s chi-square test was used to identify
the sociodemographic differences between infrequent and frequent online health information seekers. We also performed binary
logistic regression for the 4 types of online health information as the dependent variables and the sociodemographic factors as
the independent variables.

Results: Compared with infrequent online health information seekers, frequent seekers were more likely to be female (infrequent:
1654/3318; 49.85%; frequent: 1015/1831, 55.43%), older (over 60 years old; infrequent: 454/3318, 13.68%; frequent: 282/1831,
15.40%), married (infrequent: 2649/3318, 79.84%; frequent: 1537/1831, 83.94%), and better educated (bachelor’s or above;
infrequent: 834/3318, 25.14%; frequent: 566/1831, 30.91%). They were also more likely to earn a higher income (over RMB
¥50k [RMB ¥1=US $0.15641]; infrequent: 1139/3318, 34.33%; frequent: 710/1831, 34.78%), have commercial health insurance
(infrequent: 628/3318, 18.93%; frequent: 470/1831, 25.67%), and have reported illness in the past 12 months (infrequent: 659/3318,
19.86%; frequent: 415/1831, 22.67%). Among the 4 health information types, health science popularization was the most searched
for information by Chinese online health information seekers (3654/5149, 70.79%), followed by healthy behaviors (3567/5149,
69.28%), traditional Chinese medicine (1931/5149, 37.50%), and medical concerns (1703/5149, 33.07%). The binary logistic
regression models showed that males were less likely to seek information on healthy behaviors (adjusted odds ratio [AOR] 0.69,
95% CI 0.61-0.78) and traditional Chinese medicine (AOR 0.64, 95% CI 0.57-0.73), and respondents who had at least 1 chronic
disease were more likely to seek information on medical concerns (AOR 1.27, 95% CI 1.07-1.51) and traditional Chinese medicine
(AOR 1.26, 95% CI 1.06-1.49).
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Conclusions: Sociodemographic factors were associated with the frequency of OHIS and types of information sought among
the general Chinese population. The results remind providers of online health information to consider the needs of specific
population groups when tailoring and presenting health information to the target population.

(J Med Internet Res 2021;23(12):e30855)   doi:10.2196/30855

KEYWORDS

online health information seeking; sociodemographic factors; information types; Chinese population; information seeking behavior;
demography; China; online health information

Introduction

Given its rapid development, the internet has become an
essential source of health information worldwide. According
to Internet World Stats, the number of internet users has reached
5 billion, accounting for more than 60% of the world population
[1]. The internet has the highest usage rate among health
information sources [2-4]. Although certain groups still rely on
traditional media for health information [5], the internet is
increasingly growing in popularity as a source of health
information.

The advantages of online health information seeking (OHIS)
manifest in various aspects. Turning to the internet before
seeking a professional diagnosis has the potential to improve
the relationship between patients and their physicians, and
patients are more inclined to trust in their physicians’ advice
by discussing their findings online with these professionals
[6-8]. The likelihood of individuals changing their health
behavior rises as the frequency of using the internet to retrieve
health information increases [9]. For people who live with
chronic diseases, the internet may improve their skills in
managing their condition [10,11]. However, seeking health
information online can be a mixed blessing. Studies have shown
that online health information can be inadequate and inaccurate
[12-14]. The information may be of questionable quality, leading
to hasty, ill-informed, and dangerous health choices [15].
Compared with that available in Western countries, the
low-quality online health information seems to be particularly
serious in Asian countries [16].

Previous studies have explored how sociodemographic factors
influence OHIS behavior. The frequency of OHIS is higher
among individuals who are female, younger, better educated,
or have a higher household income [9,17,18]. A study that
analyzed 2 Pew data sets collected in 2002 and 2012 showed
that the sociodemographic factors of gender and education
strongly predicted OHIS in both years; meanwhile, age and
income were significant predictors in 2012 but not in 2002 [19].
Internet access and OHIS behavior have been shown to vary by
race and ethnicity [20-24]. Other factors, such as health status
[17] and employment status [24], were also found to be
statistically significant in OHIS. A meta-analysis on OHIS
revealed that age, gender, education, income, race, and
experience were social determinants of OHIS [25]. In summary,
most related studies indicate that the crucial characteristics of
online health information seekers are age, level of education,
income, and ethnicity [26]. Several studies have consistently
focused on the predictors of OHIS; however, most of them
aimed at identifying determinants that discriminate between

online health information seekers and nonseekers
[4,20,24,27-29], and elements associated with OHIS among
those who have used the internet for health information should
also be examined.

Seekers of online health information seek various health topics.
Some studies reported information about disease to be the most
common topic sought by online health information seekers
[19,30]. Other frequently searched topics include symptoms,
medication, treatment, exercise and fitness, and nutrition or diet
[8,10,30,31]. However, there is no official or agreed upon
classification for these common health topics. By reviewing
previous studies, these topics can be mainly grouped into 2
types: (1) healthy behaviors, including information related to
nutrition or diet, exercise, and body maintenance; (2) and
medical concerns, including information related to disease,
medications, and treatments [19,32]. Of these 2 types,
information on medical concerns is more likely to be sought by
people with more health risks [8,31,32]. For instance, compared
with the population with no chronic disease, people with chronic
conditions are more likely to search about medicines [10].
Overall, evidence shows that medical information seems to be
the most popular health information on the internet. However,
different population groups have different preferences for health
information, and how individuals who seek this information
may vary by their characteristics remains obscure.

According to the 47th Statistical Report on China’s internet
Development [33], as of December 2020, 9.89 million Chinese
had access to the internet, and the penetration rate in China
reached 70.4%, a rate higher than the average level in Asia
(62.6%) [1]. The Chinese population constitutes one-fifth of
the world’s internet users, and easy access to specialized
information, such as medical and health care information,
accounts for 29.8% of the factors facilitating China’s
nonnetizens’ access to the internet [33]. However, academic
research on OHIS has mostly collected evidence from Western
countries, especially the United States [5,10,21], or has focused
on certain groups, such as women [23,34], adolescents [28,35],
and patients with chronic disease [10,11]. Studies on the general
Chinese population, particularly the Mainland population, are
still limited.

According to the literature review, OHIS has not only positive
but also negative influences on individuals. With the rise of the
internet penetration rate, an increasing number of people will
have access to online health information. New health
information is difficult to effectively categorize when individuals
are overwhelmed by diverse or mixed health information, and
an overabundance of health information on the internet can
make individuals feel confused and become more anxious about
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their conditions [36,37]. To ensure that online health information
can be effectively used and to understand how individuals can
best avoid the negative influence of OHIS, it is crucial to
understand the characteristics and preferences of online health
information seekers so that practical information can be tailored
and presented to the target population. As a result, we aimed to
answer 3 questions: (1) Which groups of people are frequent
online health information seekers? (2) Which types of online
health information do people usually search for? (3) What are
the preferences for types of online health information among
different population groups? Given that sociodemographic
factors have provided an increasingly significant explanation
of the variance in OHIS [19], our study aimed to explore
sociodemographic differences in OHIS behavior among the
general Chinese population, including frequency of OHIS and
types of health information sought.

This study used the data of a household survey conducted in 4
counties and districts in Mainland China, which may additionally
contribute to the current research. As inaccurate information
and the inability to find information may discourage people
from retrieving professional information [38], our findings may
offer additional knowledge to online health information
providers so that appropriate health information content can be
tailored and presented. Therefore, we believe this study can
significantly contribute to online health information management
and promotion in China.

Methods

Study Design
From July 2018 to August 2018, the Research Center for Rural
Health Services carried out a study to assess residents’ health
care needs. Based on the assessment of socioeconomic
development and geographic distribution and suggestions from
experts [39], 4 counties and districts across China were
purposely selected as the survey areas, including 2 districts in
urban China (Xiling in central China, Futian in eastern China)
and 2 counties in rural China (Dangyang in central China, Sinan
in western China) [40].

A multistage stratified random sampling was implemented to
select representative samples of the districts’ and counties’
populations. In the sample size calculation, the design effect
was set at 2.5, and the allowable error at the significance level
of .05; the chronic disease prevalence was 21.338% according
to the 2013 National Health Service Survey [41], and thus the
minimum sample size in each survey area was calculated to be

3584 individuals. Given that a family in China has an average
of 2.9 members [41], at least 1235 families in every study site
needed to be investigated. In the 2 counties (Dangyang and
Sinan), 5 towns in each county were randomly selected
according to the distance to the county hospitals. Meanwhile,
6 villages in each town were randomly selected according to
the distance to the township hospitals. In the 2 districts (Xiling
and Futian), 5 streets in each district were randomly selected
according to the distance to the medical centers. To ensure that
at least 248 families in each town or street were effectively
interviewed, 1 other town or street in each county or district
was selected as a backup in case of refusal, closed household,
or removal of defective questionnaires. We resampled and
surveyed until the final sample size met the estimated
requirement. The surveyed families were systematically sampled
in the rosters of residents from the village or street councils.
Under the guidance of well-trained interviewers, face-to-face
interviews were conducted, and self-administrated
questionnaires were used on all the members of the sampled
families. Finally, data from 15,126 respondents in 5547 families
were collected in total: 3310 individuals in 1360 families in 30
villages in Dangyang, 3983 individuals in 1355 families in 30
villages in Sinan, 4386 individuals in 1513 families in 6 streets
in Futian, and 3447 individuals in 1319 families in 5 streets in
Xiling. A total of 12,646 individuals above 15 years of age
needed to answer the questions related to OHIS, and 5354
respondents (5354/12,646, 42.34%) reported using the internet
to seek health information. Among the online health information
seekers, those who failed to provide information for all variables
queried in this study were excluded, and 5149 individuals were
finally included in the analysis.

Ethical approval was obtained from the Ethics Committee of
Tongji Medical College, Huazhong University of Science and
Technology (#IORG0003571).

Variables

Sociodemographic Factors
The survey questionnaires were divided into several parts,
including basic family information, individual information,
health status, health care use, and health promotion need.
Sociodemographic factors, including gender, age, marital status,
area of residence, education level, annual household income
per capita, employment, health insurance, having at least 1
chronic disease, and reported illness in the past 12 months, were
considered to be independent variables. The coding of
independent variables is shown in Table 1.
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Table 1. Coding of independent variables.

AssignmentVariables

Female=0; male=1Gender

15-45=1; 46-60=2; >60=3Age (years)

Single=0; married=1Marital statusa

Rural=0; urban=1Area

Junior high school or below=1; senior high school =2; 3-year college=3;
bachelor’s or above=4

Education level

<10k=1; 10k-30k=2; 30k-50k=3; >50k=4Annual household income per capita (RMB ¥b)

Unemployed=0; employed=1Employmentc

Urban employee basic medical insurance=1; urban-rural resident basic

medical insurance=2; othersd=3

Types of primary health insurance

No=0; yes=1Having commercial health insurance

No=0; yes=1Having at least 1 chronic disease

No=0; yes=1Reported illness in the past 12 months

aMarital status was divided into 2 categories: single (unmarried, divorced, or widowed) and married (married).
bRMB ¥1=US $0.15641.
cEmployment was recoded as 2 groups: unemployed (unemployed, students, and retired) and employed (employed).
dOthers included no primary health insurance and health insurance outside mainland China.

Frequency of OHIS
Most frequency response scales use subjective terms as scale
labels, such as the 3-point frequency scale (usually, sometimes
or partially, never) and 4-point frequency scale (never,
seldom/hardly ever, sometimes, often) [9,42,43]. In this study,
the measurement of the frequency of OHIS was adapted from
previous studies, which were based on respondents’ subjective
ratings. Respondents were asked to rate the frequency of OHIS
on a 3-point frequency scale (frequent, infrequent, never), and
those who selected “Frequent” and “Infrequent” were classified
as frequent and infrequent online health information seekers,
respectively. Given that our study participants were those who
had used online health information, respondents who selected
“Never” were excluded.

Types of Online Health Information
In the original survey, respondents were asked whether they
had searched for the following health-related contents: sports
and fitness, health science popularization, traditional Chinese
medicine (TCM), women’s health, nutrition and diet, medication
guidance, disease consultation, health status monitoring, and
others. In this study, 6 items were selected and then grouped
into 4 types to be analyzed: (1) healthy behaviors, including
sport and fitness, and nutrition and diet; (2) medical concerns,
including medication guidance and disease consulting; (3) TCM,
which may particularly be sought by Chinese users [31,44]; and
(4) health science popularization, an emerging type of health
information that aims at improving people’s health literacy,
which the National Health Commission of China has strongly
supported in recent years. According to the National Health
Commission of China, information on health science
popularization mainly includes scientific knowledge about health
technologies, ideas, methods, and skills, which is particularly

disseminated in a way that is easy to understand, accept, and
participate in [45]. Of the 4 types of online health information,
the first 2 contain the common health topics frequently sought
by the general population worldwide, and the analysis of the
latter 2 may be helpful to better understanding the OHIS
behavior of the general population in the setting of Mainland
China. Each type as a dependent variable was dichotomized
(yes or no).

Statistical Analysis
First, Pearson’s chi-square test was used to compare
sociodemographic differences between infrequent and frequent
online health information seekers. Second, descriptive analysis
was applied to show the prevalence of different types of online
health information. Finally, binary logistic regression was
conducted on each type of online health information to identify
the sociodemographic differences in searches for health
information types, and the adjusted odds ratio (AOR) and 95%
CI were reported. The significance level was set at a P value of
.05.

Results

Sociodemographic Information of the Respondents
Table 2 shows an overview of the main sociodemographic
characteristics of the study population and differences in the
frequency of OHIS. Online health information seekers
comprised more females (2669/5149, 51.84), and most of them
lived in urban China (3993/5149, 77.55%). Almost two-thirds
(3318/5149, 64.44%) of respondents reported infrequently using
the internet to seek health information. Among people who were
frequent seekers of online health information, more than half
(1015/1831, 55.43%) were female. The comparison between
the 2 groups revealed that differences in terms of gender
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(P<.001), age (P=.01), marital status (P<.001), education level
(P<.001), annual household income per capita (P<.001),
possession of commercial insurance (P<.001), and reported
illness in the past 12 months (P=.02) were statistically
significant. In contrast, area (P=.12), employment (P=.79), types
of primary health insurance (P=.57), and having at least 1
chronic disease (P=.14) were not significantly different.
Compared with infrequent online health information seekers,
frequent seekers were more likely to be females (infrequent:
1654/3318, 49.85%; frequent: 1015/1831, 55.43%), were older
(over 60 years old; infrequent: 454/3318, 13.68%; frequent:

282/1831, 15.40%), were more likely to be married (infrequent:
2649/3318, 79.84%; frequent: 1537/1831, 83.94%), were better
educated (bachelor’s or above; infrequent: 834/3318, 25.14%;
frequent: 566/1831, 30.91%), earned a higher income (over
RMB ¥50k [RMB ¥1=US $0.15641; frequent: 1139/3318,
34.33%; frequent: 710/1831, 34.78%), were more likely to have
commercial health insurance (infrequent: 628/3318, 18.93%;
frequent: 470/1831, 25.67%), and were more likely to have
reported illness in the past 12 months (infrequent: 659/3318,
19.86%; frequent: 415/1831, 22.67%).

J Med Internet Res 2021 | vol. 23 | iss. 12 | e30855 | p.579https://www.jmir.org/2021/12/e30855
(page number not for citation purposes)

Xiong et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Sociodemographic characteristics of the respondents by frequency of OHIS (online health information seeking).

P valueFrequent (N=1831), n (%)Infrequent (N=3318), n (%)Overall (N=5149), n (%)Sociodemographic characteristics

<.001Gender

816 (44.57)1664 (50.15)2480 (48.16)Male

1015 (55.43)1654 (49.85)2669 (51.84)Female

.01Age

1023 (55.87)1992 (60.04)3015 (58.56)15-45 years

526 (28.73)872 (26.28)1398 (27.15)46-60 years

282 (15.40)454 (13.68)736 (14.29)>60 years

<.001Marital status

294 (16.06)669 (20.16)963 (18.70)Single

1537 (83.94)2649 (79.84)4186 (81.30)Married

0.12Area

389 (21.25)767 (23.12)1156 (22.45)Rural

1442 (78.75)2551 (76.88)3993 (77.55)Urban

<.001Education level

447 (24.41)1029 (31.01)1476 (28.67)Junior high school or below

551 (30.09)996 (30.02)1547 (30.04)Senior high school

267 (14.58)459 (13.83)726 (14.10)3-year college

566 (30.91)834 (25.14)1400 (27.19)Bachelor’s or above

<.001Annual household income per capitaa

172 (9.39)406 (12.24)578 (11.23)<10k

529 (28.89)1071 (32.28)1600 (31.07)10k-30k

420 (22.94)702 (21.16)1122 (21.79)30k-50k

710 (38.78)1139 (34.33)1849 (35.91)>50k

.79Employment

623 (34.03)1141 (34.39)1764 (34.26)Unemployed

1208 (65.97)2177 (65.61)3385 (65.74)Employed

.57Types of primary health insurance

837 (45.71)1494 (45.03)2331 (45.27)UEBMIb

918 (50.14)1702 (51.30)2620 (50.88)URBMIc

76 (4.15)122 (3.68)198 (3.85)Other

<.001Having commercial health insurance

1361 (74.33)2690 (81.07)4051 (78.68)No

470 (25.67)628 (18.93)1098 (21.32)Yes

.14Having at least 1 chronic disease

1457 (79.57)2697 (66.40)4154 (80.68)No

374 (20.43)621 (57.19)995 (19.32)Yes

.02Reported illness in the past 12 months

1416 (77.33)2659 (80.14)4075 (79.14)No

415 (22.67)659 (19.86)1074 (20.86)Yes

aIncome is reported in renminbi ¥. RMB ¥1=US $0.15641.
bUEBMI: urban employee basic medical insurance.
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cURBMI: urban-rural resident basic medical insurance.

Types of Online Health Information Searched
Respondents reported 1 or more different types of health
information they sought online. A majority of the respondents
(3654/5149, 70.79%) had used the internet to seek health science

popularization information, which was followed in popularity
by healthy behaviors (3567/5149, 69.28%), TCM, and medical
concerns (1703/5149, 33.07%). The prevalence of the searches
for the 4 types of online health information is shown in Table
3.

Table 3. Prevalence of types of online health information sought by the study participants.

Prevalence (N=5149), n (%)Types of online health information

3567 (69.28)Healthy behaviors

1703 (33.07)Medical concerns

1931 (37.50)Traditional Chinese medicine

3645 (70.79)Health science popularization

Sociodemographic Factors Associated With the Types
of OHIS
The results of the binary logistic regression models illustrated
sociodemographic differences in seeking the 4 types of online
health information (Table 4). Being male was significantly
associated with a lower possibility of seeking healthy behaviors
(AOR 0.69, 95% CI 0.61-0.78) and TCM (AOR 0.64, 95% CI
0.57-0.73). Compared with individuals aged between 15 and
45 years, middle-aged individuals were more likely to seek
TCM (AOR 1.86, 95% CI 1.61-2.15) and health science
popularization (AOR 1.20, 95% CI 1.02-1.40), while older
adults were more likely to seek information for medical concerns
(AOR 1.40, 95% CI 1.12-1.76) and TCM (AOR 2.16, 95% CI
1.72-2.70). Compared with single respondents, married
respondents were more likely to seek TCM (AOR 1.22, 95%
CI 1.03-1.44) and health science popularization (AOR 1.20,
95% CI 1.02-1.41) but were less likely to seek healthy behaviors
(AOR 0.67, 95% CI 0.56-0.80). Living in urban China was
associated with increased odds of seeking TCM (AOR 1.23,
95% CI 1.01-1.52). Higher education attainment was correlated
with a higher possibility of seeking healthy behaviors (3-year
college: AOR 1.56, 95% CI 1.26-1.95; bachelor’s or above:

AOR 1.33, 95% CI 1.10-1.62), medical concerns (senior high
school: AOR 1.19, 95% CI 1.01-1.39; bachelor’s or above:
AOR 1.46, 95% CI 1.20-1.77), and health science popularization
(bachelor’s or above: AOR 1.50, 95% CI 1.23-1.83). Lower
annual household income per capita was associated with
increased odds of seeking healthy behaviors (RMB ¥10k-30:
AOR 1.21, 95% CI 1.02-1.44) but decreased odds of seeking
TCM (<RMB ¥10k: AOR 0.70, 95% CI 0.54-0.91; RMB
¥10k-30k: AOR 0.76, 95% CI 0.64-0.89). Respondents with
urban-rural resident basic medical insurance were less likely to
seek health science popularization than those with urban
employee basic medical insurance (AOR 0.86, 95% CI
0.74-1.00). Having commercial health insurance was associated
with a higher possibility to seek healthy behaviors (AOR 1.55,
95% CI 1.32-1.83) and TCM (AOR 1.27, 95% CI 1.10-1.47)
but a lower possibility to seek medical concerns (AOR 0.82,
95% CI 0.70-0.95) and health science popularization (AOR
0.83, 95% CI 0.71-0.96). Individuals who had at least 1 chronic
disease were more likely to seek medical concerns (AOR 1.27,
95% CI 1.07-1.51) and TCM (AOR 1.26, 95% CI 1.06-1.49).
Similarly, those who reported illness during the past 12 months
were also more likely to seek medical concerns (AOR 1.41,
95% CI 1.21-1.65) and TCM (AOR 1.17, 95% CI 1.00-1.38).
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Table 4. Binary logistic regression models for AORs and 95% CIs of reporting the search for each type of online health information.

Health science popularization,
AOR (95% CI)

Traditional Chinese
medicine, AOR (95% CI)

Medical concerns, AOR
(95% CI)

Healthy behaviors, AORa

(95% CI)Sociodemographic Characteristics

Gender

Female (Refb)

1.13 (1.00-1.28)0.64 (0.57-0.73)**1.11 (0.98-1.25)0.69 (0.61-0.78)**Male

Age

15-45 years (Ref)

1.20 (1.02-1.40)*1.86 (1.61-2.15)**0.93 (0.80-1.08)1.07 (0.92-1.25)46-60 years

1.14 (0.90-1.46)2.16 (1.72-2.70)**1.40 (1.12-1.76)**0.85 (0.67-1.07)>60 years

Marital status

Single (Ref)

1.20 (1.02-1.41)*1.22 (1.03-1.44)*1.17 (0.99-1.37)0.67 (0.56-0.80)**Married

Area

Rural (Ref)

1.05 (0.85-1.29)1.23 (1.01-1.52)*0.95 (0.77-1.16)0.97 (0.79-1.19)Urban

Education level

Junior high school or below (Ref)

1.14 (0.97-1.34)1.04 (0.89-1.22)1.19 (1.01-1.40)*1.16 (0.99-1.37)Senior high school

1.19 (0.96-1.48)1.05 (0.85-1.29)1.21 (0.98-1.50)1.56 (1.26-1.95)**3-year college

1.50 (1.23-1.83)**0.89 (0.74-1.08)1.46 (1.20-1.77)**1.33 (1.10-1.62)**Bachelor’s or above

Annual household income per capitac

>50k (Ref)

0.99 (0.76-1.28)0.70 (0.54-0.91)**0.84 (0.65-1.09)0.94 (0.72-1.21)<10k

1.11 (0.94-1.32)0.76 (0.64-0.89)**1.03 (0.87-1.22)1.21 (1.02-1.44)*10k-30k

1.19 (1.00-1.41)1.01 (0.86-1.19)1.09 (0.92-1.28)1.17 (0.98-1.38)30k-50k

Employment

Unemployed (Ref)

0.92 (0.78-1.07)1.12 (0.96-1.31)1.10 (0.94-1.29)0.88 (0.75-1.04)Employed

Types of primary health insurance

Urban employee basic medical insurance (Ref)

0.86 (0.74-1.00)*1.06 (0.92-1.22)1.05 (0.91-1.21)0.96 (0.83-1.11)URBMId

0.69 (0.50-0.94)*0.79 (0.58-1.09)1.12 (0.81-1.53)0.93 (0.67-1.29)Other

Having commercial health insurance

No (Ref)

0.83 (0.71-0.96)*1.27 (1.10-1.47)**0.82 (0.70-0.95)*1.55 (1.32-1.83)**Yes

Having at least 1 chronic disease

No (Ref)

0.96 (0.80-1.15)1.26 (1.06-1.49)**1.27 (1.07-1.51)*1.02 (0.85-1.22)Yes

Reported illness during the past 12 months

No (Ref)

1.09 (0.93-1.29)1.17 (1.00-1.38)*1.41 (1.21-1.65)**0.88 (0.75-1.03)Yes

aAOR: adjusted odds ratio.
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bRef: reference group.
cIncome is reported in renminbi ¥. RMB ¥1=US $0.15641.
dURBMI: urban-rural resident basic medical insurance.
*P<.05; **P<.01.

Discussion

Principal Findings and Comparison With Prior Work
In this population-based study, we examined the
sociodemographic differences in frequency of OHIS and types
of online health information sought among the general
population in China. This study corroborated the findings of a
great deal of previous work in that individuals who were female,
better educated, and had a higher household income were
positively associated with OHIS [17,18,20,23]. The differences
in frequency of OHIS among socioeconomically defined groups
implied that inequality in health communication might also exist
in China, which was consistent with findings of a previous study
from Hong Kong [29]. We also found that living areas had no
significant difference between infrequent and frequent online
health information seekers, while this difference might exist
between seekers and nonseekers [20]. In addition, the
sociodemographic characteristics included in the analysis were
not consistently associated with the types of online health
information sought among the Chinese population.

One unanticipated finding is that respondents who frequently
sought online health information were more likely to be
middle-aged or older adults. This result deviated from the bulk
of previous studies, which showed that younger age groups
preferred the internet as a source of health information
[17,20,23]. Regardless of sources, however, individuals with
older age are more likely to search for health information [4,29].
Moreover, a study from Hong Kong found that older adults
were more frequently exposed to health information from instant
messaging such as WeChat [42]. Given that our study
participants were those who had already searched on the internet
for health information, a possible reason for this discrepancy is
that once older adults have obtained access to online health
information, they are likely to seek it more frequently than are
younger individuals, thus suggesting the strong demand for
health information among middle-aged or older adults in China.
However, additional research effort is needed to verify this
hypothesis further. As the population ages in China, the health
department of the government and other health organizations
should take the internet into account as an effective resource to
intervene with the older adults’ health behaviors. Given that
digital health is not reaching all seniors equally and that this
disparity probably results in differences in health outcomes [23],
the skills and knowledge of older adults should be reinforced
so that more of them can use and benefit from online health
information. We also found that the married group had a higher
proportion of frequent seekers of online health information,
suggesting that married respondents might also seek health
information for their family members. A study among German
older adults found that internet users were more likely to be
married or with a partner [46]. Another study revealed that
middle-aged adults were most likely to use the internet to search
for information about a condition of a loved one [47]. The

association between marital status and the frequency of OHIS
may coincide with the association between age and the
frequency of OHIS, which may also mean that older people
seek out health information for themselves as well as for their
partners [47]. Therefore, meeting the health information needs
of older adults (eg, information on medical concerns and TCM)
is beneficial not only for themselves but also for their partners.

Health science popularization was the most searched for type
of online health information among Chinese respondents, and
medical concerns was the least searched for type of information.
Conversely, earlier literature mostly reported that medical
information was the most searched for type of online information
[19,30]. This discrepancy may have several causes. On the one
hand, the cultural differences between China and other countries,
especially Western countries, might have played a role. In recent
years, the National Health Commission of China has encouraged
the dissemination of health science popularization information
in various ways [45]. The increasing popularity of social media
and the ever-growing number of official accounts of health
science popularization might have attracted many Chinese
netizens to follow such information. For instance, by comparing
Americans and Hong Kongers, one study revealed that the latter
were more likely to trust and use information from social
websites [48]. On the other hand, only a minority of respondents
in our study had a chronic disease (995/5149, 19.32%) or
reported illness in the past 12 months (1074/5149, 20.86%), but
they were found more likely to seek information about medical
concerns. In addition, the results also showed that respondents
over 60 years of age were more likely to seek information about
medical concerns, but only 14.29% (736/5149) of the study
participants were over 60 years old.

Consistent with previous studies, our study confirmed that
people facing health challenges preferred medical information
rather than information on healthy behaviors [10,32], which
indicated that individuals with more health risks were more
eager to improve their current health status. Therefore, people’s
preferences for health information may be influenced by distinct
motivations [49]. More research needs to be conducted to
understand Chinese people’s motivation in searching for OHIS.
Information on healthy behaviors was found to be more likely
to be sought by female or better-educated respondents, which
was broadly in line with previous studies [50-52]. Our study
also found that single respondents were more likely to seek
information on healthy behaviors. The sociodemographic
differences in preferences for online health information highlight
the importance of distinguishing online health information
seekers when tailoring and presenting needed information to
targeted users.

Information on TCM was more likely to attract attention from
older adults, especially older women with chronic diseases. A
cross-sectional study focused on older adults in Shanghai
indicated that females were more likely to trust and use TCM
[53]. Another study showed that having chronic lung disease
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was significantly associated with higher TCM practitioner
utilization [54]. Indeed, having a chronic condition was
identified as one of the main factors that induced people to use
TCM in China [55]. As the significant factors found in our study
were consistent with those in several previous studies, the
preference for online health information about TCM might
partly reflect the preference for the use of TCM. Our findings
also showed that 37.5% of the respondents had sought TCM
information, while a study investigating OHIS behavior of
Chinese college students reported that only 15.6% sought TCM
information online [44]. Given that TCM is widely accepted
and used among the middle-aged and older Chinese population
[55], along with the advantages of online health information
mentioned before, we believe the provision of TCM-related
information on the internet may promote the use of TCM and
improve the management of chronic disease in China.

Limitations
Our study has several limitations. First, the content about the
motivation for OHIS (eg, for self-care, treating families, and
improving lifestyles) and health information sources on the
internet (eg, social media and professional websites) were not
surveyed, thus resulting in fewer details on the OHIS behavior
of Chinese internet users. Second, differences in online health
information type classification made our results difficult to

compare with those of previous studies. Finally, the research
from which this study originated was implemented in 2018. The
degree and diversity of internet use has grown since the
beginning of the COVID-19 epidemic in 2020. As internet
hospitals [56,57], health quick response codes, and antiepidemic
science popularization online have been developed and used
during the pandemic, the penetration rate of online health
information users, especially online medical service users,
continues to increase [33]. In addition, the status quo of OHIS
in China needs to be further investigated in future research.

Conclusions
This study enriches the current research on the OHIS behavior
of the Chinese population. Furthermore, it presents additional
knowledge that providers of online health information,
government health departments, and other organizations can
use. The significant factors found in our study highlight the
necessity of identifying the characteristics of the typical online
health information users in China, especially age, gender,
education level, marital status, and health status, when targeting
and developing health interventions by offering health
information on the internet. Those who provide health
information online should be aware of the needs of specific
population groups so that targeted strategies to promote health
are presented appropriately.

 

Acknowledgments
This study was funded by the National Natural Science Foundation of China (#71734003 and #72074087). The funder had no
role in the study design; collection, analysis, and interpretation of data; writing of the manuscript; decision to publish; or preparation
of the paper.

Authors' Contributions
ZHX, YT, and ZL designed this study; ZL coordinated with the local government and organized the process of data collection;
LZ assisted ZL to complete the data entry and quality control; ZHX analyzed the data and drafted the manuscript; YT, ZY, and
WCX helped to interpret the results and modified the manuscript, LZ critically revised the manuscript. All authors read and
approved the final manuscript.

Conflicts of Interest
None declared.

References
1. World internet users and 2021 population stats. Internet World Stats. URL: https://www.internetworldstats.com/stats.htm

[accessed 2021-04-16]
2. Cherrez Ojeda I, Vanegas E, Torres M, Calderón JC, Calero E, Cherrez A, et al. Ecuadorian cancer patients' preference for

information and communication technologies: cross-sectional study. J Med Internet Res 2018 Feb 20;20(2):e50 [FREE
Full text] [doi: 10.2196/jmir.8485] [Medline: 29463492]

3. Cash T, Desbrow B, Leveritt M, Ball L. Utilization and preference of nutrition information sources in Australia. Health
Expect 2015 Dec;18(6):2288-2295 [FREE Full text] [doi: 10.1111/hex.12198] [Medline: 24798108]

4. Khoong EC, Le GM, Hoskote M, Rivadeneira NA, Hiatt RA, Sarkar U. Health information-seeking behaviors and preferences
of a diverse, multilingual urban cohort. Med Care 2019 Jun;57 Suppl 6 Suppl 2:S176-S183 [FREE Full text] [doi:
10.1097/MLR.0000000000001050] [Medline: 31095058]

5. Jacobs W, Amuta AO, Jeon KC. Health information seeking in the digital age: an analysis of health information seeking
behavior among US adults. Cogent Social Sciences 2017 Mar 13;3(1):1302785. [doi: 10.1080/23311886.2017.1302785]

6. Peng Y, Yin P, Deng Z, Wang R. Patient-physician interaction and trust in online health community: the role of perceived
usefulness of health information and services. Int J Environ Res Public Health 2019 Dec 24;17(1):1-13 [FREE Full text]
[doi: 10.3390/ijerph17010139] [Medline: 31878145]

J Med Internet Res 2021 | vol. 23 | iss. 12 | e30855 | p.584https://www.jmir.org/2021/12/e30855
(page number not for citation purposes)

Xiong et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.internetworldstats.com/stats.htm
http://www.jmir.org/2018/2/e50/
http://www.jmir.org/2018/2/e50/
http://dx.doi.org/10.2196/jmir.8485
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29463492&dopt=Abstract
http://europepmc.org/abstract/MED/24798108
http://dx.doi.org/10.1111/hex.12198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24798108&dopt=Abstract
http://europepmc.org/abstract/MED/31095058
http://dx.doi.org/10.1097/MLR.0000000000001050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31095058&dopt=Abstract
http://dx.doi.org/10.1080/23311886.2017.1302785
https://www.mdpi.com/resolver?pii=ijerph17010139
http://dx.doi.org/10.3390/ijerph17010139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31878145&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


7. Tan SS, Goonawardene N. Internet Health Information Seeking and the Patient-Physician Relationship: A Systematic
Review. J Med Internet Res 2017 Jan 19;19(1):e9 [FREE Full text] [doi: 10.2196/jmir.5729] [Medline: 28104579]

8. Rider T, Malik M, Chevassut T. Haematology patients and the Internet--the use of on-line health information and the impact
on the patient-doctor relationship. Patient Educ Couns 2014 Nov;97(2):223-238. [doi: 10.1016/j.pec.2014.06.018] [Medline:
25053474]

9. Ayers SL, Kronenfeld JJ. Chronic illness and health-seeking information on the Internet. Health (London) 2007
Jul;11(3):327-347. [doi: 10.1177/1363459307077547] [Medline: 17606698]

10. Madrigal L, Escoffery C. Electronic health behaviors among us adults with chronic disease: cross-sectional survey. J Med
Internet Res 2019 Mar 05;21(3):e11240 [FREE Full text] [doi: 10.2196/11240] [Medline: 30835242]

11. Jin Y, Jing M, Zhang L, Song S, Ma X. Internet access and hypertension management among the elderly population: a
nationally representative cross-sectional survey in china. J Med Internet Res 2019 Jan 31;21(1):e11280 [FREE Full text]
[doi: 10.2196/11280] [Medline: 30702439]

12. Garfinkle R, Wong-Chong N, Petrucci A, Sylla P, Wexner SD, Bhatnagar S, et al. Assessing the readability, quality and
accuracy of online health information for patients with low anterior resection syndrome following surgery for rectal cancer.
Colorectal Dis 2019 May;21(5):523-531. [doi: 10.1111/codi.14548] [Medline: 30609222]

13. Storino A, Castillo-Angeles M, Watkins AA, Vargas C, Mancias JD, Bullock A, et al. Assessing the Accuracy and Readability
of Online Health Information for Patients With Pancreatic Cancer. JAMA Surg 2016 Sep 01;151(9):831-837. [doi:
10.1001/jamasurg.2016.0730] [Medline: 27144966]

14. Glenton C, Paulsen EJ, Oxman AD. Portals to Wonderland: health portals lead to confusing information about the effects
of health care. BMC Med Inform Decis Mak 2005 Mar 15;5:7 [FREE Full text] [doi: 10.1186/1472-6947-5-7] [Medline:
15769291]

15. Schulz PJ, Nakamoto K. Patient behavior and the benefits of artificial intelligence: the perils of "dangerous" literacy and
illusory patient empowerment. Patient Educ Couns 2013 Aug;92(2):223-228. [doi: 10.1016/j.pec.2013.05.002] [Medline:
23743214]

16. Varady NH, Dee EC, Katz JN. International assessment on quality and content of internet information on osteoarthritis.
Osteoarthritis Cartilage 2018 Aug;26(8):1017-1026. [doi: 10.1016/j.joca.2018.04.017] [Medline: 29758353]

17. Ghweeba M, Lindenmeyer A, Shishi S, Abbas M, Waheed A, Amer S. What Predicts Online Health Information-Seeking
Behavior Among Egyptian Adults? A Cross-Sectional Study. J Med Internet Res 2017 Jun 22;19(6):e216 [FREE Full text]
[doi: 10.2196/jmir.6855] [Medline: 28642216]

18. Wang X, Shi J, Lee K. The digital divide and seeking health information on smartphones in asia: a profile of users. J Med
Internet Res Preprint posted online September 03, 2020.. [doi: 10.2196/preprints.24086]

19. Li J, Theng Y, Foo S. Predictors of online health information seeking behavior: changes between 2002 and 2012. Health
Informatics J 2015 Aug 10;22(4):804-814. [doi: 10.1177/1460458215595851] [Medline: 26261218]

20. Din HN, McDaniels-Davidson C, Nodora J, Madanat H. Profiles of a Health Information-Seeking Population and the
Current Digital Divide: Cross-Sectional Analysis of the 2015-2016 California Health Interview Survey. J Med Internet Res
2019 May 14;21(5):e11931 [FREE Full text] [doi: 10.2196/11931] [Medline: 31094350]

21. Asan O, Cooper Ii F, Nagavally S, Walker RJ, Williams JS, Ozieh MN, et al. Preferences for Health Information Technologies
Among US Adults: Analysis of the Health Information National Trends Survey. J Med Internet Res 2018 Oct 18;20(10):e277
[FREE Full text] [doi: 10.2196/jmir.9436] [Medline: 30341048]

22. Massey PM, Langellier BA, Sentell T, Manganello J. Nativity and language preference as drivers of health information
seeking: examining differences and trends from a U.S. population-based survey. Ethn Health 2017 Dec;22(6):596-609.
[doi: 10.1080/13557858.2016.1244745] [Medline: 27766894]

23. Sedrak MS, Soto-Perez-De-Celis E, Nelson RA, Liu J, Waring ME, Lane DS, et al. Online Health Information-Seeking
Among Older Women With Chronic Illness: Analysis of the Women's Health Initiative. J Med Internet Res 2020 Apr
09;22(4):e15906 [FREE Full text] [doi: 10.2196/15906] [Medline: 32271152]

24. Sherman LD, Patterson MS, Tomar A, Wigfall LT. Use of Digital Health Information for Health Information Seeking
Among Men Living With Chronic Disease: Data From the Health Information National Trends Survey. Am J Mens Health
2020;14(1):1557988320901377 [FREE Full text] [doi: 10.1177/1557988320901377] [Medline: 31973642]

25. Wang X, Shi J, Kong H. Online health information seeking: a review and meta-analysis. Health Commun 2020 Apr 14:1-13.
[doi: 10.1080/10410236.2020.1748829] [Medline: 32290679]

26. Chen J, Zhu S. Online Information Searches and Help Seeking for Mental Health Problems in Urban China. Adm Policy
Ment Health 2015 May 16;43(4):535-546. [doi: 10.1007/s10488-015-0657-6] [Medline: 25981055]

27. Cotten SR, Gupta SS. Characteristics of online and offline health information seekers and factors that discriminate between
them. Soc Sci Med 2004 Nov;59(9):1795-1806. [doi: 10.1016/j.socscimed.2004.02.020] [Medline: 15312915]

28. Tsai M, Chou Y, Lin S, Lin S. Factors associated with adolescents' perspectives on health needs and preference for health
information sources in Taiwan. Arch Dis Child 2013 Jan;98(1):9-15. [doi: 10.1136/archdischild-2012-301629] [Medline:
22820106]

J Med Internet Res 2021 | vol. 23 | iss. 12 | e30855 | p.585https://www.jmir.org/2021/12/e30855
(page number not for citation purposes)

Xiong et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.jmir.org/2017/1/e9/
http://dx.doi.org/10.2196/jmir.5729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28104579&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2014.06.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25053474&dopt=Abstract
http://dx.doi.org/10.1177/1363459307077547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17606698&dopt=Abstract
http://www.jmir.org/2019/3/e11240/
http://dx.doi.org/10.2196/11240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30835242&dopt=Abstract
https://www.jmir.org/2019/1/e11280/
http://dx.doi.org/10.2196/11280
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30702439&dopt=Abstract
http://dx.doi.org/10.1111/codi.14548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30609222&dopt=Abstract
http://dx.doi.org/10.1001/jamasurg.2016.0730
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27144966&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-5-7
http://dx.doi.org/10.1186/1472-6947-5-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15769291&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2013.05.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23743214&dopt=Abstract
http://dx.doi.org/10.1016/j.joca.2018.04.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29758353&dopt=Abstract
http://www.jmir.org/2017/6/e216/
http://dx.doi.org/10.2196/jmir.6855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28642216&dopt=Abstract
http://dx.doi.org/10.2196/preprints.24086
http://dx.doi.org/10.1177/1460458215595851
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26261218&dopt=Abstract
https://www.jmir.org/2019/5/e11931/
http://dx.doi.org/10.2196/11931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31094350&dopt=Abstract
http://www.jmir.org/2018/10/e277/
http://dx.doi.org/10.2196/jmir.9436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30341048&dopt=Abstract
http://dx.doi.org/10.1080/13557858.2016.1244745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27766894&dopt=Abstract
https://www.jmir.org/2020/4/e15906/
http://dx.doi.org/10.2196/15906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32271152&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/1557988320901377?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/1557988320901377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31973642&dopt=Abstract
http://dx.doi.org/10.1080/10410236.2020.1748829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32290679&dopt=Abstract
http://dx.doi.org/10.1007/s10488-015-0657-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25981055&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2004.02.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15312915&dopt=Abstract
http://dx.doi.org/10.1136/archdischild-2012-301629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22820106&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


29. Wang MP, Viswanath K, Lam TH, Wang X, Chan SS. Social determinants of health information seeking among Chinese
adults in Hong Kong. PLoS One 2013;8(8):e73049 [FREE Full text] [doi: 10.1371/journal.pone.0073049] [Medline:
24009729]

30. Ramsey I, Corsini N, Peters MDJ, Eckert M. A rapid review of consumer health information needs and preferences. Patient
Educ Couns 2017 Sep;100(9):1634-1642. [doi: 10.1016/j.pec.2017.04.005] [Medline: 28442155]

31. Wong DK, Cheung M. Online Health Information Seeking and eHealth Literacy Among Patients Attending a Primary Care
Clinic in Hong Kong: A Cross-Sectional Survey. J Med Internet Res 2019 Mar 27;21(3):e10831 [FREE Full text] [doi:
10.2196/10831] [Medline: 30916666]

32. Weaver JB, Mays D, Weaver SS, Hopkins GL, Eroglu D, Bernhardt JM. Health information-seeking behaviors, health
indicators, and health risks. Am J Public Health 2010 Aug;100(8):1520-1525. [doi: 10.2105/AJPH.2009.180521] [Medline:
20558794]

33. The 47th statistical report on China’s internet development. China Internet Network Information Center. URL: https://www.
cnnic.com.cn/IDR/ReportDownloads/202104/P020210420557302172744.pdf [accessed 2021-04-22]

34. Maslen S, Lupton D. "You can explore it more online": a qualitative study on Australian women's use of online health and
medical information. BMC Health Serv Res 2018 Dec 03;18(1):916 [FREE Full text] [doi: 10.1186/s12913-018-3749-7]
[Medline: 30509261]

35. Freeman JL, Caldwell PHY, Scott KM. The Role of Trust When Adolescents Search for and Appraise Online Health
Information. J Pediatr 2020 Jun;221:215-223.e5. [doi: 10.1016/j.jpeds.2020.02.074] [Medline: 32446485]

36. Chae J, Lee C, Jensen JD. Correlates of Cancer Information Overload: Focusing on Individual Ability and Motivation.
Health Commun 2016;31(5):626-634. [doi: 10.1080/10410236.2014.986026] [Medline: 26512760]

37. Soroya SH, Farooq A, Mahmood K, Isoaho J, Zara S. From information seeking to information avoidance: Understanding
the health information behavior during a global health crisis. Inf Process Manag 2021 Mar;58(2):102440 [FREE Full text]
[doi: 10.1016/j.ipm.2020.102440] [Medline: 33281273]

38. Tang C, Wu X, Chen X, Pan B, Yang X. Examining income-related inequality in health literacy and health-information
seeking among urban population in China. BMC Public Health 2019 Feb 21;19(1):221 [FREE Full text] [doi:
10.1186/s12889-019-6538-2] [Medline: 30791882]

39. Li Z, Zhang L. Poverty and health-related quality of life: a cross-sectional study in rural China. Health Qual Life Outcomes
2020 May 26;18(1):153 [FREE Full text] [doi: 10.1186/s12955-020-01409-w] [Medline: 32456683]

40. Xu W, Li Z, Pan Z, He R, Zhang L. Prevalence and associated factors of self-treatment behaviour among different elder
subgroups in rural China: a cross-sectional study. Int J Equity Health 2020 Mar 12;19(1):32 [FREE Full text] [doi:
10.1186/s12939-020-1148-2] [Medline: 32164667]

41. An analysis report of the National Health Services Survey in China, 2013. Center for Health Statistics and Information.
2015. URL: http://www.nhc.gov.cn/ewebeditor/uploadfile/2016/10/20161026163512679.pdf [accessed 2021-04-22]

42. Shen C, Wang MP, Wan A, Viswanath K, Chan SSC, Lam TH. Health information exposure from information and
communication technologies and its associations with health behaviors: Population-based survey. Prev Med 2018
Aug;113:140-146. [doi: 10.1016/j.ypmed.2018.05.018] [Medline: 29787775]

43. Woltz DJ, Gardner MK, Kircher JC, Burrow-Sanchez JJ. Relationship between perceived and actual frequency represented
by common rating scale labels. Psychol Assess 2012 Dec;24(4):995-1007. [doi: 10.1037/a0028693] [Medline: 22642441]

44. Zhang D, Zhan W, Zheng C, Zhang J, Huang A, Hu S, et al. Online health information-seeking behaviors and skills of
Chinese college students. BMC Public Health 2021 Apr 15;21(1):736 [FREE Full text] [doi: 10.1186/s12889-021-10801-0]
[Medline: 33858389]

45. Notification of the National Health Commission on printing the guidelines of generating and spreading health science
popularization information. National Health Commission of the People's Republic of China. 2015 Aug 11. URL: http:/
/www.nhc.gov.cn/cms-search/xxgk/getManuscriptXxgk.htm?id=5fe32b5a1a8243e2bd819f9eeebfd8b1 [accessed 2021-08-15]

46. Quittschalle J, Stein J, Luppa M, Pabst A, Löbner M, Koenig H, et al. Internet Use in Old Age: Results of a German
Population-Representative Survey. J Med Internet Res 2020 Nov 23;22(11):e15543 [FREE Full text] [doi: 10.2196/15543]
[Medline: 33226351]

47. Ybarra M, Suman M. Reasons, assessments and actions taken: sex and age differences in uses of Internet health information.
Health Educ Res 2008 Jun;23(3):512-521 [FREE Full text] [doi: 10.1093/her/cyl062] [Medline: 16880222]

48. Song H, Omori K, Kim J, Tenzek KE, Morey HJ, Lin W, et al. Trusting Social Media as a Source of Health Information:
Online Surveys Comparing the United States, Korea, and Hong Kong. J Med Internet Res 2016 Mar 14;18(3):e25 [FREE
Full text] [doi: 10.2196/jmir.4193] [Medline: 26976273]

49. Dutta-Bergman MJ. Health attitudes, health cognitions, and health behaviors among Internet health information seekers:
population-based survey. J Med Internet Res 2004 May 28;6(2):e15 [FREE Full text] [doi: 10.2196/jmir.6.2.e15] [Medline:
15249264]

50. Pollard CM, Pulker CE, Meng X, Kerr DA, Scott JA. Who Uses the Internet as a Source of Nutrition and Dietary Information?
An Australian Population Perspective. J Med Internet Res 2015 Aug 26;17(8):e209 [FREE Full text] [doi: 10.2196/jmir.4548]
[Medline: 26310192]

J Med Internet Res 2021 | vol. 23 | iss. 12 | e30855 | p.586https://www.jmir.org/2021/12/e30855
(page number not for citation purposes)

Xiong et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.plos.org/10.1371/journal.pone.0073049
http://dx.doi.org/10.1371/journal.pone.0073049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24009729&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2017.04.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28442155&dopt=Abstract
http://www.jmir.org/2019/3/e10831/
http://dx.doi.org/10.2196/10831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30916666&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2009.180521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20558794&dopt=Abstract
https://www.cnnic.com.cn/IDR/ReportDownloads/202104/P020210420557302172744.pdf
https://www.cnnic.com.cn/IDR/ReportDownloads/202104/P020210420557302172744.pdf
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-018-3749-7
http://dx.doi.org/10.1186/s12913-018-3749-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30509261&dopt=Abstract
http://dx.doi.org/10.1016/j.jpeds.2020.02.074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32446485&dopt=Abstract
http://dx.doi.org/10.1080/10410236.2014.986026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26512760&dopt=Abstract
http://europepmc.org/abstract/MED/33281273
http://dx.doi.org/10.1016/j.ipm.2020.102440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33281273&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-019-6538-2
http://dx.doi.org/10.1186/s12889-019-6538-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30791882&dopt=Abstract
https://hqlo.biomedcentral.com/articles/10.1186/s12955-020-01409-w
http://dx.doi.org/10.1186/s12955-020-01409-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32456683&dopt=Abstract
https://equityhealthj.biomedcentral.com/articles/10.1186/s12939-020-1148-2
http://dx.doi.org/10.1186/s12939-020-1148-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32164667&dopt=Abstract
http://www.nhc.gov.cn/ewebeditor/uploadfile/2016/10/20161026163512679.pdf
http://dx.doi.org/10.1016/j.ypmed.2018.05.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29787775&dopt=Abstract
http://dx.doi.org/10.1037/a0028693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22642441&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-10801-0
http://dx.doi.org/10.1186/s12889-021-10801-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33858389&dopt=Abstract
http://www.nhc.gov.cn/cms-search/xxgk/getManuscriptXxgk.htm?id=5fe32b5a1a8243e2bd819f9eeebfd8b1
http://www.nhc.gov.cn/cms-search/xxgk/getManuscriptXxgk.htm?id=5fe32b5a1a8243e2bd819f9eeebfd8b1
https://www.jmir.org/2020/11/e15543/
http://dx.doi.org/10.2196/15543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33226351&dopt=Abstract
http://her.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=16880222
http://dx.doi.org/10.1093/her/cyl062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16880222&dopt=Abstract
http://www.jmir.org/2016/3/e25/
http://www.jmir.org/2016/3/e25/
http://dx.doi.org/10.2196/jmir.4193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26976273&dopt=Abstract
http://www.jmir.org/2004/2/e15/
http://dx.doi.org/10.2196/jmir.6.2.e15
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15249264&dopt=Abstract
http://www.jmir.org/2015/8/e209/
http://dx.doi.org/10.2196/jmir.4548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26310192&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


51. McCully SN, Don BP, Updegraff JA. Using the Internet to help with diet, weight, and physical activity: results from the
Health Information National Trends Survey (HINTS). J Med Internet Res 2013;15(8):e148 [FREE Full text] [doi:
10.2196/jmir.2612] [Medline: 23906945]

52. Visschers VH, Hartmann C, Leins-Hess R, Dohle S, Siegrist M. A consumer segmentation of nutrition information use and
its relation to food consumption behaviour. Food Policy 2013 Oct;42:71-80. [doi: 10.1016/j.foodpol.2013.07.003]

53. Xin B, Mu S, Tan T, Yeung A, Gu D, Feng Q. Belief in and use of traditional Chinese medicine in Shanghai older adults:
a cross-sectional study. BMC Complement Med Ther 2020 Apr 28;20(1):128 [FREE Full text] [doi:
10.1186/s12906-020-02910-x] [Medline: 32345283]

54. Aw JYH, Yiengprugsawan VS, Gong CH. Utilization of Traditional Chinese Medicine Practitioners in Later Life in Mainland
China. Geriatrics (Basel) 2019 Aug 25;4(3):1-15 [FREE Full text] [doi: 10.3390/geriatrics4030049] [Medline: 31450713]

55. Liu T, Li X, Zou Z, Li C. The Prevalence and Determinants of Using Traditional Chinese Medicine Among Middle-aged
and Older Chinese Adults: Results From the China Health and Retirement Longitudinal Study. J Am Med Dir Assoc 2015
Nov 01;16(11):1002.e1-1002.e5. [doi: 10.1016/j.jamda.2015.07.011] [Medline: 26344870]

56. Xu X, Cai Y, Wu S, Guo J, Yang L, Lan J, et al. Assessment of Internet Hospitals in China During the COVID-19 Pandemic:
National Cross-Sectional Data Analysis Study. J Med Internet Res 2021 Jan 20;23(1):e21825 [FREE Full text] [doi:
10.2196/21825] [Medline: 33417586]

57. Gong K, Xu Z, Cai Z, Chen Y, Wang Z. Internet Hospitals Help Prevent and Control the Epidemic of COVID-19 in China:
Multicenter User Profiling Study. J Med Internet Res 2020 Apr 14;22(4):e18908 [FREE Full text] [doi: 10.2196/18908]
[Medline: 32250962]

Abbreviations
AOR: adjusted odds ratio
OHIS: online health information seeking
TCM: traditional Chinese medicine

Edited by R Kukafka; submitted 01.06.21; peer-reviewed by Q Yao, X Wang, J Quittschalle; comments to author 04.08.21; revised
version received 08.09.21; accepted 29.10.21; published 02.12.21.

Please cite as:
Xiong Z, Zhang L, Li Z, Xu W, Zhang Y, Ye T
Frequency of Online Health Information Seeking and Types of Information Sought Among the General Chinese Population:
Cross-sectional Study
J Med Internet Res 2021;23(12):e30855
URL: https://www.jmir.org/2021/12/e30855 
doi:10.2196/30855
PMID:34860676

©Zihui Xiong, Liang Zhang, Zhong Li, Wanchun Xu, Yan Zhang, Ting Ye. Originally published in the Journal of Medical Internet
Research (https://www.jmir.org), 02.12.2021. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The
complete bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright and
license information must be included.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e30855 | p.587https://www.jmir.org/2021/12/e30855
(page number not for citation purposes)

Xiong et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.jmir.org/2013/8/e148/
http://dx.doi.org/10.2196/jmir.2612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23906945&dopt=Abstract
http://dx.doi.org/10.1016/j.foodpol.2013.07.003
https://bmccomplementmedtherapies.biomedcentral.com/articles/10.1186/s12906-020-02910-x
http://dx.doi.org/10.1186/s12906-020-02910-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32345283&dopt=Abstract
https://www.mdpi.com/resolver?pii=geriatrics4030049
http://dx.doi.org/10.3390/geriatrics4030049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31450713&dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2015.07.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26344870&dopt=Abstract
https://www.jmir.org/2021/1/e21825/
http://dx.doi.org/10.2196/21825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33417586&dopt=Abstract
https://www.jmir.org/2020/4/e18908/
http://dx.doi.org/10.2196/18908
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32250962&dopt=Abstract
https://www.jmir.org/2021/12/e30855
http://dx.doi.org/10.2196/30855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34860676&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Content and Dynamics of Websites Shared Over Vaccine-Related
Tweets in COVID-19 Conversations: Computational Analysis

Iain Cruickshank1*, BSc, MSc, PhD; Tamar Ginossar2*, BA, MA, PhD; Jason Sulskis3*, BSc, MSc; Elena Zheleva3*,

BSc, MSc, PhD; Tanya Berger-Wolf3,4*, BSc, PhD
1Center for Computational Analysis of Social and Organizational Systems, Carnegie Mellon University, Pittsburgh, PA, United States
2Department of Communication and Journalism, University of New Mexico, Albuquerque, NM, United States
3Department of Computer Science, The University of Illinois at Chicago, Chicago, IL, United States
4Translational Data Analytics Institute, The Ohio State University, Colombus, OH, United States
*all authors contributed equally

Corresponding Author:
Iain Cruickshank, BSc, MSc, PhD
Center for Computational Analysis of Social and Organizational Systems
Carnegie Mellon University
5000 Forbes Ave
Pittsburgh, PA, 15201
United States
Phone: 1 7192371515
Email: icruicks@andrew.cmu.edu

Abstract

Background: The onset of the COVID-19 pandemic and the consequent “infodemic” increased concerns about Twitter’s role
in advancing antivaccination messages, even before a vaccine became available to the public. New computational methods allow
for analysis of cross-platform use by tracking links to websites shared over Twitter, which, in turn, can uncover some of the
content and dynamics of information sources and agenda-setting processes. Such understanding can advance theory and efforts
to reduce misinformation.

Objective: Informed by agenda-setting theory, this study aimed to identify the content and temporal patterns of websites shared
in vaccine-related tweets posted to COVID-19 conversations on Twitter between February and June 2020.

Methods: We used triangulation of data analysis methods. Data mining consisted of the screening of around 5 million tweets
posted to COVID-19 conversations to identify tweets that related to vaccination and including links to websites shared within
these tweets. We further analyzed the content the 20 most-shared external websites using a mixed methods approach.

Results: Of 841,896 vaccination-related tweets identified, 185,994 (22.1%) contained links to specific websites. A wide range
of websites were shared, with the 20 most-tweeted websites constituting 14.5% (27,060/185,994) of the shared websites and
typically being shared for only 2 to 3 days. Traditional media constituted the majority of these 20 websites, along with other
social media and governmental sources. We identified markers of inauthentic propagation for some of these links.

Conclusions: The topic of vaccination was prevalent in tweets about COVID-19 early in the pandemic. Sharing websites was
a common communication strategy, and its “bursty” pattern and inauthentic propagation strategies pose challenges for health
promotion efforts. Future studies should consider cross-platform use in dissemination of health information and in counteracting
misinformation.

(J Med Internet Res 2021;23(12):e29127)   doi:10.2196/29127
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Introduction

Misinformation over social media contributes to the global
growth in vaccine hesitancy. The World Health Organization
(WHO) defined vaccine hesitancy as the “delay in acceptance
or refusal of vaccines despite availability of vaccine services”
[1] and declared it as one of the top 10 global health challenges
in 2019, just before the outbreak of COVID-19 [2]. The
“infodemic” that ensued as a response to the pandemic enhanced
concerns about the rise of vaccine hesitancy in the 21st century
[3] and about the key role that social media play in dissemination
of vaccine-related misinformation [3]. Vaccine hesitancy
discourse on social media does not represent just individual
behavior. These messages are often part of concentrated
disinformation efforts, intentionally promoted by nationalist
right-wing politicians [4] and specific antivaccination leaders
and “celebrities” [5,6]. Researchers also documented the efforts
of foreign governments aiming to destabilize democratic
processes by eroding the public trust in social institutions,
including public health sources and the mainstream media [7-9].
With the COVID-19 pandemic, an increase was documented in
the volume of misinformation on social media, including
antivaccination propaganda [3,10-14]. Early in the pandemic,
public health officials were concerned that the pandemic and
the response to it led to worries about a global decrease in access
to and acceptance of childhood and other vaccinations. In
addition, public health efforts centered on developing a vaccine
as a central strategy for ending the pandemic. Therefore, public
trust in the safety and efficacy of vaccinations was considered
paramount. Examining discourse on vaccination on social media
is key to understanding public sentiments and to identifying the
specific strategies used by different users, including
antivaccination advocates, to erode trust in vaccinations.

Twitter has documented importance in setting the public and
political players’agendas [15], including in vaccinations [16,17].
According to agenda-setting theory [18], issues that are
presented in the media frequently and prominently gain
perceived salience by audiences. This salience is important as
it impacts political agenda and policy making. According to
Langer and Gruber (page 314) [19], “Unless an issue gets into
the political agenda, it will not be discussed, debated in the
legislature or acted upon by the government...news coverage is
an important factor in making policy change more likely.” The
theory was created to describe processes of traditional media,
and specifically of legacy news. Traditional media, or old media,
refer to the centralized mass media institutions that predated
the information age, including print, television, radio
broadcasting, studio-produced movies, and large advertising
firms, among others [20,21]. In contrast to traditional media
communication that was based on one-way technologies, new
media are based on interactive and largely decentralized
computer technologies [22], with the internet as the delineating
telecommunication network [23].

Contrary to predictions about the death of traditional media in
the age of the internet, and particularly following the rise of
social media, studies indicate that they remain important.
Traditional media have documented synergy with social media
that amplify their mutual impact on the agenda in intermediate

agenda-setting processes [19]. Research on the role of mass
media during pandemics is fragmented, but a recent study that
used computational methods in exploring the role of the media
in covering pandemics revealed limited coverage of
governmental health sources and frameworks [24]. This media
coverage is important in influencing community behaviors. For
instance, a study of COVID-19 coverage and behavior in Italy
showed that the frames used by the news media influenced
changes in community mobility significantly more than the
effect of the number of daily death reports [25]. Moreover,
whereas the most common source type for COVID-19
information seeking online was media outlets followed by
governmental sources, governmental sources were the most
likely to meet medical benchmark criteria for quality [26].

Studies on Twitter’s role in political agenda setting revealed an
intermediate effect, in which the agendas of traditional media
and Twitter were dissimilar, but exerted mutual influences [15].
However, past studies did not examine such processes in the
context of vaccination-related tweets. Due to Twitter’s role in
spreading health information and misinformation [27],
understanding vaccination-related content and agenda-setting
processes on this social platform can advance public health
research and knowledge and inform future interventions.

Studies that used surveys to examine individual beliefs and
intentions yielded important information on how audiences
make sense of novel vaccines in the face of emerging pandemics,
including their use of mental frameworks from previously
known vaccines [28]. However, surveys are limited due to
human recall and by access to participants. It is, therefore,
pertinent to analyze the content and dynamics of social media
that individuals create, share, and consume. New computational
approaches to analyzing big data allow for analysis of
communication about vaccination over social media in
unprecedented ways [29-33].

Several studies documented the role of Twitter in disseminating
vaccine-related misinformation prior to the current pandemic
[8,34-38]. However, few studies examined patterns of this
discourse. Notably, Twitter discourse about vaccination was
reported as featuring heterogeneous conversations that were not
dominated by particular subjects, sources, or users. Information
sources that were tweeted frequently included health-specific
sites, national media, medical organizations, and digital news
aggregators [16]. A more recent COVID-19–related study [13]
revealed that the largest single topic of Twitter conversations
included comparisons between COVID-19 and influenza.
Propagation of misinformation was observed in both previously
known and new vaccine-opposing sources [13]. The study
established that known sources of vaccine communication
continued to engage in the topic early in the pandemic. However,
it was limited to analysis of tweets that were tweeted over the
course of one day. To get a more holistic picture of these
conversations, it is important to examine communication about
vaccination as part of Twitter’s COVID-19 discourse over
extended time frames.

An additional lacuna in research on vaccine-related
communication on social media involves its focus on single
social media platforms. Research documented that most social
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media users use multiple media sources and social media
platforms [39], and often go back and forth between different
platforms [40]. It is, therefore, important to explore
cross-platform use. Analysis of links to websites and the website
domains that are shared on tweets can provide information about
such cross-platform use and spread of information sources.
Specifically, including a URL in a tweet allows readers to link
to the website. For instance, most tweets that responded to
misinformation with cross-platform links during Hurricanes
Harvey and Irma focused on debunking misinformation and
used news source URLs in their response [41]. Hence, such
cross-platform use can serve to share information during a time
of crisis. Examination of website sharing in COVID-19
conversations documented both the importance of traditional
news sources and the propensity for virality of low-quality
sources. Whereas low-quality information sources were tweeted
at higher rates compared to high-quality health sources,
traditional news sources were shared at a much higher rate than
other sources [42]. Moreover, shared websites within COVID-19
Twitter conversations revealed users’ political stance [43], thus
lending more support to the close links between health and
political debates during the pandemic.

These previous studies underscored the potential importance of
cross-platform information sharing on Twitter. Analyzing both
the URLs and the domains shared as external content on Twitter
can provide insights into the type of specific content and
information sources included in social media messages about
vaccination. Despite this importance, vaccine-related
cross-platform use over Twitter received limited scholarly
attention. Examination of links to websites shared within
vaccination-related tweets early in the COVID-19 pandemic
can enrich knowledge by gaining a broader understanding of
this communication. Empirical implications of this knowledge
include informing strategies for evidence-based vaccine-related
message dissemination over social media. Moreover, it can shed
light on the role of traditional media in the era of social media,
as well as on how social media are used in cahoots with
vaccine-related communication and their dynamics over time.
Finally, in view of the documented role of inauthentic
propagation of vaccine-related content on Twitter [8,37] and in
COVID-19–related discussions [44], studies should go beyond
typologies of vaccine-related content [45] and understand
strategies employed in the spread of this content. New social
cybersecurity methods [46] can aid in such examinations.

The goal in this study was to examine website sharing in
vaccine-related tweets posted to COVID-19 conversations in
the 20 weeks following the declaration of the pandemic.
Specifically, we analyzed tweets that were posted from February
1 (two days after the WHO declared the outbreak of COVID-19
to be a Public Health Emergency of International Concern)
through June 23, 2020, and sought to examine the magnitude,
temporal patterns, and content of websites shared within these
tweets. This study will provide unique contributions to theory
and practice. Our examined time frame took place prior to the
development of the vaccine and the implementation of
COVID-19 vaccination campaigns. Therefore, tweets posted
during that period can indicate the degree to which vaccinations
were included in COVID-19–related discourse from its

inception. It will also reveal the information sources that were
promoted through cross-platform link sharing. These findings
have the potential to indicate the effectiveness of official health
sources in leading the agenda as health information providers
and the prominence of vaccine-opposing sources. It can also
uncover some of the tactics of the vaccination-opposing
movement over time and in response to this new, unexpected,
global health threat. This understanding is important for
advancing theories about the role of social media in public health
crises, as well as for informing future policies, interventions,
and dissemination of health information to address audiences’
informational and emotional needs.

Given the importance of vaccination-related discourse and
website sharing within COVID-19 Twitter conversations,
including an understanding of the sources of vaccination-related
information and their spread, we posed the following research
questions.

First, as this is, to our knowledge, the first study to examine
external content sharing in the context of vaccination in early
COVID-19 conversations, we were interested in understanding
the magnitude of external content, the degree to which
vaccinations were featured in conversations about COVID-19
early in the pandemic, and the prevalence and dynamics of
website sharing within these tweets.

Therefore, we posed the first research question: What are the
prevalence and dynamics of vaccination-related tweets,
including website sharing, posted between February 1 and June
23, 2020, as part of COVID-19 conversations, as evident in the
number of these tweets over time?

We were further interested in learning about agenda-setting
processes that are demonstrated in this relatively new social
media strategy of information source promotion. As websites’
domains, such as television networks, vlogs, or individual social
media accounts, represent specific information sources, we
aimed to learn about these sources and their characteristics.
Specifically, in view of the importance of information sources
in public health communication, we sought to identify the
sources of the websites that were shared most prominently in
the early months of the pandemic in tweets about vaccination
that were posted to COVID-19 Twitter conversations.

Therefore, the second research question was posed: What are
the characteristics of the 20 most-shared website domains?

In addition to the information sources, we were interested in
exploring the content of the most-shared information, as evident
in the 20 most-tweeted websites in our data set. The prominence
of these websites can stem from users being activated by the
content and their desire to share it. However, specific spread
strategies and coordinated efforts might also drive this
prominence. Therefore, we wanted to examine both the content
of the websites and the specific information that was shared in
this cross-platform modality, as well as their propagation.

Therefore, the third research question was posed: What
characterizes the content and spread of the 20 most-shared
websites?
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Methods

Data
The analysis encompassed two different data sets of
COVID-19–related tweets. The first data set was based on a
collection of tweet IDs gathered using general
COVID-19–related keywords, such as “coronavirus” and
“Wuhancoronavirus” [47]. We used “hydration” [48], a process
of gathering all the pertinent information about each tweet into
the JSON format file [49] via the Twitter search application
programming interface (API) [50], on all of these tweet IDs.
This process only populated data from tweets that were available
on Twitter at the time of hydration and would exclude banned
users or deleted tweets. This data set had around 1 million
tweets. The second data set included approximately 4.5 million
COVID-19–related tweets collected from January 29 to June

23, 2020, using Twitter’s streaming API [51,52]. Since these
tweets were collected in a streaming fashion, as they were
tweeted, it allowed for analysis of some tweets that were
otherwise no longer available on Twitter.

Both data sets were then filtered to include only the dates of
overlap (February 1 to June 23, 2020) and to remove any
duplicated tweets across the data sets. We then filtered the data
to include only English-language tweets. Given our interest in
tweets about vaccination, each data set was filtered using the
substrings “vax” and “vaccin.” This process ensured that the
tweets included in our analysis referred to vaccinations. The
resulting data set contained 841,896 English-language tweets.
Since our focus was on analyzing content available to users
rather than the identity of users, we did not attempt to distinguish
between human users and machine accounts (ie, bots) [53].
Figure 1 displays a graphical flowchart for the data selection
and exclusion process.

Figure 1. Data set combination, filtering, and exclusion process.

URL Extraction
We first extracted the website URLs from the JSON “entities”
object of each tweet in order to get the original URL rather than
the version automatically shortened by Twitter. URLs that were
still shortened were unshortened to their original form using an
API [54]. To preprocess the URLs for analysis, we then removed
all URL query terms from all domains.

Content Analysis
In addition to computational methods, mixed methods content
analysis was conducted in analyzing the 20 most-tweeted
websites to identify the source of the websites and their content.
First, the sources of the 20 most-tweeted URLs and the dates
they were posted were recorded. The content of the 20
most-tweeted URLs was coded using inductive qualitative
methods using the constant comparative method [55-57]. This
design, which prioritized quantitative methods, is consistent
with an explanatory sequential design. This design involves
implementing quantitative research methods first, followed by
qualitative methods, with the aim of explaining the quantitative
methods [58]. Mixed methods research is particularly
appropriate in studying complex social phenomena, and this
approach was appropriate, as the quantitative approach was not
deemed sufficient [58-60]. The qualitative research approach
is suitable for exploratory studies when researchers are unable
to use theory to produce hypotheses or theoretical-driven
prediction [61].

The qualitative analysis followed a multistep iterative process.
A coauthor with expertise in mixed methods research created
initial codes and recorded memos. The initial coding involved
line-by-line detailed reading of the data, aimed at understanding
the different views and actions described in the different URLs
and approaching coding in an inductive manner while remaining
open to different potential theoretical directions emerging from
the data [62]. During the second phase of the analysis, focused
coding was conducted. The focused coding entailed coding of
the significant and frequent themes that emerged during the
initial coding. Focused coding was helpful in synthesizing and
conceptualizing the data and the research [62], while also
remaining cognizant of the different sources generating the
content. Comparisons of statements and incidents were noted
within and across the different URLs. At the second stage,
previous research and categorizations were considered in
addition to the texts at hand, and these informed the categories
of the URLs’ framing. The first category included content that
overtly advanced doubts about at least one of the following:
vaccines’ efficacy, vaccines’ safety, and the motives of those
who fund, develop, and/or test them (ie, vaccine-opposed).
Conversely, the second category captured content that featured
the efficacy and/or safety of COVID-19 vaccines. The third
category included content that focused on advances in
development of vaccines, including news on the development
of specific vaccines and related scientific breakthroughs. In this
third theme, coders also annotated whether the advancements
that were reported were based on meaningful developments or
whether they reflected anecdotal information and unfounded
claims. The fourth category related to content that highlighted
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political aspects of vaccination, including portraying political
processes as influencing vaccine development and availability
to the public. This political content was further coded to capture
whether vaccination was, in fact, the focus of the overall content.
In addition, the coders noted whether content in any category
could have increased distrust in vaccination by using implicit
cues that casted doubts on the integrity of the process, those
developing vaccines, or decisions and decision makers. For
instance, a news story that announced that a COVID-19 vaccine
was developed in 3 hours was coded as including
“vaccine-opposing” sentiment, as it was judged to be increasing
concerns about a vaccine that was developed so rapidly and,
therefore, likely to reduce trust in its safety and efficacy.

In the third stage of the qualitative analysis, the overall theme
of “politicizing vaccination” emerged. A graduate student with
training in qualitative research followed this process
independently by coding each of the 20 URLs using inductive
coding first and then coding by the previous categories. They
then provided a quotation from each URL to support the coding.
As a final check on consistency of results, we evaluated the
intercoder agreement for all of the URLs between the initial
coding and the third stage of qualitative analysis. The use of
constant comparative analysis [62] helped us develop our
analytical categories, including attention to contradictions.

Twitter Spread Analysis
To examine the particular Twitter spread strategies that were
used to propagate the most-tweeted websites, we have applied
social cybersecurity methods to identify coordinated link sharing
and flooding (or spamming) of the websites by tweeters [46,63].
Specifically, we analyzed all the tweets that shared the top 20
most-tweeted websites. First, we excluded retweets and removed
the following text from the remaining original tweets: mentions,
URLs, trailing white space, and formatting characters (ie, “\n”).
Then, we recorded the number of tweets that included a URL
to each website, unique users that tweeted the website, unique
texts across all of the tweets that contained the website, tweets
that featured a website that were tweeted within an hour of the
first tweet of that same website, and nonreply mentions, as well
as the range of days between the first and last tweet that included
the website.

Results

Overview
Our aims were to understand the magnitude, dynamics over
time, content, sources, and spread of websites shared within
vaccine-related tweets as part of COVID-19 Twitter
conversations. The first research question centered on the
prevalence and dynamics of vaccination-related tweets, as well
as website sharing posted as part of COVID-19 conversations
over time. The analysis revealed that these conversations
demonstrated an overall growth in tweets that related to
vaccination. It also showed that website sharing had distinct
patterns compared to overall tweets about vaccination. As
mentioned above, our data set contained a total of 841,896
tweets. As seen in Figure 2, tweets about vaccination spiked in
March and again in June. A corresponding spike in tweets that
were retweeted was observed in March. In contrast, a more
modest increase was observed in March in website sharing,
followed by a leveling in April. In addition, sharing websites
and the diversity in unique websites shared increased over time,
indicating that Twitter users spread more external content from
a greater number of sources as the scope and scale of the
pandemic increased in the early months of the pandemic.

Our analysis revealed that 1 in 5 of the 841,896 tweets
(n=185,994, 22.1%) contained at least one website. A total of
1 in 4 of the 524,998 users (n=128,408, 24.5%) tweeted at least
one website. In comparison, only 19.4% (n=163,743) of all
tweets contained at least one hashtag, and 23.0% (n=120,699)
of users tweeted at least one hashtag. Additionally, 85.2%
(n=717,150) of all tweets contained a mention of another user’s
account (ie, using the “@” symbol to refer to another Twitter
account), and 87.4% (n=459,038) of users tweeted at least one
mention in a tweet. Of the mentions, only 12.1% (n=87,097)
were replies (ie, when a user was directly replying back to the
tweet of another user). Figure 3 displays the rates of usage for
these different social media artifacts.

A total of 1 out of 5 of the tweets that mentioned vaccination
(185,994/841,896, 22.1%) included links to websites. These
websites included 11,311 unique website domains. Most
domains (n=6962, 61.6%) were tweeted with only one unique
website tweeted.
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Figure 2. Counts of unique tweets, users, and website domains for all of the vaccination tweets.

Figure 3. Rates of retweets, hashtags, mentions, and website sharing in all of the vaccination tweets.
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Analysis of Website Domains
Research question 2 explored the 20 most-shared website
domains, with a focus on the role of legacy media, social media,
and public health sources. As displayed in Table 1 [64-83], the
majority (n=14, 70%) of the 20 most-tweeted website domains
consisted of traditional news media, including news
organizations, newspapers, and television networks. However,
the most-tweeted website domain was Raw Story, a US online
tabloid that is classified as progressive. Another tabloid, the
New York Post, was ranked as the 19th most-tweeted website
domain. The only social media platform included was YouTube,
which was the third most-tweeted domain. Similarly, the only
official governmental and/or health source was the US Centers
for Disease Control and Prevention (CDC), which was ranked
as the 20th most-tweeted website domain.

Websites associated with these 20 domains constituted 8.25%
(n=6244) of all of the 75,642 websites tweeted. Two of the
most-tweeted website domains—Raw Story and The Jerusalem
Post—had most of their tweets from just one news story each.
Notably, the top two most–individually tweeted websites were
in this category, indicating that “viral” tweets can increase a
domain’s popularity.

On average, each domain had 4.26 (SD 24.4) websites per
domain, with a mode of 1 website, indicating that many of the
domains only ever had one website associated with them. In
total, 62.7% (n=6963) of all domains in the data had only one
unique website associated with that domain. An exception was
YouTube, which had the greatest number of unique websites
of any domain, followed by the CDC website.

Table 1. Top 20 most-tweeted website domains.

Type of domain and country of originUnique websites

per domaina, n

Percentage of all tweets with web-
site URLs that originate from web-
site domain, %

Tweets, nWebsite domain

US online tabloid1017.113,261Raw Story [64]

International news organization5772.34347Reuters [65]

International, US-based social media
platform

20132.24106YouTube [66]

UK newspaper3641.73167The Guardian [67]

Israeli newspaper921.73140The Jerusalem Post [68]

International, US-based news agency1731.32374Bloomberg [69]

US television channel2821.22161CNBC [70]

UK newspaper2911.12102The Daily Mail [71]

Multinational, US-based television
channel

3021.01888CNN [72]

US newspaper3320.91716The New York Times [73]

Nigerian digital newspaper190.91642The Cable [74]

Health-oriented US news website1220.81552STAT [75]

US financial news website2030.81447Business Insider [76]

US newspaper2090.71348The Washington Post [77]

UK public service broadcast organization1060.71320BBC [78]

UK television news channel1470.71301Sky News [79]

UK newspaper1720.71280The Independent [80]

US newspaper1520.71270The Hill [81]

US conservative-leaning tabloid1520.61148New York Post [82]

US government health organization4350.61139Centers for Disease Control and
Prevention [83]

aThis is the number of unique websites that originate from the higher-level domain. For example, a news website can have several unique websites
representing different news stories that all come from the same single news website domain.

The temporal analysis of the patterns of the 20 most-tweeted
domains documented three distinct peaks of domain usage, as
presented in Figure 4. The peaks included The Jerusalem Post
and The Cable from February 20 to 24 and Raw Story on March
4. These spikes in domain usage were the result of tweeting a
particular website from that domain. Specific stories that became

“viral” underlined domain activity. Tweeted domains were
typically shared over one week, or even one day. This pattern
can, therefore, be characterized as “bursty,” as opposed to
having different websites associated with specific domains
tweeted consistently across longer periods of time.
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Figure 4. The 20 most-used domains overall by the number of tweets featuring each domain. Counts are normalized within each time period (week).

In contrast to the majority of the domains that were characterized
by “bursty” activity, some domains, such as YouTube and The
Guardian, had consistent usage over time. The 20
most–persistently tweeted domains are summarized in Table 2
[65-67,69-73,75-78,80,82-88].

As Table 2 shows, YouTube was the most–persistently tweeted
domain. Out of the 20 domains, the 12 (60%) that were tweeted

most persistently over time were news organizations, and 2
(10%) included official US federal health organizations. Both
the CDC and the National Institutes of Health (NIH) were
included in this list, indicating the persistent sharing of content
of these domains. Similarly, in addition to YouTube, Instagram
was a second social media platform that made the list, as well
as Google.
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Table 2. The 20 most–persistently tweeted website domains.

Days that a website from the domain was
tweeted at least once, %

Type of domainHome domain

77Social media platformYouTube [66]

76UK newspaperThe Guardian [67]

72UK newspaperThe Daily Mail [71]

71US federal health organizationCenters for Disease Control and Prevention [83]

71US television news channelCNBC [70]

70US newspaperThe New York Times [73]

70International news agencyReuters [65]

67US business newspaperBloomberg [69]

66Health-oriented US news websiteSTAT [75]

65US financial news websiteBusiness Insider [76]

65Social media platformInstagram [84]

65UK newspaperThe Independent [80]

64Multinational, US-based television channelCNN [72]

64Multinational technology companyGoogle [85]

63US tabloidNew York Post [82]

61UK public service broadcast organizationBBC [78]

61Web portal by MicrosoftMSN [86]

61US newspaperThe Washington Post [77]

60UK public service broadcast organizationBBC [87]

59US federal health organizationNCBI (National Center for Biotechnology Informa-
tion), NIH (National Institutes of Health) [88]

Analysis of Websites
The third research question explored the content and dynamics
of spread of the 20 most-tweeted websites. Table 3 [89-108]
displays the 20 most-tweeted individual websites within the
data.

The 20 most-tweeted websites comprised around 13% of all the
tweets containing websites (n=185,994) in the data set. The
most-tweeted website, which was by Raw Story, accounted for
almost half of these, with 6.6% (n=12,201) of the overall number
of tweets containing websites. As Table 3 indicates, the majority
(n=11, 55%) of the 20 most-tweeted websites were tweeted by
traditional media sources or news organizations, and the sources
of 6 other websites (30%) were tabloid and digital-only
newspapers and websites. One fake news website, a petition
website for right-wing causes, and another domain were the
sources of three more websites. The latter two were the only
nonnews sources among the top 20 most-tweeted websites.

As an overarching theme, the qualitative analysis indicated that
the content of these websites demonstrated politicization of
vaccination. The single most-tweeted website was by the digital
tabloid Raw Story, which described Republicans blocking the
COVID-19 bill to avoid posing limits on pharmaceutical
companies’ charges for the vaccine. This politicization of
vaccination was evident in other websites. As seen in Table 3,

9 out of 20 (45%) websites (#1, #4-6, #8, #9, #15, #17, and #20)
focused on political aspects of the vaccine and its development.
In 2 of them (#6 and #15), vaccines were mentioned merely as
a minor issue. Moreover, 2 of these featured cues that could
increase, or were related to, distrust in vaccination. These
included a Fox Business story (#14) claiming that a vaccine
was developed in 3 hours in collaboration with China and was
funded by the Gates Foundation, and a BBC News story (#18)
that reported on comments by a top health official in France
that called to test the COVID-19 vaccine in Africa. Although
the WHO was cited as denying these comments, the story,
overall, featured distrust in vaccine development, provided
direct citations of celebrities that responded to the possibility
of testing in Africa, and referred to controversial testing of HIV
medications on prostitutes in Africa. Similarly, the STAT story
(#20) that covered Dr Rick Bright’s departure from directing
the Biomedical Advanced Research and Development Authority,
without stating a reason for his departure, could have led
audiences to have reduced trust given their portrayals of plots
that left much to the imagination. Other frames included
criticism of then-President Trump’s competence in combating
the pandemic following comments or decisions that he made,
including suggesting using a flu vaccine to prevent COVID-19
(#8 and #15) and pulling out of a national effort to speed vaccine
development (#17).
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Table 3. The 20 most-tweeted websites.

Date in 2020Tweets, nCodingTopicSource; typeTitle of webpageRank

March 312,2014. Political focus:

the main focus is on the
political processes and

Republicans block
coronavirus bill be-
cause it limits how
much pharmaceutical
companies can charge

Raw Story; US pro-
gressive-leaning
tabloid

GOP blocking coronavirus bill —
because it limits how much drugmak-
ers can charge for a vaccine: Report
[89]

1

motives related to vaccina-
tion

April 1327803b. News on vaccine devel-
opment that proved un-
founded

Israeli scientists are
close to developing a
COVID-19 vaccine

The Jerusalem Post;
Israeli newspaper

Israeli scientists: 'In a few weeks,
we will have coronavirus vaccine'
[90]

2

February 915073b. News on vaccine devel-
opment that proved un-
founded

Israeli scientists are
close to developing a
COVID-19 vaccine

The Cable; Nigerian
online newspaper

Israeli researchers announce break-
through on coronavirus vaccine [91]

3

June 118654. Political focus:

the main focus is on the
political processes and

Britain will not be in-
cluded in European
COVID-19 vaccine
supplies

The Irish Times;
Irish newspaper

EU sets out plans for advance orders
of coronavirus vaccines [92]

4

motives related to vaccina-
tion

June 127894. Political focus:

The main focus is on the
political processes and

Britain will not be in-
cluded in European
COVID-19 vaccine
supplies

The New European;
UK pro-Europe
newspaper

UK will not participate in EU’s
coronavirus fast track vaccine
scheme [93]

5

motives related to vaccina-
tion

May 155304. Political focus:

the main focus is on the
political processes and

Former Director of
National Intelligence
refused to testify until
there is a vaccine

True Pundit; US
fake news website

James Clapper refuses to testify to
Congress in person ‘until there’s a
COVID vaccine’ [94]

6

motives related to vaccina-
tion

June 135213a. News on vaccine devel-
opment that proved found-
ed

AstraZeneca signed a
contract to supply 400
million doses of
COVID-19 vaccine to
Europe

Reuters; internation-
al news organization

AstraZeneca agrees to supply Eu-
rope with 400 million doses of
COVID-19 vaccine [95]

7

March 25124. Political focus:

the main focus is on the
political processes and

“Trump thinks we
should use the flu
vaccine to defend
against coronavirus.

Twitter; US-based
social media plat-
form

Read Pedagogy of the Oppressed by
Paulo Freire (tweet by Joshua
Potash, liberal leaning with 146,000
followers) [96]

8

motives related to vaccina-
tionWe could not be in

worse hands.”

March 34544. Political focus:

the main focus is on the
political processes and

Commentary on
Trump’s interactions
with vaccine makers

Washington Post;
US newspaper

Trump’s baffling coronavirus vac-
cine event [97]

9

motives related to vaccina-
tion

January 234341. Content that overtly ad-
vances doubts regarding

Petition to prevent
mandatory COVID-19
vaccination

Life Petitions; peti-
tions website

PETITION: No to mandatory vacci-
nation for the coronavirus [98]

10

vaccines’ efficacy and
safety and the motives of
those who fund, develop,
and/or test them

February 284283b. News on vaccine devel-
opment that proved un-
founded

Team working on de-
veloping COVID-19
vaccine

WJLA: ABC News;
local DC news affili-
ate

Meet the all-female team working
to create a COVID-19 vaccine in
Maryland [99]

11

February 203913b. News on vaccine devel-
opment that proved un-
founded

Texas-based scientists
reported completion
of COVID-19 vaccine
development

The Daily Mail; UK
newspaper

US scientists have completed a
coronavirus vaccine, Texas-based
genetic engineering company claims
[100]

12

April 133873b. News on vaccine devel-
opment that proved un-
founded

Development of
COVID-19 vaccine in
Israel

The Jerusalem Post;
Israeli newspaper
(mobile version)

Israeli scientists: 'In a few weeks,
we will have coronavirus vaccine'
[101]

13
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Date in 2020Tweets, nCodingTopicSource; typeTitle of webpageRank

February 133813b. News on vaccine devel-
opment that proved un-
founded

Development of
COVID-19 in Califor-
nia in 3 hours, funded
by Gates, with China

Fox Business; US
television channel

California lab says it discovered
coronavirus vaccine in 3 hours [102]

14

March 33774. Political focus:

the main focus is on the
political processes and
motives related to vaccina-
tion

Experts are baffled at
Trump suggestion to
use flu vaccine

Indy100; UK online
newspaper

Experts baffled as Trump asks why
they can't just use flu vaccines to
prevent coronavirus [103]

15

February 253633a. News on vaccine devel-
opment that proved found-
ed

Moderna vaccine
shipped, and trials
start

TIME; US news
magazine

COVID-19 vaccine shipped, and
drug trials start [104]

16

February 253484. Political focus:

the main focus is on the
political processes and
motives related to vaccina-
tion

Trump removes Unit-
ed States from global
initiative to develop
COVID-19 treatment

Raw Story; US
tabloid

Trump removes US from global
initiative to develop coronavirus
treatments and vaccines [105]

17

April 63253b. News on vaccine devel-
opment that proved un-
founded

WHO says Africa will
not be a testing
ground for COVID-19
vaccine

BBC News; UK
broadcast organiza-
tion

Coronavirus: Africa will not be
testing ground for vaccine, says

WHOa [106]

18

February 293192. Provaccination: the con-
tent focuses on the efficacy
and/or safety of COVID-
19 vaccines, as a way to
end the pandemic

COVID-19 vaccine
will be available for
free thanks to the Af-
fordable Care Act

Business Insider; US
online media compa-
ny

Here's why Obamacare would likely
make any coronavirus vaccine free
for patients — and prove critical in
fighting the disease [107]

19

April 213004. Political focus:

the main focus is on the
political processes and
motives related to vaccina-
tion

Rick Bright steps
down

STAT; US health
news website

Director of US agency key to vac-
cine development leaves role sudden-
ly amid coronavirus pandemic [108]

20

aWHO: World Health Organization.

Of the 9 (45%) websites that covered news about advances in
vaccine development, only 2 of the developments that were
covered proved founded (#7 and #16 covered AstraZeneca and
Moderna, respectively). TIME reported on the rollout of
Moderna vaccine clinical trials (#16), stood out as the only
website that provided medical framing of the content, and
included explanations regarding the vaccine’s mechanism of
using messenger RNA (mRNA). In contrast, 7 (35%) stories
covered advancements that, at the time of analysis, were
unfounded or did not come to fruition (#2, #3, #11-14, and #17).
Notably, 3 of these included news on development of an Israeli
vaccine that allegedly was 3 days away from the finish line and
90 days from approval. This information came from the Israeli
Science and Technology Minister, and the sources were an
Israeli newspaper in English and a Nigerian digital newspaper.
Of the coverage of vaccine development that did not reach the

market, only the report about the Novavax vaccine (#11)
included information about the phase of the trial. The report on
Greffex (#12) included some scientific information on the
technology of the vaccine and a timeline that emphasized the
lengthy process.

Only 1 (5%) website expressed explicit opposition to vaccination
(#10). It consisted of a petition to block mandatory vaccination,
which was included in a website domain that promoted petitions
for conservative, right-wing causes. Similarly, only 1 (5%)
website (#19), by Business Insider, a US online media company,
provided provaccination framing by positioning vaccines as the
way to end the pandemic.

Table 4 [89-108] presents information on the original tweets
that included each of the 20 most-tweeted websites.
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Table 4. Tweets spreading the 20 most-tweeted websites.

Tweets with-
in first hour
of first
tweet, n

Days be-
tween first
and last
tweet of
URL, n

Retweets of
tweets with
URL, n

Mentions in
tweets with
URL, mean
(SD)

Unique users
that tweeted
URL, n

Unique texts
of tweets, n

Unique
tweets with
URL, n

WebsiteTitle of webpage

1291211,3630.31 (1.61)786437838Raw StoryGOP blocking coronavirus
bill — because it limits how
much drugmakers can
charge for a vaccine: Report
[89]

207820700.33 (1.14)612352710The
Jerusalem
Post

Israeli scientists: 'In a few
weeks, we will have coron-
avirus vaccine' [90]

4314760.71 (1.54)262031The CableIsraeli researchers announce
breakthrough on coronavirus
vaccine [91]

127870.21 (0.43)774178The Irish
Times

EU sets out plans for ad-
vance orders of coronavirus
vaccines [92]

227390.08 (0.3)483450The New Eu-
ropean

UK will not participate in
EU’s coronavirus fast track
vaccine scheme [93]

1215100 (0)201320True PunditJames Clapper refuses to
testify to Congress in person
‘until there’s a COVID vac-
cine’ [94]

514590.21 (0.57)573862ReutersAstraZeneca agrees to sup-
ply Europe with 400 million
doses of COVID-19 vaccine
[95]

724000.16 (0.49)110111112TwitterRead Pedagogy of the Op-
pressed by Paulo Freire [96]

19661030.19 (0.75)339197351The Wash-
ington Post

Trump’s baffling coron-
avirus vaccine event [97]

3371930.50 (2.32)15690241Life Peti-
tions

PETITION: No to mandato-
ry vaccination for the coron-
avirus [98]

2183720.16 (0.49)563356WJLA: ABC
News

Meet the all-female team
working to create a COVID-
19 vaccine in Maryland [99]

22262560.67 (0.75)13364135The Daily
Mail

US scientists have complet-
ed a coronavirus vaccine,
Texas-based genetic engi-
neering company claims
[100]

1512770.79 (3.99)10455110The
Jerusalem

Israeli scientists: 'In a few
weeks, we will have coron-
avirus vaccine' [101] Post (mobile

version)

8191560.24 (0.69)215123225Fox Busi-
ness

California lab says it discov-
ered coronavirus vaccine in
3 hours [102]

303720.2 (0.4)425Indy100Experts baffled as Trump
asks why they can't just use
flu vaccines to prevent
coronavirus [103]

1632520.43 (1.16)10981111TIMECOVID-19 vaccine shipped,
and drug trials start [104]

J Med Internet Res 2021 | vol. 23 | iss. 12 | e29127 | p.599https://www.jmir.org/2021/12/e29127
(page number not for citation purposes)

Cruickshank et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Tweets with-
in first hour
of first
tweet, n

Days be-
tween first
and last
tweet of
URL, n

Retweets of
tweets with
URL, n

Mentions in
tweets with
URL, mean
(SD)

Unique users
that tweeted
URL, n

Unique texts
of tweets, n

Unique
tweets with
URL, n

WebsiteTitle of webpage

313310.52 (1.24)171317Raw StoryTrump removes US from
global initiative to develop
coronavirus treatments and
vaccines [105]

213070.38 (1.16)171418BBCCoronavirus: Africa will not
be testing ground for vac-
cine, says WHO [106]

46890.64 (1.05)222127230Business In-
sider

Here’s why Obamacare
would likely make any
coronavirus vaccine free for
patients — and prove critical
in fighting the disease [107]

662760.58 (0.57)241124STATDirector of US agency key
to vaccine development
leaves role suddenly amid
coronavirus pandemic [108]

The Twitter propagation statistics of some of the websites show
attempts at spreading the websites through inauthentic means.
Specifically, a high percentage of the tweets that included links
to The Cable website (#3) and to the STAT website (#20) had
a high percentage of retweets only, an indicator of spreading
by flooding or spamming of a website on a social media platform
in an effort to get the website artificially trending and,
consequently, to give more exposure to other social media users.
In addition, the text of over half of the tweets that included the
20th most-tweeted website, STAT, was identical, which is
indicative of coordinated, inauthentic link sharing. Evidence of
such coordinated inauthentic link sharing was also present in
tweets that included links to the Life Petitions website (#10),
which also had relatively few unique tweet texts compared to
the number of tweets of the website and the number of unique
users that tweeted that website.

Discussion

Principal Findings
This study is the first to examine the prevalence, dynamics, and
content of websites shared in vaccination-related tweets. We
focused on tweets that were part of COVID-19 conversations
over 20 weeks, following the WHO’s announcement of
COVID-19 as a pandemic until June 23, 2020. The main finding
of this study is the use of a cross-platform strategy for promoting
politicization of COVID-19 vaccination well before the rollout
of these vaccines. This politicization of content, promotion of
unfounded “advancements” in vaccine development, and
coverage of unsettling political plots that left much unexplained
are likely, in turn, to contribute to a decrease both in the public’s
knowledge of the science behind vaccine development and
effectiveness and its trust in vaccination. Future studies should
investigate the impact of exposure to this coverage.

Whereas previous research on the topic typically focused on
the degree to which Twitter discussions reflected specific
vaccine sentiments, our study indicates the politicization of the

topic, which was shared by both progressive-leaning sources
and content (eg, the Raw Story online tabloid) and legacy media
(eg, The Washington Post) as well as by right wing–leaning
sources, including legacy media (eg, The Jerusalem Post) and
fake news sources (eg, True Pundit).

The websites that were tweeted represented diverse
communication sources, with traditional news media making
the top shared domains. Both the prominence of legacy news
media in websites shared and the emergence of nontraditional
media outlets, such as tabloids, vlogs, and other social media,
exemplify processes of intermediate agenda setting in the new
media environment. These processes were previously
documented in political content [15], and this study extends
them to this health context. Along with “rehashing” legacy news
content, as was evident in the majority of the sources shared,
Twitter has also given rise to nontraditional, digital-only content.
These nontraditional sources typically reached salience in terms
of website sharing when a story they published became viral.
For instance, Raw Story, a digital tabloid [109], featured the
most-tweeted website in its story of Republicans blocking a bill
in order to protect pharmaceutical companies from limitations
on vaccine-related profits. The salience of nontraditional sources
demonstrates an intermedia agenda-setting process that provides
a platform for individuals who were previously blocked from
entering the elite spaces to disseminate their messages [15,110].
Twitter “has become an important platform for eloquent and
media-savvy people outside the traditional political, economic,
or academic elites” [15]. Our study extends this line of research
to intermedia agenda setting in vaccine-related conversations.
The content of the URLs shared over Twitter represented, to a
great degree, an alternative agenda. In this agenda, stories that
advanced political motives that went beyond the issue of
vaccination were featured prominently. They represented both
opposition to Trump’s US presidential administration at the
time of data collection and right-wing populist views, including
vaccine-opposed content. Similarly, while some of the news
coverage about vaccine development stood the test of time, a
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few stories that reported on vaccine advancement were
inaccurate, such as the Israeli development of a vaccine. This
type of coverage is likely to increase public doubt regarding
news in general and scientific news in particular. Whereas the
exact identity of the alternative media that was documented in
this study (eg, Raw Story) might not necessarily be important
in a historical perspective, these processes of agenda setting
have both theoretical and practical implications for public health
efforts. Unfortunately, in this context, prominence of these
fringe sources is also associated with misinformation, conspiracy
theories, and vaccine-opposing messages.

In this new media environment, official health sources like the
CDC and the NIH have had some success in disseminating their
information, indicated by their inclusion in the lists of the
most-tweeted domains (ie, CDC) and the most–consistently
shared domains (ie, CDC and NIH). This is important, as
governmental sources have been shown to provide credible,
high-quality information compared to other sources, including
the media [42]. However, producing the most-tweeted unique
websites, in other words, “becoming viral,” proved more
challenging, at least in the context of cross-platform sharing.
The importance of trustworthy sources that provide scientifically
sound information to the public is heightened at a time of a
pandemic. Our findings revealed that the CDC had a salient
role in the vaccine conversation on Twitter as the 20th
most-tweeted website domain in our sample. The CDC was also
second only to YouTube in providing a large number of different
websites, which indicated that it provided diverse information
that was deemed important by Twitter users who felt the need
to share this information over Twitter. In comparison, no
NIH-specific unique link to a website was included in the top
20 most-tweeted websites, but its domain was one of the 20
most–consistently tweeted domains. Although it is also possible
that the CDC, NIH, and other public health sources exuded
additional influence via links to traditional media shared over
Twitter, such influence was not evident in the 20 most-tweeted
websites.

Given the prominence of traditional media with their established
gatekeeping, checks, and balances, it is not surprising that most
stories shared in websites did not include obvious
vaccine-opposing content. This finding is consistent with
previous content analyses of tweets, reporting that
vaccine-opposing content comprised a minority of the overall
discussions on Twitter [16,111,112]. While this is encouraging
from a public health perspective, it is important to remember
that the impact of misinformation might still be significant,
particularly in view of the social network nature of Twitter that
often broadcasts to specific groups [36] and the need for herd
immunity in maximizing the effects of vaccinations [112].

Our findings also point at the salience of international content.
In addition to large, global media institutions like Reuters or
CNN, and US-based newspapers and tabloids, some British
newspapers, most notably The Guardian, were heavily tweeted
in our data. Moreover, both the Israeli newspaper, The Jerusalem
Post, and the Nigerian digital newspaper, The Cable, were
included in list of the most-shared websites thanks to the viral
story about an alleged Israeli COVID-19 vaccine. Similar to
other smaller media organizations that were heavily tweeted,

these two foreign, small newspapers demonstrated the
opportunity of small players to advance their agenda in this new
media environment by becoming “viral” through provision of
sensational narratives. In the case of the Nigerian newspaper,
inauthentic targeted attempts to spread this story contributed to
its popularity, demonstrating the importance of deliberate
manipulation in the new social media environment. It is likely
that this rapidly changing environment, characterized by a
“bursty” pattern of website sharing and the need to continuously
provide new and sensational narratives as well as information
and inauthentic spread strategies, poses unique challenges for
governmental and official health sources. In addition, social
media cross-platform sharing was evident in the prominence of
YouTube as the third most-shared domain, as well as the
most–consistently shared website over time. Future studies
should further explore the content included in the different
platforms, as well as users’ interpretation of this content and
their motivation to engage in sharing it.

Finally, these findings are important in revealing patterns of
propagation of this external content and these links. Despite the
known presence of bots and other inauthentic propagation
strategies of vaccination-related content on Twitter [8,37], and
regarding COVID-19 [44], previous studies typically focused
on analyzing the content of tweets in attempts to identify
misinformation [45]. Such studies are important in advancing
the knowledge and theories concerning the content to which
users are exposed. However, the propagation strategies of this
content should also be understood and considered. For instance,
interventions to block such content should consider the
propagation strategies. Given silos in current studies, social
cybersecurity methods, to our knowledge, were not previously
applied to vaccination-related discourse. Our study, therefore,
is important in providing an opportunity to explore propagation
of vaccine-related content over Twitter by spread of external
content.

These results have important implications that can inform
interventions, policies, and future research. At the most basic
level, our findings indicate that sharing links to websites is a
common strategy in Twitter conversations on the topic. In fact,
shared websites were more common than hashtags, which have
become synonymous with Twitter. Hashtags are frequently
researched due to their use in creating discussion communities
on social media [113,114]. It is, therefore, significant that in
the context of the vaccine discussions we examined, external
websites were featured as frequently as hashtags.

Our analysis also revealed that websites were tweeted in a
“bursty” pattern, indicating heterogeneity of a large number of
sources, stories, and topics shared. The results regarding the
increased number and diversity of external links shared at the
time of data collection are consistent with other studies that
documented the ebbs and flows of the “infodemic.” A recent
study suggested that this increase was motivated by both
uncertainty and state-sponsored propaganda [115]. COVID-19
is used as vector to propagate misinformation and disinformation
by foreign governments. In addition, it provides a highly
uncertain information environment in which fact-checking is
difficult. The authors emphasized the importance of constant,
reliable medical information provided by governmental sources.
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While we concur with this suggestion, it is important to note
that our findings also point at the challenges of such public
health response. Given the numbers, diversity of sources, and
dynamics of the topic that are constantly evolving, such response
would require significant efforts and resources [115].

Strengths and Limitations
The strengths of this study stem from its analysis of a large data
set that was collected at a historically important period.
Moreover, we employed a triangulation of computational
methods and human coding to study a previously unexplored
communication strategy within vaccine discourse on Twitter.
However, this study is not without limitations. First, our tweets
were collected by searching common vaccine-related keywords
and hashtags. While these keywords and hashtags were
identified following an extensive literature review and analysis
of tweets by multiple research teams, it is possible that some
emerging keywords and hashtags were not included. Future
studies could apply additional computational methods, such as
the Analysis of Topic Model Networks [116].

Additional limitations are grounded in our focus on tweets in
English and on a specific time frame. Future studies should
expand research to include additional languages and time frames,
particularly during and following the rollout of the COVID-19
vaccine. In addition, some vaccine-related tweets, particularly
those advancing vaccine-opposing messages, were deleted by
Twitter by the time of analysis. Hence, the actual number of
antivaccination tweets shared might be higher than what we
were able to report, and their content might be somewhat
different from what was collected. Moreover, we have focused
on vaccine-related tweets that were part of the COVID-19
Twitter conversations. Although our data set is unique in
including all related tweets rather than a sample, our findings
do not apply to vaccine-related discourse on Twitter that was
not part of the pandemic discourse. Moreover, our study focused
on the first 20 weeks of the pandemic. Future studies should
compare our findings regarding website sharing with similar
content following the implementation of the COVID-19
vaccination campaigns globally. In addition, we focused on the
content and propagation of the 20 most-tweeted websites and
domains, and these findings might not apply to other links shared
in this data set.

Conclusions
These findings are important in advancing understanding of
website sharing in vaccine-related tweets, its use, and its

dynamics. The analysis revealed that Twitter users share
websites as part of their vaccine messages in COVID-19
conversations and that some of this sharing revealed inauthentic,
deliberate attempts to spread this content. Our data included
tweets that were posted in the first 5 months of the pandemic
and showed that vaccine-related tweets were prominent in the
pandemic-related Twitter discourse from its inception. Future
research should examine the following months, as it is likely
that with the advances in vaccine development, these
conversations have increased in frequency and perhaps included
different information sources.

The findings of this study pave the way for future studies that
would answer additional questions. First and foremost, future
research should expand the scope of this study by examining
websites shared after June 2020, especially as new COVID-19
vaccines were approved and disseminated, and as information
became available about their safety and efficacy. Given that our
findings encompass the period prior to the approval and
dissemination of the specific COVID-19 vaccines, they shed
light on early communication on the topic rather than the
specific risks and benefits of these vaccines.

In view of the global importance of the pandemic and
vaccinations, future studies should also expand the scope of
analysis to include additional languages other than English. In
addition, it is important to consider, measure, and analyze
additional aspects and implications of our work. For instance,
to date, studies did not explore the impact of visual content on
vaccine-related messages over social media. Future studies
should expand the scope of this study’s analysis by exploring
the visual content of vaccine-related tweets, websites, and of
YouTube videos on the topic and the visual impact on
propagation of the content over social networks. Similarly,
future studies should explore the content and propagation of
additional URLs in addition to the 20 most-tweeted websites
explored in this study.

Finally, we call for hypothesis-driven communication
interventions that would not only measure how and why
antivaccination messages propagate over social media [117]
and attempt to correct misinformation [118], but would also
attempt to prevent this propagation and advance scientifically
accurate content instead. Such future interventions should not
focus on one social media platform, but should instead consider
and integrate cross-platform use for message sharing.
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Abstract

Background: US president Joe Biden signed an executive action directing federal agencies to combat hate crimes and racism
against Asians, which have percolated during the COVID-19 pandemic. This is one of the first known empirical studies to
dynamically test whether global societal sentiments toward Asians have become more negative during the COVID-19 pandemic.

Objective: This study aimed to investigate whether global societal sentiments toward Asians across 20 countries have become
more negative, month by month, from before the pandemic (October 2019) to May 2020, along with the pandemic (incidence
and mortality rates) and cultural (Hofstede’s cultural dimensions) predictors of this trend.

Methods: We leveraged a 12-billion-word web-based media database, with over 30 million newspaper and magazine articles
taken from over 7000 sites across 20 countries, and identified 6 synonyms of “Asian” that are related to the coronavirus. We
compiled their most frequently used descriptors (collocates) from October 2019 to May 2020 across 20 countries, culminating
in 85,827 collocates that were rated by 2 independent researchers to provide a Cumulative Asian Sentiment Score (CASS) per
month. This allowed us to track significant shifts in societal sentiments toward Asians from a baseline period (October to December
2019) to the onset of the pandemic (January to May 2020). We tested the competing predictors of this trend: pandemic variables
of incidence and mortality rates measured monthly for all 20 countries taken from the Oxford COVID-19 Government Response
Tracker, and Hofstede’s Cultural Dimensions of Individualism, Power Distance, Uncertainty Avoidance, and Masculinity for the
20 countries.

Results: Before the pandemic in December 2019, Jamaica and New Zealand evidenced the most negative societal sentiments
toward Asians; when news about the coronavirus was released in January 2020, the United States and Nigeria evidenced the most
negative sentiments toward Asians among 20 countries. Globally, sentiments of Asians became more negative—a significant
linear decline during the COVID-19 pandemic. CASS trended neutral before the pandemic during the baseline period of October
to November 2019 and then plummeted in February 2020. CASS were, ironically, not predicted by COVID-19’s incidence and
mortality rates, but rather by Hofstede’s cultural dimensions: individualism, power distance, and uncertainty avoidance—as
shown by mixed models (N=28,494). Specifically, higher power distance, individualism, and uncertainty avoidance were associated
with negative societal sentiments toward Asians.

Conclusions: Racism, in the form of Anti-Asian sentiments, are deep-seated, and predicated on structural undercurrents of
culture. The COVID-19 pandemic may have indirectly and inadvertently exacerbated societal tendencies for racism. Our study
lays the important groundwork to design interventions and policy communications to ameliorate Anti-Asian racism, which are
culturally nuanced and contextually appropriate.

(J Med Internet Res 2021;23(12):e28305)   doi:10.2196/28305
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Introduction

The COVID-19 crisis has brought with it a disconcerting
increase in racism against the Asian community. In the early
phase of the pandemic (March 2020), a Singaporean
international student in the United Kingdom was physically
assaulted in central London [1]. This was an unprovoked attack
that the perpetrators justified by saying “we do not want your
coronavirus in our country.” Similarly, a Vietnamese curator
in London was dropped from an art exhibition, having been told
that her presence alone would increase anxiety to those attending
the event. She was told that her Asian ethnicity meant that she
would be perceived as a carrier of the coronavirus [2].

In the web space, there has been a rise in vitriol and hate speech
toward Asians: L1ght found a 900% growth in hate speech
towards Asians on Twitter [3]. In the political realm, barbed
appellations—“Chinese Virus” and “kung flu” [4]—from
government leaders have equated a whole ethnicity with the
deadly virus and disparaged them, consequently drawing out a
fear of Asians. Moreover, the Pew Research Centre found that
58% of Asian Americans reported that it has become more
common for people to express racist or racially insensitive views
about Asians than before the coronavirus outbreak [5]. Three
in 10 Asian American adults have been subject to slurs or jokes
because of their race or ethnicity since the outbreak began. In
view of the alarming increase in anti-Asian racism, US president
Joe Biden signed an executive order on January 26, 2021,
directing federal agencies to combat xenophobia toward the
Asian American community in the hope of reversing the 2-fold
issue of increasing unemployment and hate crimes [6].

Apart from several cross-sectional studies and numerous
commentaries [7-10], there are few empirical studies that have
assessed the development of anti-Asian sentiments across the
pandemic. Our study is one of the first to track anti-Asian
sentiments, month by month, from before the pandemic (October
2019) to during the pandemic (May 2020) across 20 countries.
We investigated whether global societal sentiments toward
Asians across 20 countries have become more negative month
by month from before the pandemic (October 2019) to May
2020, as well as the pandemic (incidence and mortality rates)
and cultural (Hofstede’s cultural dimensions) predictors of this
trend.

We selected Hofstede’s dimensions [11] as they are one of the
most widely used measures of cultural values, and are relevant
to this study for 3 reasons. First, they provide multiple
dimensions from which a culture can be understood. Second,
they are widely recognized and understood, demonstrating our
study’s comparability and contribution to prior literature. Third,
they are based on a national-level understanding of culture,
which has been shown to differ from individual-level culture
[12], and therefore compatible with the scope of our study as
we observe racial sentiments at the national level across 20
countries.

Hofstede’s cultural dimensions [13] are as follows: individualism
is “the degree to which individuals are supposed to look after
themselves or remain integrated into groups, usually around the
family”; masculinity is “the distribution of emotional roles
between the genders (…); it opposes ‘tough’ masculine to
‘tender’ feminine societies”; uncertainty avoidance is “the extent
to which a culture programs its members to feel either
uncomfortable or comfortable in unstructured situations”; power
distance is “the extent to which the less powerful members of
organizations and institutions accept and expect that power is
distributed unequally.”

Our study is significant in 3 ways. Conceptually, we contribute
to race relations research by analyzing how an extraordinary
event, such as the COVID-19 pandemic, may dynamically
influence societal sentiments toward an ethnic group. Second,
we extend the field of cultural studies by examining the impact
of culture on anti-Asian sentiments across 20 countries during
a pandemic. Practically, understanding the cultural
underpinnings lays the groundwork for designing policy
interventions to reduce it, as studies show the malleability of
cultural frames [14]—our study provides the cultural
considerations to do this effectively.

We hypothesize that societal sentiments toward Asians have
become more negative as the pandemic unfolded from October
2019 to May 2020 (hypothesis 1). Second, we tested the factors
associated with the hypothesized rise in anti-Asian sentiments
during the pandemic. Most opinion-editorials posited that the
prevalence of new cases and incidence of new deaths have been
associated with increasingly negative racial sentiments
(pandemic hypothesis). However, we argue that racism is more
deep-seated and is influenced by culture, history, and
exclusionary policies such as the Chinese Exclusion Act of 1882
[15]. Discernibly, sociological scholarship reported that cultural
factors such as masculine ideals and individualistic traits are
associated with racism [16]. Against this background, we
hypothesize that both pandemic variables (COVID-19
prevalence and mortality rates) and cultural variables—measured
with Hofstede’s cultural dimensions—are associated with
negative ethnic sentiments during the pandemic (Hypothesis
2).

Methods

Study Design

Data Set
We used the news on the web corpus [17], the largest
cross-cultural database with 12 billion words ingested from over
30 million articles—found in over 7000 web-based newspapers
and magazines—across 20 countries in six continents: North
America (United States and Canada), Asia (Bangladesh, Hong
Kong, India, Malaysia, Pakistan, Philippines, Singapore, Sri
Lanka), Africa (Ghana, Kenya, Nigeria, South Africa, and
Tanzania), the Caribbean islands (Jamaica), Europe (Ireland
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and the United Kingdom), and Oceania (Australia and New
Zealand). This data set was created with funding from the
National Science Foundation (NSF) and the National
Endowment for the Humanities (NEH) to study contemporary
language usage in countries where English is mainly and widely
used. The dynamic nature of the corpus—with 200 million new
words, from 300,000 new articles, added every month—makes
it appropriate to study month-by-month change in societal
sentiments toward Asians across 8 months, from before the
pandemic (October 2019) to during the pandemic (May 2020).
Within this study’s timeframe, our corpus consists of 1.5 billion
words. This data set is appropriate as Cultivation Theory [18]
suggests that the large representation of web-based media within
the corpus reflects societal perceptions across 20 countries and
provides an extraordinary platform to study the global
sentiments of Asians. This unprecedented data set further
circumvents the ecological fallacy that limits most survey studies
that mistakenly draw country-level conclusions from
individual-level surveys.

Data Preprocessing
The data set was preprocessed through a 6-step process that
aimed at identifying a list of 7 relevant target nouns (Asian,
Asians, Asia, Chinese, China, Wuhan, and Hubei) and their
descriptors (collocates) for sentiment analysis. Figure 1 shows
a flowchart for data preprocessing. We generated collocates (ie,
words that co-occurred most frequently with each target noun)
every month, between October 2019 and May 2020 for each of
the 20 countries with the following inclusion criteria: (1) lexical

proximity: collocates present within 6 words prior and after the
target noun (step 3, Figure 1). Articles such as “the” and “a”
were not included in the 6-word lexical span. If the target noun
was the first word of a sentence, the collocates from the prior
sentence were excluded. (2) Mutual Information (MI) score of
3 and above: collocates had a stronger association with the target
noun than with other nouns in the corpus for that country,
indicating semantic bonding (step 4, Figure 1) [19]. The MI
score estimates word association norms directly from the corpus.
It is calculated via sentiment analysis, which shows the MI
between collocates and target words. The higher the MI value,
the closer the relationship between the collocate and target word.
The MI value is calculated using the formula:

where A indicates the possibility of the target word A appearing,
which is calculated by the frequency of the target word. B
indicates the possibility of the collocate B appearing, which is
calculated by the frequency of word B. C indicates the possibility
of A and B appearing together, which is calculated by the
frequency of collocate B appearing near the target word A.
“SizeCorpus” refers to the size of corpus or the number of
words. Span is the span of words (eg, if there are 6 words to the
left and 6 words to the right of the target word, span=12) [log
(2)=0.30103]. This is a well-established application of
computational linguistics to study stereotypes in other studies
[20-28]. The rigorous process culminated in 85,827 collocates
over eight months, across 20 countries.

Figure 1. Preprocessing steps to identify collocates of target nouns for sentiment analysis. MI: Mutual Information.

Measurement of Societal Sentiments of Asians Across
20 Countries
After data preprocessing, each collocate was rated on a scale
from 1 (very negative) to 5 (very positive) by 2 independent
raters with a high interrater reliability (Cronbach α) of .916
(95% CI 0.874-0.958). For instance, dirty, dangerous, and
suspicious were rated 1 (very negative); employee, resident,

and transportation were rated 3 (neutral); empowering, hero,
and venerable were rated 5 (very positive). Table 1 provides
sample descriptors associated with narratives on Asians. We
calculated a Cumulative Asian Sentiment Score (CASS) per
month by taking the respective mean ratings globally to test
Hypothesis 1, and by country, to test hypothesis 2. CASS is
mathematically defined as follows:
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where Ykt is the CASS for country K during month t. For country
k, during month t, Si is the score of the word (i), while hikt is the
count of the word (i).

Table 1. Examples of negative, neutral, and positive descriptors of Asians in the media during the COVID-19 pandemic.

PositiveNeutralNegative

benefitcommercesin

leadingsecretaryweakness

calmdomesticvile

rejuvenatedaffairprotest

intelligencedemandvilify

goodmilitarydenounce

peacefulphilosopherdeface

intellectualdealanti-china

groundbreakingnavyanger

successfullyculturepunishment

sophisticatedmarketcrisis

greatestcountrychaos

charmestablishagitation

admirationinfluencemeddling

improvingrulediscord

Pandemic Variables
The monthly prevalence of new cases and incidences of new
deaths across 20 countries were derived from the Oxford
COVID-19 Government Response Tracker [29].

Hofstede’s Cultural Dimensions
Calculations of the country dimension scores have been reported
by Hofstede and Minkov [30], which were based on original
cross-national surveys of IBM employees, and subsequent
studies (eg, Hofstede Insights, 2020). The country score for
each of Hofstede’s dimensions was calculated using this method:
First, individual survey responses to each question were
calculated at the national level. For questions that were answered
on a 5-point Likert scale, the national mean of the responses
was calculated. For questions requiring a yes/no or
multiple-choice answer, the national percentage of each answer,
or a combination of answers (eg, “Option A OR Option C”)
was calculated. Next, these national-level scores were combined
using a weighted formula to yield a country dimension score
based on 3-8 survey questions, resulting in final scores that
ranged from 0 to 100.

Analytical Strategy
Hypothesis 1, positing that societal sentiments toward Asians
(as measured with the CASS) have become more negative across
8 months from October 2019 to May 2020, was tested using a
trend model to show a significant linear decline in racial
sentiments. The linear regression model can be expressed as
the following:

y = a + bX

Where a represents the intercept, b represents the slope and X
represents the week.

Hypothesis 2, positing that pandemic variables (COVID-19
incidence and mortality rates) and cultural variables (Hofstede’s
cultural dimensions) are associated with the CASS, was tested
using a linear mixed model. CASS was the independent variable
while the pandemic and cultural variables were the dependent
variables. The model can be expressed as the following:

y = Xβ + Zb + ε

Where b ~ N(0, ϕθ) and   ~ N(0, γθ), X and Z represent model
matrices for the fixed effects—pandemic and cultural
dimensions—(β) and random effects—time—(b), respectively.
All data preprocessing, text analytics, and statistical analyses
were conducted using Python (version 3.7) and OriginPro 2019b.

Data Accessibility
Data are publicly available at English-Corpora.org.

Results

CASS Across 20 Countries During the COVID-19
Pandemic
Globally, we observed a significant negative linear trend in
CASS toward Asians (β=–.03, P=.018), supporting hypothesis
1 (Figure 2). Other trends such as quadratic and cubic were
nonsignificant. Societal sentiments of Asians, measured with
the CASS, were trending neutral before the pandemic (October
to December 2019) and reached the lowest point in February
2020 during the pandemic. Before the pandemic in December
2019, Jamaica and New Zealand evidenced the most negative
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societal sentiments toward Asians. In January 2020, when news
of the novel coronavirus was released, the United States and
Nigeria evidenced the most negative societal sentiments of

Asians among 20 countries. The CASS for each of the 20
countries are presented in Figures 3 and 4.

Figure 2. Global Cumulative Asian Sentiment Scores (CASS) across 20 countries from October 2019 to May 2020. Globally, societal sentiments of
Asians became more negative across 20 countries—a significant linear decline during the COVID-19 pandemic. CASS were trending neutral before
the pandemic (October to November 2019), and plummeted in February 2020. Thereafter, CASS increased gradually, although it has not recovered to
prepandemic levels.
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Figure 3. Cumulative Asian Sentiment Scores (CASS) across 10 countries (Australia, Bangladesh, Ghana, Hong Kong, Jamaica, Kenya, Nigeria, New
Zealand, Singapore, and Tanzania) from October 2019 to May 2020. There was a significant negative linear trend in CASS across the various countries
as the pandemic progressed.
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Figure 4. Cumulative Asian Sentiment Scores (CASS) across 10 countries (Canada, the United Kingdom, Ireland, India, Sri Lanka, Malaysia, Philippines,
Pakistan, the United States, and South Africa) from October 2019 to May 2020. There was a significant negative linear trend in CASS across the various
countries as the pandemic progressed.

Predictors of Racial Sentiment Trends During the
COVID-19 Pandemic
We tested hypothesis 2 using a mixed model, with pandemic
variables (monthly prevalence of new cases and incidence of
new deaths for 20 countries) and cultural dimensions as fixed
variables, and time as the random variable (Table 2). The

pandemic variables of prevalence and mortality rates did not
reach significance, while 3 of 4 cultural dimensions were
significant: higher power distance (β=–.002, P<.001),
individualism (β=–.002, P<.001), and uncertainty avoidance
(β=–.001, P<.001) were associated with negativity of societal
sentiments toward Asians, holding other covariates constant;
this provides support for hypothesis 2.
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Table 2. Pandemic and cultural predictors of societal sentiments toward Asians across 20 countries during the COVID-19 pandemic (N=28,494): Model

1.a Higher power distance, individualism and uncertainty avoidance were associated with negative sentiments toward Asians; the pandemic variables
of prevalence and mortality rates did not reach statistical significance.

Value (SE)Predictor

0.000 (0.000)Prevalence of new casesb

0.000 (0.000)Incidence of new deathsc

–0.002d (0.000)Individualism

–0.002d (0.000)Power distance

–0.001d (0.000)Uncertainty avoidance

–0.001 (0.000)Masculinity

aR2=0.737; adjusted R2=0.723.
bRespective monthly COVID-19 incidence rates from October 2019 to May 2020.
cRespective monthly COVID-19 mortality rates from October 2019 to May 2020.
dP<.001.

Discussion

This is one of the first known empirical studies to dynamically
test whether global societal sentiments toward Asians have
become more negative month by month from before the
pandemic (October 2019) to during the pandemic (May 2020).
Our findings show that societal sentiments toward Asians
became more negative across the 20 countries over time. This
study contributes to the existing literature in 2 ways. First, it
contributes to research on race relations by showing how
pandemics may have severe repercussions on discourse
surrounding certain ethnic groups. Second, by providing insight
into the cultural factors associated with anti-Asian sentiments,
this study lays the groundwork for more effective cultural
communication strategies concerning public health issues.

Historically, incidences of xenophobia have accompanied the
onset of global pandemics. With such catastrophic outbreaks,
fear often drives those at risk to pin the blame on some group
external to their own national, religious, or ethnic identity—in
a bid to attribute their troubles to some known entity while
reinforcing an “us against them” mentality [31]. As sickness
cultivates fear, it can in turn incite moral panic and promote
bias. Consequently, minority groups have often found
themselves erroneously blamed for being contagious, as others
perceive them to be “dirty” [32]. This blame culture could be
a driving force for the negativity of societal sentiments toward
Asians during the pandemic, as shown in our study.

Delving further, we argue that the negative rhetoric against
Asians promoted “otherness” [32-34]. In times of crises such
as the current pandemic, it is common for individuals with
similar attributes to be categorized as the ingroup, and those
who are “different” as the outgroup. The differentiation
accentuates the similarities and homogeneity of ingroup
members, while juxtaposing the differences of the outgroup
members who have been accused of spreading the virus. This
reinforces ingroup notions of “normality,” and positions those
who are different—the Asians in this context—as deviant,
through a process of othering and social exclusion [34]. A
consequence of this othering could be prejudice, unfavorable

treatment, and discrimination against Asians—possibly leading
to heightened racial tensions and frayed social fabric in
multiracial communities.

In addition, metaphors are ubiquitous in forming our world view
[35]. The adjective “Chinese” in “Chinese virus” is particularly
problematic as it metaphorizes the devastation of the pandemic
with an ethnicity. Connecting group identities with explicitly
negative medical language (ie, virus) serves to categorize those
group identities as others. Such “othering” rhetoric only serves
to typify stigmatized groups, devaluing them as those in society
who possess undesirable characteristics that are outside normal
expectations [36].

In relation to hypothesis 2, our results show how anti-Asian
sentiments during the COVID-19 pandemic were strongly
associated with cultural norms in society and not with the
pandemic variables. Three of 4 cultural dimensions
[37-42]—individualism, power distance, and uncertainty
avoidance—were associated with increasing negativity of racial
sentiments. This is one of the first known studies to link cultural
dimensions and race relations during the COVID-19 pandemic,
and this study attempted to explain these links.

First, we found that increased individualism was associated
with negative societal sentiments toward Asians. In societies
where tenets of individualism thrive, self-interests and outward
expressions of intense emotions such as anger and antagonism
[11] are more common, with less importance placed on avoiding
confrontation and social harmony. We postulate that high levels
of individualism in some societies could have encouraged people
to speak their minds and outwardly display of anger and blame
toward Asians, resulting in an outpouring of more pernicious
sentiments. Moreover, in high-individualism societies,
epitomized by a desire for an autonomous identity defined by
personal choices and achievements [11], feelings of intrusion
and encroachment into these pursuits—inflicted by the virus
and those deemed to be “associated” with it—might have also
ignited the spark for such confrontational anti-Asian sentiments.
We argue that the widespread fear of contracting the disease
and thus being precluded from pursuing one’s goals freely
engenders prejudice against the outgroup that might be deemed
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responsible for this, positioning them as effective scapegoats
for both the virus and hampering one’s personal individualistic
identity.

Second, high power distance was associated with negative
societal sentiments toward Asians. In essence, power distance
represents the amount of respect and deference between people
from different levels of the social hierarchy. Cultures high in
power distance advocate a social hierarchy based on
institutionalized status differentials, where members from the
lower status groups are disadvantaged in terms of resource
allocation, are expected to treat their high-status counterparts
with deference and respect [11]. We argue that such
demarcations of inequality allow for a perpetuation of social
dichotomies and an increase in xenophobic sentiments toward
those deemed undeserving of respect owing to their perceived
“lower” status.

Third, high uncertainty avoidance was associated with negative
societal sentiments toward Asians. We suggest that the
uncomfortable threat and dangers from stemming those
“associated” with the virus, and the pressing need to actively
dispel the anxiety of its looming impact, has led to the
prevalence of such negative narratives toward Asians. Labeling
others on the basis of a variety of stigmas and associating an
entire race with the virus not only aids in the identification of
“negative” traits that are synonymous with risk, but also
reinforces the lack of tolerance for ambiguities and uncertainty
associated with particular groups of people who have been
deemed to possess deviant behaviors [43]. Such stigmatizing
sentiments serve as the cognitive basis of social grouping,
helping individuals categorize and cautiously avoid people of
particular social groups by displacing the threat of the unknown
onto them. We thus argue that uncertainty avoidance is linked
to stereotyping, distrusting, and dehumanizing outgroups

through harsh sentiments owing to the perceived unpredictability
of outgroup members possibly “spreading” the disease and
jeopardizing them.

Hofstede’s cultural dimensions have proven to be a useful
framework to explore how anti-Asian sentiments have evolved
over the course of the COVID-19 pandemic. It is evident that
deep-seated cultural norms—individualism, power distance,
and uncertainty avoidance—are a driving force in stigmatizing
behavior against outgroups and revealed apertures in societal
relations that arise during global crises such the COVID-19
pandemic. Future studies should explore the associations
between cultural dimensions and racism. In addition, our study
limitations could provide ideas for future studies. A key
shortcoming is the lack of data from social media in the corpus.
The diversity of social media usage across multiple platforms
renders data collation challenging, and most social media
platforms such as Facebook are closed for public access—they
have also become increasingly monetized, selling selected data
sets that may not be representative. Though our methodology
allows for dynamic social sensing, compared to traditional
methods [44-54], this is a significant drawback that we intend
to overcome in future studies upon augmenting our database.

The COVID-19 pandemic has deepened fissures in racial
relations as posited by numerous commentaries, and now shown
empirically by the negativity of societal sentiments of Asians,
across 20 countries, over 8 months, from October 2019 to May
2020. It is critical that governments and policy makers consider
the cultural underpinnings linked to anti-Asian sentiments when
designing appropriate messages for risk communication. In
particular, societies high in power distance, individualism and
uncertainty avoidance must be prioritized. Confronting the
specific cultural factors fueling anti-Asian sentiment will achieve
a multiplier effect, eventually forming the basis for solidarity.
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Abstract

Background: Many people suffer from insomnia, a sleep disorder characterized by difficulty falling and staying asleep during
the night. As social media have become a ubiquitous platform to share users’ thoughts, opinions, activities, and preferences with
their friends and acquaintances, the shared content across these platforms can be used to diagnose different health problems,
including insomnia. Only a few recent studies have examined the prediction of insomnia from Twitter data, and we found research
gaps in predicting insomnia from word usage patterns and correlations between users’ insomnia and their Big 5 personality traits
as derived from social media interactions.

Objective: The purpose of this study is to build an insomnia prediction model from users’ psycholinguistic patterns, including
the elements of word usage, semantics, and their Big 5 personality traits as derived from tweets.

Methods: In this paper, we exploited both psycholinguistic and personality traits derived from tweets to identify insomnia
patients. First, we built psycholinguistic profiles of the users from their word choices and the semantic relationships between the
words of their tweets. We then determined the relationship between a users’ personality traits and insomnia. Finally, we built a
double-weighted ensemble classification model to predict insomnia from both psycholinguistic and personality traits as derived
from user tweets.

Results: Our classification model showed strong prediction potential (78.8%) to predict insomnia from tweets. As insomniacs
are generally ill-tempered and feel more stress and mental exhaustion, we observed significant correlations of certain word usage
patterns among them. They tend to use negative words (eg, “no,” “not,” “never”). Some people frequently use swear words (eg,
“damn,” “piss,” “fuck”) with strong temperament. They also use anxious (eg, “worried,” “fearful,” “nervous”) and sad (eg,
“crying,” “grief,” “sad”) words in their tweets. We also found that the users with high neuroticism and conscientiousness scores
for the Big 5 personality traits likely have strong correlations with insomnia. Additionally, we observed that users with high
conscientiousness scores have strong correlations with insomnia patterns, while negative correlation between extraversion and
insomnia was also found.

Conclusions: Our model can help predict insomnia from users’ social media interactions. Thus, incorporating our model into
a software system can help family members detect insomnia problems in individuals before they become worse. The software
system can also help doctors to diagnose possible insomnia in patients.

(J Med Internet Res 2021;23(12):e27613)   doi:10.2196/27613
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insomnia; Twitter; word embedding; Big 5 personality traits; classification; social media; prediction model; psycholinguistics
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Introduction

Background
Insomnia, a type of sleep disorder, is the inability to fall asleep
or stay asleep at night. It is one of the most prevalent mental
health symptoms globally [1]. One study [2] suggests that
approximately 30% of adults worldwide exhibit insomnia
symptoms, like difficulty initiating and maintaining sleep and
waking up too early. People with insomnia might also
experience other problems, such as depression, anxiety, and
excessive alcohol consumption [3].

With the unprecedented growth of smartphone and internet
technologies, social media has now become a ubiquitous
platform that reflects users’ daily activities, preferences, and
beliefs. These social media platforms have become a means to
share health information [4-9] for many users. For example,
Paul et al [10] have stated that Twitter has become a common
place to discuss a wide range of health information, including
insomnia and other mental health conditions such as depression,
stress, and anxiety. Several other studies [10-12] also report
that Twitter is used as a platform to share symptoms [11], seek
help, and exchange advice [12].

As insomnia is a mental health disorder, the illness might have
a strong connection with human personality attributes. In fact,
prior studies [13-15] suggest that insomnia has links with certain
personality traits. Therefore, in this study, we attempted to
derive personality traits from users’ social media interactions
and use these traits along with users’ word usage patterns to
predict insomnia. To the best of our knowledge, our study is
the first to investigate from social media interactions whether
personality traits have an association with insomnia. Predicting
insomnia by analyzing users’ tweets has a number of real-life
applications. For example, friends and parents can identify
problems in their loved ones, while health care providers can
use the system to diagnose insomnia and can build an automated
early warning system.

Insomnia and the Big 5 Personality Traits
Many adults experience short-term (acute) insomnia, which
lasts for days or weeks. Acute insomnia is common and often
brought on by situations such as stress at work, family pressures,
or a traumatic event. Some adults have long-term (chronic)
insomnia that lasts for several months or years [16]. In most
cases, chronic insomnia may be a side effect of other problems
[16]. Insomnia not only reduces individuals’ energy levels but
also degrades their health, work performance, and quality of
life. There are several causes of insomnia [16-18], including
mental health disorders, such as posttraumatic stress disorder.
Antidepressants, asthma medications, and blood pressure
medications can also lead to sleep disorders. Medical conditions
such as chronic pain, cancer, diabetes, heart disease, asthma,
gastroesophageal reflux disease, overactive thyroid, Parkinson
disease, and Alzheimer disease can also cause insomnia. High
consumption of caffeine, nicotine, or alcohol may also prevent
sleep and lead to insomnia [16].

Personality differentiates individuals in their patterns of
thinking, feeling, and behaving [19]. The Big 5 personality scale

is a common scale for measuring personality [19,20]. The Big
5 model has 5 different personality traits: openness,
conscientiousness, extroversion, agreeableness, and neuroticism.
People with a high level of openness have a tendency to reflect
on ideas, innovate, and appreciate values. People with high
conscientiousness are cautious and meticulous and tend to seek
achievement. People with high extroversion have a tendency
to seek excitement and show positive emotions. People with
high agreeableness tend to be sympathetic, trusted, and merciful
to others. Neurotic individuals show negative emotions, such
as anxiety, inhibition, anger, and depression. Personality traits
are important factors that are associated with disorders [21].
For example, prior research has found that conscientiousness
and neuroticism are related to insomnia [22,23]. Personality is
also the key factor for dropout and treatment resistance in
cognitive behavioral therapy for insomnia [24].

Social Media and Insomniac Patterns
A few studies have been conducted to predict insomnia by
analyzing the content of social media. Michael et al [10]
described a method that uses Twitter for public health research.
They exploited the Ailment Topic Aspect Model to create
structured disease information from tweets that they used for
public health metrics. These authors [25] also reported that early
detection of disease outbreaks, medication safety, health
behaviors, and individual well-being can be investigated through
social media data, and applied traditional natural language
processing tools to analyze social media content. Rice et al [26]
found that young people may be at risk of negative consequences
from new technologies and online media. Therefore, social
media platforms are important for measuring young people’s
mental health states. Andrew et al [27] conducted a study to
identify common mental health topics from popular social media
platforms and identified common mental health topics such as
anxiety, depression, and sleep problems. Jamison-Powell et al
[9] completed a study on discussions of insomnia on Twitter.
Through an analysis of 18,901 tweets, they discovered that when
the word “insomnia” appears in users’ tweets, they are likely
to convey strong negative health information. These authors
mainly conducted their analysis over 2 different themes: coping
with insomnia and describing experiences with insomnia. For
the first theme, users share symptoms and coping strategies on
Twitter, while for the second theme, users share frustration.
However, the authors did not build a prediction model and did
not explore the association between users’ personality and
insomnia. McIver et al [28] examined how 2 groups of Twitter
users—sleep and nonsleep groups—were active on social media.
They found that the nonsleep group showed negative sentiment
over social media. Suarez et al [29] conducted a study on the
real-time streaming of Spanish tweets for insomnia prediction
by analyzing 54,432 tweets and built a classifier whenever
insomnia phrases appeared. They used term frequency-inverse
document frequency to find features of n-grams and then applied
different classifiers including support vector machines and
k-nearest neighbors.

It is clear that prior studies suffer from the following deficits
in research: prior studies largely built classifiers based on
explicit insomnia phrases (eg, “insomnia,” “sleepless”) rather
than the linguistic cues and relationships between the words,
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the authors did not build any novel machine learning models,
and, to the best of our knowledge, no study predicted insomnia
based on users’ personalities from social media interactions.
The aim of this paper was thus to address these research gaps.

Research Objectives
The main objective of this study is to predict insomnia by
analyzing users’psycholinguistic characteristics (eg, word usage
patterns) and Big 5 personality traits as derived from their
tweets. In this study, we built a rigorous classification model
to predict users’ insomnia from their interactions on Twitter.
We collected a total of 4,198,683 tweets from 1574 users and
classified our training data set into 2 classes: individuals who
suffer from insomnia and individuals who do not suffer from
insomnia. We then conducted psycholinguistic-based analyses
of users’ tweets by using 2 popular tools: Empath [30] and
Linguistic Inquiry and Word Count (LIWC) [31]. We also
analyzed users’ tweets by using the bidirectional encoder
representations from transformers (BERT) [32] word embedding
technique to investigate semantic relationships between words.
We carefully conducted both psycholinguistic- and word
embedding–based analyses to find insights into users’ tweets.
We then integrated users’personalities with the psycholinguistic
models. Finally, we built double-weighted, ensemble-based
classification models by combining psycholinguistic-, word
embedding–, and personality-based models.

In summary, our study provides the following contributions: a
large insomnia data set consisting of 1574 users from different
geographical locations; novel insomnia classification models
comprising psycholinguistic, word embedding, and Big 5
personality attributes as derived from users’ tweets; and a novel
and rigorous double-weighted, ensemble-based classification
model to predict insomnia.

Methods

In this paper, we performed the 5 following steps to predict
insomnia by analyzing users’ word use patterns in tweets: (1)
user selection—first, we found a total of 1574 users by using
Twitter’s advanced search technique [33] and divided the users
into 2 groups, users with sleep disorders and users with no sleep
disorder; (2) linguistic analysis—we performed 2 different types
of linguistic analyses, psycholinguistic-based analysis and word
embedding–based analysis; (3) correlation analysis—we found
correlations between users’ psycholinguistic patterns and sleep
disorders by using Fisher’s latent Dirichlet allocation (LDA)
[34]; (4) model building—we built 3 different machine learning
models by using psycholinguistic features, word embedding
attributes, and the Big 5 personality traits; and (5) ensemble of
the models—finally, we built a double-weighted ensemble
model by integrating the previous models. These steps are
further detailed in the subsequent subsections.

Data Collection
We collected tweets from a total of 1574 users. We searched
phrases such as “insomnia” and “sleepless” by using Twitter’s
advanced search technique. We divided the users into 2 groups:
Insomnia Yes and Insomnia No. We then manually annotated

the files of the users’ tweets with the Insomnia Yes and Insomnia
No labels.

We confirmed that randomly selected users were neither
organizational nor celebrity profiles. We manually checked
whether Insomnia Yes users disclosed their own sleep disorders.
We found users’ tweets and their locations. The following are
a few sample tweets shared by insomniac users on Twitter: “I
wish insomnia wasn’t a part of my life” and “my insomnia is
officially the worst I got into bed at 12, slept for 2 hours, and
am still wide awake at 6:30 AM.” These tweets indicated that
these users suffered from insomnia. If we found several such
tweets (28.60 times on average) in the newsfeed or tweets of a
user, we labeled that user as Insomnia Yes.

For Insomnia No users, we randomly selected users who did
not have these search phrases in their tweets. We also manually
checked whether these users shared any sleeping-related issues,
and if they did, we discarded them from the list. After labeling
Insomnia Yes or No on the users’csv files containing the tweets,
we removed text such as “insomnia” and “sleepless” from the
users’ tweets. By removing these phrases, we created a bias-free
data set that contained cues regarding users’ insomnia without
explicitly mentioning these phrases. Users who used contractions
tend to have higher levels of fluency in their pronunciation,
while users who do not use contractions are largely nonnative
speakers. People may contract many words every day but mainly
focus on the word “not” during contraction [35]. For the above
reasons, we kept contracted words in our tweets to indicate a
difference between the patterns of writing between native and
nonnative speakers. Later, we conducted our full analysis again.

It is important to note that we only focused on users who express
their insomnia on Twitter. If they are actually suffering from
insomnia, then their word usage pattern could be insightful. We
collected users’ tweets, and multiple referees labeled these users
after investigating their writing, their geographic locations, and
the irregular timestamps of the tweets. In this way, we could be
confident that a given user was suffering from insomnia. We
emphasized a users’ concern from their tweet content to make
decisions about their behavior. It is likely that when users
encounter a grave issue, they frequently express their problem
to others. Thus, we labeled a user as Insomnia Yes if we found
a high frequency (average 28.60) of mentions of the problem.
We also found the maximum, minimum, and SD of users’
number of posted tweets regarding the aforementioned problem
to be 363, 8, and 24.57, respectively. These numbers revealed
that some users suffering from extreme insomnia-related
problems continue to tweet at nighttime about their
sleeplessness.

There might be another group of users who have insomnia but
do not disclose the problem in their tweets. We did not consider
those users in our study. We also found a large number of users
who were noninsomniacs. We again manually checked the users’
data and tweet times based on geographic location to confirm
that these users were noninsomniacs. If we had users who were
noninsomniacs but tweeted in different time patterns to regular
users, then we discarded their tweets from our study. As the
number of insomniac users is lower in comparison to
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noninsomniac users, we took less data of noninsomniac users
to make a balanced data set.

It is important to note that there might have been users who had
insomnia but do not disclose it in their tweets. However, we
argue that they are not in large numbers, as previous studies
show that in social media people reveal their actual behavior
without idealization [36] and share private traits [37].

Next, we identified the genders of Twitter users based on various
attributes to investigate correlations between users’ gender and
insomniac behavior. First, we manually checked profile pictures
and biographies to identify gender, but many users do not share
their photos in their profiles. Thus, we observed their writing
and the replies of other users to determine their gender from
third person pronouns (ie, “he,” “she,” “him,” and “her”). If we
could not identify the gender from Twitter, we then checked

the other social network accounts of that particular user by
conducting a manual search based on their names and
usernames. For instance, we could identify the genders of
Twitter users based on their pictures on their Instagram or
Facebook profiles. If all the above methods failed to ascertain
the gender, we discarded the user from our list.

We searched for users from those countries that have English
as their first language and were either native or nonnative
speakers. We collected users’ tweets from a total of 6 different
countries: Australia, Canada, Ireland, New Zealand, the USA,
and the UK. Table 1 shows the number of users from both
groups (Insomnia Yes and Insomnia No) collected from different
geographical locations.

Table 2 displays the statistics describing the tweets of our data
set.

Table 1. Twitter users’ statistics by location.

Insomnia No users, n (n=754)Insomnia Yes users, n (n=820)Total, n (N=1574)Countries

104108212UK

313162Australia

153181334Canada

446473919USA

141832New Zealand

6915Ireland

Table 2. Tweet statistics.

Insomnia NoInsomnia YesStatistic

1,810,5671,998,683Tweets, n

32503247Maximum number of tweets of a user, n

2626Minimum number of tweets of a user, n

2401.28 (1156.65)2437.42 (1035.42)Average number of tweets of a user, mean (SD)

65,66067,427Maximum word count of a user, n

191195Minimum word count of a user, n

For raw data preprocessing, we discarded the username and
mentions. We kept the retweets of users because the act of
retweeting could indicate the personality traits of users. We
removed hashtags (eg, “#insomnia,”) and converted them into
text (eg, “insomnia”). We also removed URLs and http links
because these text data cannot be analyzed by lexical methods.
These texts also do not produce any sensible numeric vector
for the word embedding method. We did not remove stop words
because some word embedding techniques, like BERT, show
that prepositions facilitate a better understanding of the context.
We removed emojis by using the Python demoji package [38].
For example, we replaced the fire symbol emoji with the word
“fire.” We used the LIWC2015 dictionary for removing
emoticons according to the suggestion of Seabrook et al [39].

Model Building
We built the classification models from 3 different techniques:
(1) a psycholinguistic-based model (ie, LIWC and Empath), (2)
a word embedding–based model (ie, BERT), and (3) a Big 5

personality–based model. First, we describe the performance
of predicting Insomnia Yes and Insomnia No for each of the
independent models. We then describe the process of building
our novel ensemble model from these 3 independent models.
Since we used word-embedding techniques for deep
learning–based models, we did not need a feature selection
method for this classification category. We carefully selected
important features for the other 2 approaches because irrelevant
features can weaken the accuracy of a model [40].

Feature Selection
In our data set, our independent variables consisted of analysis
scores from users’ tweets as generated by psycholinguistic tools
(ie, LIWC and Empath), word-embedding methods (ie, BERT),
and the Big 5 personality traits. Our dependent variable was
Insomnia Yes and Insomnia No. As our independent variables
were continuous while the dependent variable was categorical,
we applied Fisher’ linear discriminant analysis [34] for our
feature selection method.
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As mentioned earlier, we used 2 different psycholinguistic
techniques, LIWC and Empath, to analyze users’ tweets.
Initially, we used the LIWC-based approach using LIWC2015,
which classifies approximately 90 different features from texts
into 7 different categories, where each category contains
hundreds of words [41]. These categories include summary
language variables (analytical thinking, clout, authenticity, and
emotional tone), general descriptor categories (words per
sentence, percent of target words captured by the dictionary,
etc), standard linguistic dimensions (articles, auxiliary verbs,
etc), word categories tapping psychological constructs (affect,
cognition, etc), personal concern categories (work, home, leisure
activities, etc), informal language markers (assents, fillers, swear

words, netspeak), and punctuation categories (periods, commas,
etc).

We first considered LIWC scores to be independent variables
and Insomnia Yes and Insomnia No as dependent variables. We
applied Fisher’s linear discriminant analysis by using SPSS
statistical software (IBM Corp) to find the relevant features.
Table 3 shows the correlation coefficient between users’ LIWC
scores and Insomnia Yes and Insomnia No according to Fisher’s
linear discriminant analysis. The predictors with larger (>1.0)
scores are better predictors. Therefore, these scores are helpful
in deciding which variables have more effect when building the
classification models [42].

Table 3. Fisher’s correlation coefficient between LIWCa categories and insomnia categories.

Insomnia NoInsomnia YesLIWC category

47.83848.117i

123.253123.587negate

74.52174.714swear

18.46618.731health

–31.479–31.599drives

17.34217.453focuspresent

16.15716.856SemiC

–38.057–38.140cogproc

20.99119.972sad

37.32337.245affiliation

18.52417.692anx

23.87322.654death

83.24683.284social

–16.901–17.013Analytic

aLIWC: Linguistic Inquiry and Word Count.

Second, we used an Empath-based approach to address the
shortcomings of the LIWC-based approach. LIWC can only
analyze a total of 6400 dictionary words. A dynamic deep
learning–based approach was used to analyze these words with
Empath. We analyzed the text with Empath by using the
empath-client Python implementation package [43]. Empath
draws connotations between words and phrases by using deep
learning–based neural embedding across more than 1.8 billion
words of modern fiction. Given a small set of seed words that
characterize a category, Empath uses its neural embedding to
discover new, related terms and then validates the category with
a crowd-powered filter. Empath analyzed text across 200
built-in, prevalidated categories we generated from common
topics in our data set, like neglect, government, and social
media. We analyzed the tweets of each user by using Empath
and considered the outcome of the tweets as our independent
variables; meanwhile, Insomnia Yes or Insomnia No was taken
as the dependent variable. Although LIWC and Empath are
highly correlated (r=0.906), we found no correlation between
Empath and our insomnia classification categories. LIWC has
a total of 93 psycholinguistic categories, whereas Empath has
a total of 200 word categories. When these 93 LIWC word

categories were divided between 200 Empath word categories,
which might not have been evenly distributed across the
categories, Empath showed weak correlation coefficients.
Therefore, we ultimately did not integrate the Empath word
categories with our combined model.

Third, to find correlations of users’ sleeping patterns with the
Big 5 personality traits, we initially computed users’personality
scores. We computed the Big 5 personality traits [20] of the
users from their tweets by using the IBM Watson Personality
Insight API (application programming interface) [44]. Arnoux
et al [8] have shown that the IBM Watson Personality Insight
API performs well in comparison to other techniques. Other
prior studies [45,46] have also used the API and demonstrated
reasonable performance. We found that the majority of the traits
had a high score of 1.00 and low score of 0.01. We also observed
that insomniac users had average openness, conscientiousness,
extraversion, agreeableness, and neuroticism scores of 0.61,
0.29, 0.52, 0.56, and 0.83, respectively.

Building Classifiers
After feature selection of all the techniques was completed, we
first built a classification model with LIWC. To build the
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classification model, we considered 14 different LIWC
categories of words as initial features. Table 3 shows the features
for the LIWC-based approach. The features are i, negate, swear,
health, drives, focuspresent, SemiC, cogproc, sad, affiliation,
anx, death, social, and Analytic. A potential problem can arise
when collinearity is present among the features. To remove
collinearity among independent LIWC features, we computed
the correlation among the features by using the R regression
subset selection package “leaps” [47]. We found that the
following features were collinear: drives, sad, SemiC,
focuspresent, and affiliation. We discarded these collinear
features from our feature list. Finally, we conducted
classification with the relevant features using a 10-fold
cross-validation with 10 iterations. We built our classification
model with several classifiers that included Naive Bayes,
AdaBoost, random forest, support vector machine, and Gaussian
process.

After this, we used a linguistic model that is capable of finding
contextual relationships between words in a sentence. To this
end, we use the BERT [32] model which is pretrained on a large
corpus of sentences. The model learns to produce a powerful
internal representation of words as embeddings. We used the
sentence-transformers [48] library to generate BERT vectors
by using a pretrained model. We grouped 2 sets of preprocessed
data sets, one without applying lemmatization and punctuation
marks and the other after applying all the preprocessing
techniques.

We used the BERT vector as input for our convolutional neural
network (CNN)–based deep learning model [49]. As CNN is a
nonlinear machine learning model and the BERT embedding
vector has a large input feature (768 × 1), we trained our model
with this deep learning–based architecture. The CNN model
contains 2 hidden layers. In the first hidden layer, we added the
leaky ReLU (rectified linear unit) [50] activation function. In
the next hidden layer, we added a dropout for regularization of
the model with a tanh activation function. Finally, we added a
dense layer with a softmax activation function [51] and used
the Adam optimizer with binary cross-entropy loss. We split
the training and test data sets by 70% and 30%, respectively,
and built the classification model using a 10-fold
cross-validation with 10 iterations. With this configuration, the
accuracy was 67% and 58% for the training and test data sets,
respectively.

Next, we built our classification model by using the Big 5
personality traits. Based on the date summarized in Table 4, we
selected 3 relevant Big 5 traits: conscientiousness, neuroticism,
and agreeableness. We built the classification model with the
relevant traits using a 10-fold cross-validation with 10 iterations.
We built our classification model with several classifiers that
included Naive Bayes, AdaBoost, random forest, support vector
machine, and Gaussian process by again splitting the training
and test data sets by 70% and 30%, respectively.

Table 4. Fisher’s correlation coefficient between personality traits and Insomnia Yes and Insomnia No.

Insomnia No (Fisher’s score)Insomnia Yes (Fisher’s score)Personality trait

29.22731.885Conscientiousness

17.33628.168Neuroticism

–20.785–19.137Openness

–1.61–1.93Extraversion

3.1322.175Agreeable

Building Weighted Ensemble Classifiers
We finally combined the previous classification models to
increase the strength of our prediction model. To determine a
unified final insomnia label, we combined all the independent
models, including, LIWC, BERT, and the Big 5 personality
traits. It was necessary to prioritize the approaches based on
their performance. We ordered the approaches by assigning
weights to each model. We used these weights to build our final
ensemble model. To build our ensemble model, we performed
the following 2 steps: computing weights of each approach from
both the training and test data sets and combining the models
with a double-weighted linear ensemble technique.

We then determined the weights of each approach (ie, WLIWC,
WBERT, and WBig5 personality traits) from both the training and
test data sets. We occasionally observed that a model showed
better strength with the training data set while the model
performed weakly for the test data set. Therefore, we paid close
attention to the performance of our models in both the training
and test data sets. This way, we could bring greater diversity to

the weights to build our ensemble model. To this end, we first
ran the classification model over the training data set of 944
Twitter users (944/1574, 60.0% of the total data set). We ran
the classification models by using LIWC, BERT, and the Big
5 personality traits. We used both linear (eg, random forest,
Naive Bayes) and nonlinear (ie, CNN) models during training.
We ranked the strength of these classification models by
checking their root mean square error (RMSE) scores. The lower
the RMSE score, the higher the weight of a model (linear or
nonlinear). To compute the weight, we subtracted the RMSE
score from 1 (W=1–RMSE).

We again ran the classification models over the test data set of
630 Twitter users (630/1574, 40.0% of the total data set). We
also applied both linear and nonlinear techniques by using
LIWC, BERT, and the Big 5 personality trait approaches. We
then ranked the weights (1–RMSE for the test data set) of these
approaches. Figure 1 shows the detailed process of producing
weights from both the training (60%) and test (40%) data sets.
In the figure, we indicate weight as W, which indicates that we
subtracted RMSE from 1 for the model. In our double-weighted
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method, we combined the weights of each type by using convex
combination techniques [52] for both the training and test data
sets. For the training data set, we obtained weights of 0.52, 0.47,
and 0.50 from LIWC, BERT, and the Big 5 traits, respectively.
In contrast, for the test data, we achieved weights of 0.38, 0.50,

and 0.36 from LIWC, BERT, and the Big 5 traits, respectively.
These weights were generated from linear and nonlinear
classification models of LIWC, BERT, and the Big 5 personality
traits.

Figure 1. Weight computation and building ensemble model for predicting insomnia. BERT: bidirectional encoder representations from transformers;
LIWC: Linguistic Inquiry and Word Count.

Finally, we combined the weights that we found from the
double-weighted method by using the convex combination
method. Equation 1 presents the final insomnia ensemble
classification result (IFinal) from the previous 3 different models.

where YLIWC, YBERT, and YBig5 refer to insomnia prediction results
through use of LIWC, BERT, and the Big 5 personality traits,
respectively; and WLIWC, WBERT, and WBig5 denote the weights
generated from LIWC, BERT, and the Big 5 personality traits,
respectively, from both the training and test data sets through
use of the convex combination technique.

Results

Overview
Our study is the first study to build a novel ensemble learning
model to predict insomnia by analyzing a large number of
tweets. Prior studies [28,29] investigated the pattern of

insomniac behavior by using only a limited number of tweets.
Furthermore, the authors explicitly considered phrases such as
“insomnia” and “sleepless” in their data sets. In contrast, in our
study, we discarded these explicit phrases when predicting users’
sleeping issues, which makes our study different and more
robust than the previous studies. In this section, we report the
performance of our independent and final ensemble-based
classifiers, discuss the incorporation of the emotional variability
among the insomniac and noninsomniac users from their tweets,
and present the distribution of insomniac users and the
variability of their Big 5 personality scores. Finally, the
correlation between users’genders and their insomniac behavior
is discussed.

Performance of Independent and Ensemble Classifiers
First, we investigated the performance of our independent and
ensemble-based classifiers. Table 5 shows the performance of
the classifiers. We found that the Gaussian process classifier
had the best average performance (area under the curve [AUC]
75.3%) in predicting users’ insomnia.
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Table 5. Strength of the classification model for predicting insomnia by LIWC categories and the Big 5 personality traits.

Big 5 personality traitsLIWCaClassifier, insomnia class

AUCFPRTPRAUCdFPRcTPRb

Random forest

0.6490.4750.6860.7470.3340.716Yes

0.6490.3140.5250.7470.2700.678No

Naive Bayes

0.5850.5910.7460.6940.4720.740Yes

0.5850.2540.4090.6940.2600.536No

SVM e

0.6040.6740.8830.6800.2660.632Yes

0.6040.1170.3260.6800.3710.732No

AdaBoost

0.5990.6790.8360.6940.4140.699Yes

0.5990.1640.3210.6940.3140.579No

Gaussian process

0.6660.5420.7650.7540.3830.747Yes

0.6660.2340.4570.7540.3760.713No

aLIWC: Linguistic Inquiry and Word Count.
bTPR: true-positive rate.
cFPR: false-positive rate.
dAUC: area under the curve.
eSVM: support vector machine.

Our final ensemble classification model for insomnia, IFinal,
achieved an AUC of 78.8% and 76.91% from the training and
test data sets, respectively, outperforming the previous
independent models. When observing the performance of the

ensemble-based classifiers on the training and test data sets, we
found that the performances in the test set were similar to those
of the training data set. The receiver operating characteristic
curves for the training and test data sets on our ensemble-based
classifiers are displayed in Figure 2.

Figure 2. Receiver operating characteristic curves for insomnia classification for the (A) training set and (B) test set.

Emotional Variability Among Insomniac and
Noninsomniac Users
Our study investigated whether emotional variability exists
between insomniac and noninsomniac users based on their
tweets. From our observation, we found that users’ insomniac

behavior and their psycholinguistic categories were correlated.
We randomly selected 20 insomniac and 20 noninsomniac users.
We extracted users’ anxiety-related words, (eg, “worried,”
“fearful,” “nervous,” “tense”) and converted their scores into a
range from 0 to 1 by using the max-min normalization technique.
Figure 3 presents the variability in the use of these words
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between the insomniac and noninsomniac users. We also
observed that on average, insomniac users exploited
anxiety-related words 10% more than did the noninsomniac
users. Carrera et al [53] showed in their study of 200 college
students that a significant association can be found between
difficulty sleeping and fear of death. In our study, we also found

that insomniac users are likely to post death-related words in
their tweets. We observed that insomniac users write more
“social words.” These users tend to spend more time socializing
with others when they face difficulty sleeping. Our study also
showed that insomniac users tend to display a lack of analytical
thinking.

Figure 3. Usage of words, (A) “Anxious,” (B) “Death,” (C) “Drives,” (D) “Analytic,” (E) “Sad,” and (F) “Social,” related to the LIWC category and
their mean scores between insomniac and noninsomniac users. LIWC: Linguistic Inquiry and Word Count.

Visualization of the Correlation Between Big 5
Personality Traits and Insomniac Users
Users’ Big 5 personality traits and insomniac behavior showed
correlations. Table 6 shows the distributions indicating that

agreeableness might have a weak correlation with insomniac
behavior. However, conscientiousness had a strong correlation
with insomniac behavior (Fisher’s score 31.88). The users who
had high insomnia were more likely to be more conscientious.
In contrast, Wissar et al [54] reported that lower
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conscientiousness is associated with greater insomnia severity.
We also find that users who had high neuroticism scores were
more likely to have severe insomnia. Table 6 shows that

insomniac users have moderate scores in agreeableness, are
likely to be high in conscientiousness, and are highly neurotic.

Table 6. The distribution of correlated Big 5 personality trait scores among insomniac users.

Percentage, n (%) (N=820)Traits by range

Agreeableness

77 (9.4)0.0–0.2

164 (20.0)0.2–0.4

188 (22.9)0.4–0.6

214 (26.1)0.6–0.8

177 (21.6)0.8–1.0

Conscientiousness

111 (13.5)0.0–0.2

213 (26.0)0.2–0.4

376 (45.9)0.4–0.6

88 (10.7)0.6–0.8

32 (3.9)0.8–1.0

Neuroticism

9 (1.1)0.0–0.2

38 (4.6)0.2–0.4

79 (9.6)0.4–0.6

125 (15.2)0.6–0.8

569 (69.4)0.8–1.0

Insomnia and Gender Correlation
Seabrook et al [39] showed that gender might have an
association with mental health problems, such as depression.
Reasoning that insomnia is a mental health problem [55] and
motivated by previous studies [39,56], we also investigated the
association between users’ gender and their insomnia-related
problems. We discovered that the number of insomniac and
noninsomniac male users was 309 and 363, respectively. We
further observed that the number of insomniac and noninsomniac
female users was 511 and 391, respectively. From our data set,
we conducted chi-square (P<.001) tests based on gender and
insomnia where the degrees of freedom ([number of rows–1]

× [number of columns–1]) in the contingency table were 1. Our
result showed that gender and insomnia were correlated. 

After careful observation, we found that among 511 of all female
users 6.8% (n=35 users) were suffering from pregnancy- or
postpartum-induced insomnia. These users’ tweets contain
words related to “pregnant,” “postpartum,” and “cosleep.” Later,
we applied LDA [57] over the tweets from these users’
pregnancy or postpartum times. LDA is a topic modeling
technique that automatically organizes a large corpus to discover
hidden themes. From users’ patterns of tweeting, we could
estimate the possible time frame for their pregnancies. Table 7
presents the extracted 5 major topics from their tweets: sleep,
night, tired, child, and weird.
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Table 7. Distribution of major topics, including (A) sleep, (B) child, (C) night, (D) tired, and (E) weird, extracted from a group of insomniac users’
tweets during their pregnancy or postpartum periods.

Distribution (%)Topic

Topic A

0.085Sleep

0.077Problem

0.075Suffer

0.045Little

0.060Anxiety

0.057Dream

0.037Escape

0.036Spiritual

0.035Random

0.030Morning

Topic B

0.081Birth

0.071Breast

0.070Nursing

0.076Happiness

0.062Lucky

0.079Potty

0.050Scare

0.048Check

0.052Patience

0.058Angel

Topic C

0.072Tonight

0.070Night

0.061Dinner

0.060Noise

0.072Think

0.048Party

0.051Event

0.042Pizza

0.050Worry

0.049Carry

Topic D

0.076Tired

0.068Suffer

0.061Watch

0.060Stressful

0.059Minute

0.070Break

0.043Hyperemesis

J Med Internet Res 2021 | vol. 23 | iss. 12 | e27613 | p.630https://www.jmir.org/2021/12/e27613
(page number not for citation purposes)

Sakib et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Distribution (%)Topic

0.042Pregnancy

0.040Battle

0.039Sport

Topic E

0.074Weird

0.062Stare

0.060Disgust

0.056Crazy

0.072Bitch

0.050Shame

0.070People

0.049Employee

0.069Dislike

0.068Pregnant

Discussion

Emotional Linguistic and Insomniac Behavior
As discussed earlier, users’ linguistic patterns and Insomnia
Yes or Insomnia No indications were strongly correlated.
Insomniacs tended to use negative categories of LIWC words
(eg, “no,” “not,” “never”). Some people with strong
temperament frequently use swear words (eg, “damn,” “piss”).
In Bonnet et al’s [55] study, insomniacs showed hyperarousal
(an abnormal state of responsiveness) due to increased secretion
of corticosteroids and adrenaline and an elevated metabolic rate.
In another study, Bonnet et al [58] showed that insomniacs
experience mood alternation and chronic psychological
activation. The following is a sample tweet from an Insomnia
Yes user that endorses our finding: “It sucks when you realize
that the people closest to you are the most toxic.” They also use
anxious (eg, worried, fearful, nervous) and sad (eg, crying, grief,
sad) categories of LIWC words in their tweets. Freeman et al
[59] showed that insomnia has a connection with anxiety,
depression, and being worried, and these people are likely to
use death-related words (eg, “bury,” “coffin,” “kill”). Harrison
et al [60] reported that insomniacs generally exhibit fear of death
and show anxiety about the uncertain (eg, “maybe,” “perhaps,”
“guess”). The following tweet is an example this: “I feel dead
and I hate everybody.” Our study also adds to these findings by
analyzing the correlation between LIWC categories of words
found in the users’ tweets and their sleeping patterns. Hiller et
al [61] showed that cognitive processes (eg, the psychobiological
inhibition model) play an important role in understanding and
treating insomnia. We obtained a few correlations, such as
focuspresent and SemiC, which cannot be intuitively explained.

We did not find a correlation between Empath categories of
words and users’ sleeping patterns. It is interesting to observe
that none of these categories showed any significant correlation
between Empath word categories and users’ sleeping habits.
Fast et al [62] reported that LIWC and Empath word categories
are correlated (r=0.906). LIWC has a total of 93 word categories

that are distributed across a total of 200 word categories in
Empath. When a word category subsumes a greater number of
individual words, then the chance of 2 features being correlated,
such as LIWC and insomnia class labels, increases. In contrast,
when the number of words decreases in a category, such as in
Empath, then the possibility of being correlated decreases. In
our study, we observed that although LIWC and Empath were
correlated, this correlation might not have been sustained in a
transitive case. For example, although Empath → LIWC and
LIWC → Featurex are true, Empath → Featurex does not exist
in our data set.

The Big 5 Personality Traits and Insomniac Behavior
We discovered that users’ personalities and their sleeping
patterns have strong correlations and that users with high
neuroticism are more likely to have insomnia. They tend to go
through depression, social introversion, repression, and
intolerance in terms of somatic health problems. The following
is a sample tweet supporting this finding: “Ralph Northam needs
to fucking RESIGN already. I have zero tolerance for him.” A
prior study [63] also reported similar observations related to
the correlation between neuroticism and insomnia. Assessing
neuroticism may allow for the early detection of catastrophic
situations of insomnia. We also observed that users with high
conscientiousness scores had strong correlations with insomniac
patterns. The following tweet from our data set exemplifies this
finding: “I cannot control others actions but I can control mine
and my reactions.” Larsgaard et al [64] noticed that
conscientiousness in people might be correlated with reduced
sleeping behavior due to their self-inhibition and the
meticulousness in their daily activities.

In our study, we also found a correlation, albeit a weak one,
between users’agreeableness and insomnia. The following tweet
from an Insomnia Yes user is an example of this: “understand
people who talk crap about others thru social media. Listen
Linda, why aren’t you handling it like an adult?” Dekker et al
[65] found that neuroticism, agreeableness, and openness are
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directly associated with the insomnia severity index. In our
study, we discovered that openness is negatively correlated with
users’ sleeping patterns. Tsaousis et al [66] also demonstrated
that openness and insomnia are negatively correlated with each
other. However, several studies [67-70] have demonstrated that
openness is unrelated to sleep quality.

In our study, there was negative correlation between extraversion
and insomnia. Gray et al [69] found there to be no correlation
between users’ extraversion and insomniac patterns. Our
observations of the relationship between the Big 5 traits and
insomnia largely overlap with prior findings [63-65,67-70],
which suggest that investigating users’ insomnia patterns
through social media can leverage our manual effort without
asking an individual directly about their sleeping issue.
Furthermore, understanding and inspecting one’s personality
traits may provide clues to underlying causes of vulnerability
to developing insomnia.

Pregnancy and Insomniac Behavior
According to our finding, users share their depression during
their pregnancies and share their experiences during their
postpartum periods. We observed that the major supporting

topics were night, suffer, problem, and birth, among others. We
also found a few topics that described parents’
postpartum-related anxiety. Important topics that we found from
users’ tweets were birth, breast, tired, suffer, and random, among
others. Previous studies also support our findings [71,72].

Conclusions
In this study, we investigated the associations between the
psycholinguistic and personality traits of users’ with insomnia.
We captured both the word usage and semantics of users’ tweets
through the LIWC and BERT linguistic models and developed
2 models to predict insomnia from LIWC features and BERT
word embedding. We then built our third machine learning
model that used derived personality traits to predict insomnia
from tweets. Finally, we built a rigorous ensemble model by
combining the 3 separate models. Our ensemble classifier
showed strong prediction potential (AUC 78.8%). The classifier
was built by using a novel, double-weighted ensemble technique
that outperformed the independent classifiers. We plan to
improve our classifier by integrating more data from social
networks, such as friend lists, time of tweets, gender, workplace,
time spent on activities, etc. We also plan to analyze tweets in
different languages.
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Abstract

Background: The rapidly evolving digital environment of the social media era has increased the reach of both quality health
information and misinformation. Platforms such as YouTube enable easy sharing of attractive, if not always evidence-based,
videos with large personal networks and the public. Although much research has focused on characterizing health misinformation
on the internet, it has not sufficiently focused on describing and measuring individuals’ information competencies that build
resilience.

Objective: This study aims to assess individuals’ willingness to share a non–evidence-based YouTube video about strengthening
the immune system; to describe types of evidence that individuals view as supportive of the claim by the video; and to relate
information-sharing behavior to several information competencies, namely, information literacy, science literacy, knowledge of
the immune system, interpersonal trust, and trust in health authority.

Methods: A web-based survey methodology with 150 individuals across the United States was used. Participants were asked
to watch a YouTube excerpt from a morning TV show featuring a wellness pharmacy representative promoting an
immunity-boosting dietary supplement produced by his company; answer questions about the video and report whether they
would share it with a cousin who was frequently sick; and complete instruments pertaining to the information competencies
outlined in the objectives.

Results: Most participants (105/150, 70%) said that they would share the video with their cousins. Their confidence in the
supplement would be further boosted by a friend’s recommendations, positive reviews on a crowdsourcing website, and statements
of uncited effectiveness studies on the producer’s website. Although all information literacy competencies analyzed in this study
had a statistically significant relationship with the outcome, each competency was also highly correlated with the others. Information
literacy and interpersonal trust independently predicted the largest amount of variance in the intention to share the video (17%
and 16%, respectively). Interpersonal trust was negatively related to the willingness to share the video. Science literacy explained
7% of the variance.

Conclusions: People are vulnerable to web-based misinformation and are likely to propagate it on the internet. Information
literacy and science literacy are associated with less vulnerability to misinformation and a lower propensity to spread it. Of the
two, information literacy holds a greater promise as an intervention target. Understanding the role of different kinds of trust in
information sharing merits further research.

(J Med Internet Res 2021;23(12):e30323)   doi:10.2196/30323
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Introduction

Introducing the Concern
When it comes to digital consumer health information,
web-based resources can provide both valuable information and
misinformation [1]. Concerns regarding the quality of health
information and individuals’ susceptibility to misinformation
are as old as health information websites that target consumers.
The changing digital ecosystem of the social media era has
increased the potential for and the speed of spread of
misinformation, making these concerns more urgent. At present,
web-based health information exists in many different formats,
often with videos and interactive features. Entire networks, such
as YouTube, enable the sharing of videos in an easy manner
accessible to a broad public. Social networks allow consumers
to spread links to sources that promise quick and easy remedies
and promote wellness approaches that are not supported by
evidence.

A common theme in non–evidence-based consumer health
information is strengthening the immune system and developing
natural immunity against infectious diseases. This topic relates
to many important public health concerns, from vaccination
compliance to individual behavior during epidemics. The
COVID-19 pandemic and the need for pandemic-curbing
measures underscore the importance of understanding how the
public evaluates and shares information about
non–evidence-based remedies. We are writing this paper
approximately a year after the pandemic reached the United
States, and the word infodemic is often used to characterize the
accompanying epidemic of unreliable information about the
virus and the disease [2].

An extensive body of research suggests that individuals often
lack the information skills required for navigating effectively
through a multitude of health information sources of varying
formats and quality [3]. To the best of our knowledge, no studies
to date have attempted to characterize the relationship between
an individual’s tendency to share or recommend a video with
non–evidence-based health advice and multiple cognitive and
social factors. Understanding how such factors may affect
information sharing is essential to curtail the spread of
misinformation. This study is concerned with the types of
statements that individuals view as convincing support of health
claims, as well as the relationship between several
factors—information literacy, science literacy, knowledge of
the immune system, interpersonal trust, and trust in health
authority—and inclination to share a non–evidence-based claim.

A Word on Misinformation
This study focuses on a YouTube video that promotes a dietary
supplement, making strong claims about this supplement’s
ability to boost the immune system. Research into how vitamins,
minerals, enzymes, and other substances may modulate the
immune system is highly complex. However, the claims made
by the video are simple and confident. While discussing these
claims, we use the term misinformation, hence not making any
assumptions about the intent of the supplement’s producers and
promoters.

Misinformation has been defined as objectively incorrect
information that is not supported by scientific evidence and
expert opinion [4]. Although the 2016 US presidential election
brought intense attention to the phenomenon, Molina et al [5]
analogized it to a much older problem—yellow
journalism—dating from the Spanish-American War of 1896.
It differs from disinformation in that disinformation connotes
“an intentional, deliberate, or purposeful effort to mislead,
deceive, or confuse.”

Wardle and Derakhshan [6] considered information problems
for journalists and outlined 7 types of misinformation and
disinformation. In this taxonomy, problematic content is
contrasted with genuine content:

1. Misleading content (misleading use of information)
2. Satire or parody (without intention to harm)
3. Fabricated content (false content intended to deceive)
4. Imposter content (impersonation of genuine sources)
5. Manipulated content (manipulation of genuine sources to

deceive)
6. False context (attached to genuine content)
7. False connection (mismatch of headline to content with

intent to deceive).

Clearly, some of these problematic content types are more
malicious than others. However, whether intentional or not,
misinformation can cause harm. This paper focuses on health
information that makes unsubstantiated and exaggerated claims,
purposefully or not, with the ultimate objective being to promote
and sell a product.

Health Misinformation on the Internet
The prevalence of health misinformation is an ongoing concern.
Keselman et al [7] analyzed 24 type 2 diabetes top result pages,
obtained from a Google search on diabetes, reversal, and
natural. Most of the sites either promised or implied full
recovery, most commonly achieved by taking dietary
supplements, making claims that opposed the evidence-based
perspective of the American Diabetes Association.

Research into behavior on the internet shows that people are
susceptible to misinformation and are willing to share it.
Web-based health misinformation has been investigated in
various places, including web-based health communities [6],
social media [8,9], Google Trends [10,11], Amazon’s web-based
bookstore [12], and smart assistants such as Apple Siri and
Amazon Echo [13].

Most research into how people spread misinformation in
web-based social networks has been conducted in the domains
of vaccines and infectious diseases [14]. For example, Basch
et al [15] analyzed the most viewed vaccine-related videos on
YouTube. The most popular videos were antivaccine (65.5%).
They were commonly posted by laypeople and most often
focused on the causal links between vaccines and autism. This
and other such studies [16,17] not only illustrate the prevalence
of misinformation but also underscore its potential impact.
Krishna found that “knowledge-deficient, vaccine-negative
individuals” were more active in spreading messages on the
internet about vaccines [18]. The messages they spread were
aligned with their attitudes.
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In a study that focused on social media spread, Chen et al [19]
analyzed 2691 tweets on Weibo (a Chinese equivalent of
Twitter) related to breast and cervical cancers. They found that
about 30% of the tweets contained misinformation, and that
treatment-related tweets were more likely to contain
misinformation than prevention-related tweets.

Sommariva et al [8] investigated stories circulating in social
networking services about the Zika virus and found that half of
the top 10 were either misinformation or rumors. Studies are
now beginning to emerge, focusing on the exchange of
COVID-19 misinformation. Two-thirds of Korean adults
surveyed by Lee et al [20] reported encountering myths and
misinformation about COVID-19. Scientific discoveries,
especially when they are of focal public interest and rapidly
disseminated, beget misinformation; COVID-19 vaccines are
being developed so fast that acquiring enough information about
them to make decisions is a difficult task. In the United States,
in May 2020, 73% of Republicans and 82% of Democrats
surveyed called COVID-19 misinformation “a major problem,”
and almost 70% of those surveyed identified social media as
the principal source of such misinformation [9].

Information Competencies

Overview
Researchers have been looking for effective approaches to
promote accurate information in impactful ways and for factors
that may reduce individual vulnerability. One of the most
researched factors is health literacy, sometimes defined as “the
degree to which individuals have the capacity to obtain, process,
and understand basic health information and services needed
to make appropriate health decisions.” [21]. Other cognitive
factors, while emerging as important theoretical constructs,
have been studied less often in an empirical context. Sometimes
these constructs are merged with the concept of health literacy
(for a review of the conceptual underpinnings and research gaps
in health literacy [22,23]). Three of these
constructs—information literacy, science literacy, and
trust—were considered in this study.

Information Literacy
Pinto et al reviewed the evolution of information literacy as a
term and concept [24]. One useful definition is that information
literacy is “a set of aptitudes to locate, handle, evaluate and use
information efficiently for a wide variety of purposes, generating
competent citizens who are better able to perform their activities
in the new society” [24].

Information literacy instruction originated in libraries, in the
practice known as bibliographic instruction. For this reason,
both instruction and evaluation techniques were developed for
static, primarily print, sources [24] and not the information
content encountered by today’s social media users. For this
reason, the assessment of information literacy is typically
conducted by academic librarians engaged in the instruction of
a specific community of learners—from kindergarten through
college—to determine that those learners are meeting the goals
of a specific library instruction program. Instruments are
developed by librarians and for libraries to fit their institutional
missions. Information literacy is an essential learning outcome

according to the Association of American Colleges and
Universities [25].

Information literacy skills apply to any domain of information,
including but not limited to health. An information-literate
person is one who has “learned how to learn” [26]. That person
can find appropriate information resources to meet their specific
needs, can search those information resources effectively to
find information, and distinguish between different types of
resources based on characteristics that include quality markers.
Health literacy, in contrast, relates specifically to outcomes
affecting the health of the individual, for example, the ability
to function in the health care environment (Berkman et al [27]
presents a review of health literacy definitions).

Research assessing the effectiveness of information literacy is
difficult to find, in part, because there are very few measures of
the application of real-world learning [28]. However, the
importance of information literacy for effectively navigating
information and avoiding misinformation is in the very
definition of the concept of information literacy.

Science Literacy
Researchers in the field of science education describe scientific
literacy as comprising 3 components: (1) knowledge of science,
(2) knowledge about science, and (3) attitudes toward science
[29].

Knowledge of science refers to understanding specific scientific
concepts, for example, being able to explain how antibodies
bind to antigens. Research into the impact of knowledge of
science on daily life has been very limited, and the few existing
studies have produced mixed results. Layton et al [30] studied
how people make decisions in situations where science has a
potential bearing, for example, the older adults planning their
heating budgets. They found that people rarely framed their
problems as scientific ones, attending more to social and
emotional aspects (eg, the pleasure of a glowing heater). In
contrast, Keselman et al [31] found that the depth of biological
knowledge contributed to adolescents’ ability to reject myths
about HIV. Overall, there is no convincing evidence that the
knowledge of science is a ubiquitous and powerful aid in
real-life situations. In part, the uncertain role of knowledge may
be attributed to the depth of knowledge required. More recently,
Keselman et al [7] evaluated websites promoting remedies for
type 2 diabetes and found that the treatment mechanisms
described on these sites referred to concepts well beyond high
school biology.

Knowledge about science refers to understanding what
constitutes a scientific question, how science may go about
deriving the answer, and the checks and balances that exist to
minimize bias and reduce errors [29]. Knowledge about science
is a potentially promising competency that may be related to
evaluating health information on the internet. Individuals with
this competency may be skeptical about conspiracy claims and
promises of simple solutions for complex problems and attentive
to egregious research design flaws. Although science education
recognizes the importance of knowledge about science [32,33],
empirical investigations are complicated by the absence of
operational definitions and assessment tools. Few instruments
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isolate this component from general science literacy; the one
instrument we found (and used as a basis for this study) targets
students in college-level science classes [34].

The third component, attitude toward science, incorporates the
view that science is valuable as an advantageous way to derive
knowledge about the natural world: understanding the
importance of the scientific process and trusting science as an
enterprise. Trust in science can undeniably influence individuals’
beliefs, consequential to matters of health. Agley and Xiao
conducted a cross-sectional survey on the believability of 5
COVID-19 narratives, ranging from scientific consensus to
conspiratorial [35]. Trust in science was the only significant
predictor of the acceptance of more scientifically grounded
narratives. Jennings et al [36] also found that trust played a role
in the willingness to get vaccinated and the rejection of
conspiracies.

While discussing science literacy throughout the rest of this
paper, we use the term to refer to the knowledge about science
component, as a generalizable aspect of science literacy that
can be addressed through science education. When we write
about knowledge of science, we refer to knowledge of the
immune system, as the area of science knowledge that is directly
applicable to the subject of our study.

In everyday situations that require weighing evidence, science
literacy may be overridden by other factors. One factor is
sociocultural. The cultural cognition thesis [37] proposes that
individual perceptions of societal risks cohere with values
characteristic of groups with which they identify. People process
information in a manner adjusted to preserve identity-consistent
rather than factually correct beliefs [36]. In a large-scale study
evaluating views on climate change, Kahan et al [38] found that
participants with the most sharply polarized cultural views, not
those with high scientific literacy, were most concerned about
climate change.

Pennycook et al [39,40] put forth a different kind of argument.
They draw on dual-process theory [41] to distinguish System
1 thinking—fast, intuitive, and effortless—from System 2
thinking—analytic and effortful. Pennycook et al [42] argue
that lazy System 1 thinking, more than strong partisan belief,
predisposes individuals to believe in fake news. People tend to
share false health claims from social media partly because they
fail to sufficiently consider whether the content is accurate [42].
Moreover, different information presentation formats tend to
trigger different systems, with film, compared with graphs and
formulas, being more likely to activate analytical reasoning
[43].

Trust
In social science literature, the concept of interpersonal trust is
a measure of social capital that reflects the goodwill and sense
of community that members of a society feel toward one another
[44]. Higher general trust is a sign of well-functioning
democratic societies and cohesive communities [45]. Multiple
studies have found that trust is positively correlated with
self-reported health and happiness [45]; trust is viewed as a
positive, desirable characteristic of individuals in societies.
Generalized trust also correlates with institutional trust in the

government and its foundational institutions. Rotter
distinguished between trust and gullibility by defining trust as
“believing others in the absence of a clear-cut reasons to
disbelieve” [46]. However, to the best of our knowledge, no
study has investigated the relationship between interpersonal
trust and web-based information behavior. In developing this
study, we were interested in understanding the relationship
among interpersonal trust, trust in health authorities (eg, leading
biomedical research organizations, public health authorities,
health care providers) and susceptibility to web-based health
misinformation.

Objectives
The study described in this paper has 3 specific objectives:

1. Assess individuals’ willingness to share a
non–evidence-based YouTube video about strengthening
the immune system and characterize types of evidence that
positively or negatively affect the opinion of a
non–evidence-based remedy.

2. Describe levels of information literacy, science literacy,
knowledge of the immune system, and trust among the
participants.

3. Characterize the relationship between information literacy,
science literacy, knowledge of the immune system, trust,
and the likelihood of recommending a YouTube video about
a supplement with an immunity-boosting claim.

Methods

Participants
Participants (N=150) were recruited via Regional Medical
Libraries (RMLs) of the National Network of the Libraries of
Medicine (NNLM). NNLM is a diverse network of 7186
academic health sciences libraries, other special biomedical
libraries, public libraries, information centers, and
community-based organizations. RMLs coordinate the
Network’s operations in their regions, supporting and
coordinating regional and national programs focused on health
information. One coauthor emailed the 8 RML Associate and
Executive Directors in late November of 2020 and requested
permission to send out the study recruitment announcement to
public libraries and community organizations using the listservs
in their networks. Listserv members—employees of NNLM
member organizations—were asked to promote the survey link
among their patrons or clients via means appropriate to their
environment. We hoped that this recruitment method would
increase the likelihood of the geographic and cultural diversity
of the participants. The announcement specified that participants
needed to be proficient in English and comfortable using the
internet. Professional librarians were excluded from the study.

The initial objective was to recruit 100 participants. Although
we did not have previous data that could serve as the basis for
power analysis to estimate the needed sample size, past
experience suggested that this number would provide a
sufficiently large sample size to answer our inferential questions;
however, it would also be small enough for a thorough review
of open-ended questions that would enrich the study. The first
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response was received on December 2. On December 3, the
survey was closed because the target number had been reached.

Participants came from 34 US states, including Alaska and
Hawaii, and from the District of Columbia. Demographic
characteristics of the participants are presented in Table 1.

Upon completing the survey, participants received a US $50
Amazon e-gift card. The study protocol was exempted from
Institutional Review Board’s review by the National Institutes
of Health Office of Human Subjects Research.

Table 1. Demographic characteristics of the participants (N=149)a.

Participants, n (%)Demographic characteristics

Age (years)

35 (23.5)18-29

87 (58.4)30-49

24 (16.1)50-64

3 (2)65+

Education

12 (8.1)High school or less

28 (18.8)Some college

83 (55.7)College graduate

26 (17.4)Postgraduate degree

Gender

70 (47)Female

79 (53)Male

Race and ethnicity

89 (59.7)White

21 (14.1)Black or African American

17 (11.4)Hispanic or Latino

5 (3.4)Asian

10 (6.7)American Indian or Alaska Native

2 (1.3)Native Hawaiian or Other Pacific Islander

7 (4.7)Declined to answer

Residential setting

102 (68.5)Urban

11 (7.4)Rural

36 (24.2)Suburban

aOne participant did not complete the demographic section.

Instruments
Participants completed a web-based survey comprising the
following components (Multimedia Appendix 1).

Web-Based Health Information Evaluation Task
For this task, participants viewed a 5-minute YouTube video,
promoting a dietary supplement to strengthen the immune
system [47].

Participants received the following prompt:

Your cousin had a bad case of the flu last year and
did not fully recover for several weeks. In recent
years, your cousin has frequently suffered from cold
and occasionally flu. A friend told you about how

certain supplements can help rev up your immune
system. That friend recommends the following video:
(link to the video).

The video is an excerpt from the 2019 TMJ4-TV News episode
of The Morning Blend TV show, in which 2 anchors talk to a
Welltopia Pharmacy pharmacist about a cold and flu-fighting
dietary supplement Viracid, which is claimed to “boost your
immune system like no other.” The episode is sponsored by
Welltopia Pharmacy, and the sponsorship is clearly indicated
in the video caption. The studio table contains multiple bottles
of Viracid. On the close-up, viewers can see the price tag of US
$37.50 on a bottle with 60 capsules. The pharmacist
recommends taking one capsule of the supplement every hour
at the onset of cold and flu symptoms. The pharmacist claims
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that the ingredients are “very pure,” “in concentrated form,”
and “the best immune booster” on the market. The video offers
a 10% discount when buying the supplement.

After viewing the video, the participants answered several
questions. The first asked them how likely they were to
recommend the video to their cousin. The 4-point Likert score
answers ranged from Very unlikely to Very likely. Participants
were also asked to explain their decision and comment in free
text on the convincing and concern-raising aspects of the video.
Next, they were presented with several hypothetical pieces of
evidence and asked how likely that evidence was to affect their
opinion about the supplement. The answer options were Very
likely, negatively; Somewhat likely, negatively; No effect;
Somewhat likely, positively; and Very likely, positively. The
hypothetical pieces of evidence are as follows:

• A friend taking this supplement for the past 2 years had not
had a cold.

• The supplement’s rating on a crowdsourced review site is
4.5/5.

• The supplement’s rating on a crowdsourced review site is
2.3/5.

• A survey of consumers of the product reported that 85%
did not have the flu within a year.

• Positive reviews on the supplement producer’s website.
• The explanation of the supplement’s biochemical

mechanism of action on the company’s website.
• Knowledge that the supplement has not been evaluated in

a clinical trial.
• The National Institute of Allergy and Infectious Diseases

(NIAID) review finding inconclusive evidence about the
effectiveness of the supplement.

• NIAID review finding evidence of the effectiveness of the
supplement in reducing the frequency and severity of
respiratory infections.

Participants had the opportunity to explain their ratings.

Demographic Survey
The demographic survey included questions about participants’
gender, age, race and ethnicity, highest level of education
achieved, and place of residence.

Information Literacy Survey
The information literacy survey, developed by the authors,
comprised 6 multiple-choice questions. The questions were
modeled on skill domains and questions presented in 2 existing
instruments: Test of Scientific Literacy Skills (TOSLS) [34]
(refer to the Science Literacy Survey section) and Parenting
Plus Skills Index [48]. The Parenting Plus Skills Index was
validated in 3 samples of 500 Australian adults, ages 20-44
years. In addition, McKenzie’s checklist for evaluating health
information [49], which is not an instrument but a decision aid
intended for health educators to share with consumers, was used
to further support the choice of particular domains of skills to
test. The internal consistency of the survey, measured by
Cronbach α, was 0.62 considered acceptable [50].

Science Literacy (Knowledge About Science) Survey
This survey, which comprised 12 multiple-choice questions,
was developed based on TOSLS, with a number of
modifications. TOSLS, which measures the scientific literacy
skills of students in undergraduate biology classes, includes
questions that assess competency in 9 scientific literacy skills.
Of these 9, we adopted 2, identifying a valid scientific argument
and understand elements of research design and how they impact
scientific findings or conclusions, as highly relevant to
evaluating the content of web-based health claims. We excluded
skills that pertained to conducting first-order research inquiry
and analyzing and presenting quantitative data (solve problems
using quantitative skills, including probability and statistics),
as we saw these as more relevant to performance in
undergraduate biology classes than to consumer health tasks.
We also excluded evaluate the validity of sources, viewing this
as a key information literacy competency, measured by our
information literacy test. Finally, we excluded questions that
involved judging the appropriateness of the use of science by
government, industry, and media.

To develop our measure, we adopted the structure and content
of some questions and answer options by Gormally et al [34],
while simplifying the language (as our primary audience was
not a college class) and editing the content to make it applicable
to the health domain. We also wrote several additional
health-specific questions and answer options that pertained to
the 2 scientific literacy skills relevant to our task. The resulting
measure comprised 12 questions, 5 assessing the ability to
identify a valid scientific argument, and 7 assessing
understanding of research design and how it pertains to scientific
findings.

TOSLS was developed through an iterative process using
built-in validation procedures. According to Gormally et al [34]:

...measures of validity included correspondence
between items and scientific literacy goals of the
National Research Council and Project 2061, findings
from a survey of biology faculty, expert biology
educator reviews, student interviews, and statistical
analyses.

Although TOSLS validity data do not extend to our measure,
TOSLS provides a theoretical foundation for our
conceptualization of scientific literacy as it pertains to evaluating
web-based health information. The items were developed
through several iterative review and discussion rounds by the
4 authors. The internal consistency of our science literacy
survey, measured by Cronbach α, was 0.6, which is considered
acceptable [50].

Immune System Knowledge Survey
We devised a five-question immunology knowledge assessment
test to measure the basic knowledge of the immune system. The
questions were developed with the expectation that anyone who
had taken a middle or high school biology course could answer
them correctly. The issue is whether someone with basic
knowledge of the immune system would assess the claims
expressed in the video from a more critical vantage point.
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Immunology is an immensely complex topic that addresses
issues well beyond the scope of our study.

Interpersonal Trust Survey
This survey assessed interpersonal trust and included one
question commonly used in interpersonal trust surveys [51].
The question asked, “Generally speaking, would you say that
most people can be trusted or that you cannot be too careful in
dealing with people?” The answers required choosing a number
on the scale from 1 to 5, where 1 meant you can’t be too careful
and 5 most people can be trusted.

Trust in Health Authority Survey
This survey, developed by the researchers, assessed participants’
trust in 5 established authoritative health information sources:
the Centers for Disease Control and Prevention, National
Institutes of Health, major research universities, national
voluntary health associations (the survey included American
Diabetes Association as an example), and responders’ primary
health care providers. The answer options ranged on a 5-point
Likert scale, from don’t trust at all to trust completely. The
questions were developed based on a literature review of trust
in health care and biomedicine [52]. The internal consistency
of the health authority trust items, measured by Cronbach α,
was 0.64 and considered acceptable [50].

Data Collection and Preparation
The survey data were collected using Qualtrics XM, a widely
used survey software. As a quality control measure, we removed
responses that were submitted multiple times (those containing
near-identical narrative answers) and responses that were
completed in less than 20 minutes. The cutoff was determined
empirically by the authors by completing the task as rapidly as
possible while viewing the entire video and giving meaningful
answers. The resulting data set included 150 responses. One of
the participants completed the main information evaluation task
only; another completed all the tasks except for the scientific
literacy survey, which the participant left partially incomplete.
The remaining 148 responses were complete. Missing data for
the 2 partial responses were imputed from the means of the
corresponding variables.

Data Analysis
For quantitative analysis, we used multiple-choice data that did
not require coding. Scores for each survey were obtained as a
simple count of the correct answers. Open-ended responses
were reviewed carefully and used to provide illustrations and
outline the narrative context of the quantitative data. SPSS
(IBM) was used for quantitative data analysis. All subsections
of the Results section, except for the last one, titled
“Relationship between willingness to share the video and
information competencies,” report descriptive statistics
illustrated by narrative examples. The last subsection reports
the results of the inferential analysis using the statistical
methodology described in this subsection.

Results

Willingness to Share the Video and Conceptualization
of Evidence
Overall, the participants found the video worth sharing. Of the
150 participants, 70% (105/150) were very likely (47/150,
31.3%) or somewhat likely (58/150, 38.7%) to recommend the
video to their respective cousin, whereas only 11.3% (17/150)
were very unlikely to do that. Those likely to recommend the
video put forward several reasons why they found it worth
forwarding. Some had to do with their previous beliefs about
the effectiveness of dietary supplements and the particular
ingredients in the advertised supplement to enhance the immune
system.

For example, one participant stated:

I am a firm believer in supplements.

and another wrote:

With ingredients like Zinc and Elderberry, I feel more
confident in this pill, as I bombarded myself with
elderberry last flu season and it seemed to stop my
cold.

Other reasons had to do with the confidence in the wisdom of
the crowd and the quality control afforded by the visibility of
public opinion in the internet era, “If the quality is not good,
many people [would] have complained.” Some expressed trust
in the channel or TV show on which the video aired, and with
which they had prior familiarity. A number felt that there was
no harm in trying something that may potentially be of help (eg,
“Since [he] hasn’t recovered for a few weeks, try all of them,
maybe it works”). However, many others provided statements
that did not include justifications (eg, “It’s a good choice and I
think it will work”).

The participants who were unlikely to recommend the video
also provided different justifications. Some mentioned the
absence of evidence of the supplement’s effectiveness or the
lack of Food and Drug Administration’s approval. Many were
taken aback by the proposed schedule of taking the supplement
every hour. Typically, regardless of their willingness to share
the video, participants did not provide multiple reasons and did
not weigh pro and con arguments against one another.

Participants were also presented with a number of hypothetical
statements that could be viewed as evidence and asked whether
these would affect their opinion about the supplement, either
positively or negatively (Table 2 contains statements and the
results). The large majority responded that their opinion about
the supplement would be positively influenced by factors that
do not meet the criteria of valid scientific evidence. These
included a friend’s account of a positive experience with the
supplement (124/150, 82.7% of individuals), high customer
ratings on a website of crowdsourced reviews (108/150, 72%
of individuals), a survey of supplements consumers done without
controls (99/150, 66% of individuals), and a statement on the
supplement producer’s site that 9 out of 10 people found the
product beneficial (98/150, 65.3% of individuals).
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Table 2. Likelihood of the following things affecting the opinion about the supplement (N=150).

Participants, n (%)Statement

Negative effectaNo effectPositive effecta

5 (3.3)21 (14)124 (82.6)You speak to another friend, and she says that she has been taking this product for the past 2

years and has never caught a cold.b

13 (8.6)29 (19.3)108 (72)A crowdsourcing review website focused on supplements found that almost every reviewer

had positive things to say about the supplement (its average rating being 4.5 out of 5 stars).b

86 (57.3)40 (26.6)24 (16)A crowdsourcing review website focused on supplements found that many people were dissat-

isfied with the supplement (its average rating being 2.3 out of 5 stars).c

4 (2.6)47 (31.3)99 (66)A survey of consumers who had been using the product for the last year indicates that 85% of

them did not get the flu last year and 15% got the flu.b

4 (2.6)48 (32)98 (65.3)On the supplements company’s website, they state that a study found that 9 out of 10 people

found the product to be beneficial.b

6 (4)52 (34.6)92 (61.3)On the supplements company’s website, a video explains the benefits of the supplement in

terms of the biochemistry of how it boosts the immune system.b

99 (66)31 (20.6)20 (13.3)This supplement has never been tested in a controlled clinical trial.c

73 (48.6)37 (24.6)40 (26.6)A year later, a review by scientists from the National Institute of Allergy and Infectious Diseases

concludes that scientific evidence about the effectiveness of this supplement is inconclusive.c

5 (3.3)18 (12)127 (84.6)Another year later, a new review by scientists from the National Institute of Allergy and Infec-
tious Diseases concludes that scientific evidence supports the claim that this supplement reduces

frequency (how often) and severity (how bad) of respiratory (breathing-related) infections.b

aCombines very likely and somewhat likely.
bMay be perceived as in favor evidence.
cMay be perceived as against evidence.

In explaining their responsiveness to potential influences, many
participants stressed the value of their friends’ personal
experiences. They described relationships with friends as built
on trust, which translated into the information being seen as
trustworthy. For example, one participant said, “Personal
experience from a trusted person is persuasive.” The term trust,
mentioned frequently, was described as an assurance of accuracy
and objectivity:

I trust what my friends say. So her experience would
make me believe in the product’s efficacy more than
the information from the morning show guest. I
perceive the guest to have a pecuniary interest in
sales of the product.

Many respondents also had positive views of reviews on
crowdsourcing sites. Although some mentioned possible reasons
for skepticism, such as the number of reviews or reviews by
bots, many felt reassured by the absence of negative reviews.
For example, one respondent wrote, “So many people use it and
the effect is very good, so I believe this product has good
quality.” However, others preferred to obtain recommendations
from their doctors.

In considering a survey that found that 85% of the product’s
users did not get the flu in a year, most felt reassured by the
number, stating that, in their experience, the number was high
enough to suggest that the product was effective. There were
also some doubts voiced by participants; for example, “I have
a feeling that people who seek out and spend money on
supplements like these tend to be healthier in many areas of

their lives, so are less likely to get the flu in general.” Responses
to testimonies and claims of effectiveness on the company’s
site also included a mix of positivity and skepticism. They
ranged from “They did research and the results are good, so I
think the product quality is good” to “The credibility of research
done by his own company is not guaranteed.”

Participants also reacted to the hypothetical scientific evidence.
A total of 73 (48.6%) participants said their opinion of the
supplement would be negatively affected if a study by the
NIAID deemed the evidence of the supplement’s effectiveness
inconclusive. Overall, 99 (66%) participants reacted to “This
supplement has never been tested in a controlled clinical trial”
by stating that this would affect their opinion very or somewhat
negatively. Had a NIAID study found evidence of the
supplement’s effectiveness, 127 (84.6%) respondents’ opinions
would be positively affected. Overall, many participants
expressed a view of science as an important foundation of
health-related knowledge. They referred to scientists as having
“authority” and “credibility.” One person stated, “Dr. Fauci and
the National Institute of Allergy and Infectious Diseases conduct
research in a scientific manner and this is very good.” Many
expressed trust in NIAID and “national institutions,” “public
health agencies,” and “government agencies.” Skeptical voices
also existed: “I would still be skeptical, and would want to know
about who funded the study, what they found, how much the
supplement actually reduced frequency, severity, etc.” Yet others
explicitly preferred their own conclusions and experience.
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Information Competencies

Information Literacy
For the information literacy measure with a possible range of
scores from 0 to 6, participants’ mean score, or the number of
correct responses to the multiple-choice questions, was 3.23
(SD 1.72). Table 3 shows the distribution of information literacy
scores.

Responses to individual information literacy questions are
summarized in Table 4. In evaluating the reliability of
information sources, most participants recognized the value of
dot-gov and, to a lesser extent, dot-edu domains. For example,
in choosing among 3 possible websites in search of “unbiased
information” about food to support a child’s immune system,

72.4% (108/149) responders chose a dot-gov site that was
“checked by health professionals.” In deciding which site was
most likely to provide accurate health information, 59.7%
(89/149) chose “an institute run by the US government,”
followed by “a support group for patients living with a particular
illness” (46/149, 30.9%). In choosing the most reliable site
between Harvard Health Publishing website, Healthline website,
Medlinx website, and BBC website, a little over half (77/149,
51.7% of respondents) wrote that the Harvard site was the most
reliable. When it came to evaluating author credentials as
markers of their authority and qualification to write about the
immune system, a little over half (76/149, 51%) participants
chose an allergist (a physician specializing in immune deficiency
disorders) over a food chemist (28/149, 18.8%), a naturopath
(27/149, 18.1%), or a health blogger (18/149, 12.1%).

Table 3. Distribution of participants’ information literacy scores (N=149).

Participants, n (%)Score

6 (4)0

19 (12.8)1

28 (18.8)2

39 (26.2)3

18 (12.1)4

16 (10.7)5

23 (15.4)6

Table 4. Information literacy, correct responses (N=149).

Correct responses, n (%)Answer optionsaQuestion

108 (72.5)Lisa has a toddler and is looking for a website with unbiased information
about food to support her daughter’s immune system. She finds 3 websites.
Which of the sites is the best option for Lisa?

• The 3 options differ in domains (dot-com,
dot-gov, dot-info, recency, and back-
ground of authors)

89 (59.7)Which of the following sources’websites is most likely to provide accurate
health information?

• Four options ranging from a US federal
institution to a social media company
selling a health app

77 (51.7)You want to find more information about making your immune system
stronger. You type boost immune system into Google. From the results of
that search, which website is likely the most reliable information source?

• www.health.harvard.edu
• www.healthline.com
• www.medlinx.com
• www.bbc.com

76 (51)Which of the following authors would be the best qualified to write an
article about the immune system?

• a food chemist, PhD
• a naturopath, NMD
• a food blogger, MA
• an allergist, MD

72 (48.3)You go to the mercola.com website, which features health news and arti-
cles. The website states that “The entire contents of this website are based
upon the opinions of Dr. Mercola, unless otherwise noted.” Does this mean
the content has been reviewed by independent medical professionals (eg,
qualified doctors, nurses, or other health care providers?)

• Yes, definitely
• No, not necessarily

60 (40.3)The developers of a drink called BoostRx claim that their product increases
the effectiveness of the immune system. Which of the additional informa-
tion below would provide the strongest evidence supporting this claim?

• Four options that include published inde-
pendent studies, studies by the developer,
advertisements, and purchasers’ reviews

aCorrect answers in italics.
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Another information literacy question asked participants to
determine whether the content of a health information site was
verified by independent reviewers. Despite the explicit statement
in the question that “the entire contents” were based on the
opinions of the site’s owner, Dr. Mercola, fewer than half
(72/149, 48.3%) of the participants chose no, not necessarily,
whereas the majority (77/149, 51.7%) believed that the site was
probably verified by independent medical professionals.

The most difficult information literacy question turned out to
be the one asking participants to choose a piece of information
that would provide the strongest evidence for the claim that a
drink called BoostRx increased the effectiveness of the immune
system. Only 40.3% (60/149) of respondents correctly chose
links to published studies that did not involve developers. A
total of 31.2% (47/149) chose reviews by satisfied purchasers,
24.9% (37/149) preferred articles written by one of the

developers, and 5 selected advertisements on the developer’s
site.

Immune System Knowledge
For the measure of immune system knowledge, with possible
scores ranging from 0 to 5, the mean score was 2.38 (SD 1.34).
The distribution of scores is presented in Table 5.

The question answered correctly by most of the participants
was “What do vaccines do?” The majority, 70.5% (105/149),
selected “Stimulate the immune system to produce antibodies.”
The majority (100/149, 67.1% of participants) also recognized
that white blood cells produced antibodies. A little fewer than
half (72/149, 48.3%) were able to answer what constituted the
first line of defense against microbes (skin). About a third,
approximately 36.2% (54/149) correctly selected the answer
that described the relationship between antibodies and antigens.
Finally, only 16.1% (24/149) recognized that all 3 organs, cells,
and chemicals were components of the immune system.

Table 5. Distribution of participants’ immune system knowledge scores (N=149).

Participants, n (%)Score

12 (8.1)0

29 (19.5)1

38 (25.5)2

43 (28.9)3

17 (11.4)4

11 (7.4)5

Science Literacy
For the measure of science literacy, with possible scores ranging
from 0 to 12, the mean score was 6.57 (SD 2.40). The
distribution of the scores is shown in Table 6.

Table 6. Distribution of participants’ science literacy scores (N=148).

Participants, n (%)Score

0 (0)0

0 (0)1

0 (0)2

10 (6.8)3

23 (15.5)4

29 (19.6)5

17 (11.5)6

22 (14.9)7

13 (8.8)8

8 (5.4)9

14 (9.5)10

11 (7.4)11

1 (0.7)12

The questionnaire included 2 question formats. The first
presented an accurate or faulty reasoning statement and asked,

“Is this a good scientific argument?” The other format described
the design of a study, either well-designed or problematic, and
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a conclusion, and asked whether, based on the presented
information only, any other factors could explain the difference
(Table 7). In both cases, participants were less likely to
recognize faulty reasoning or design than they were to doubt
good logic and well-designed experiments. The most difficult

questions turned out to be those that required recognizing
potential confounding factors in the research design. Considering
base rates and sample sizes also proved challenging (see Table
7 for examples).

Table 7. Selected questions requiring recognizing potential confounds in research design (N=148).

Correct, n (%)AnsweraQuestion

47 (31.8)Researchers want to study how noise affects task performance. They randomly put participants into 2
groups. Females make up 35% of the first group and 75% of the second group. Participants in the first
group complete a moderately difficult task in a quiet room. Participants in the other group do the same
task in a noisy room. Researchers say that any differences in performance between the groups will be
because of the noise. Based on this information only, do you see any other factors that may explain the
difference?

• Yes
• No

63 (42.6)This year, there were 100,000 more cases of adolescent depression diagnosed in the US than last year.
Thus, adolescent depression in the US is on the rise. Is this a good scientific argument?

• Yes
• No

58 (39.2)Researchers in a cancer clinic test a new drug in 12 patients with a rare cancer. None of the patients ex-
perience any dangerous side effects. The researchers concluded that the drug is safe. Based on this infor-
mation only, do you see any factors in the design that make you less confident about the researchers’
interpretation of their findings?

• Yes
• No

77 (52)Many people who take multi-vitamins do not catch colds frequently. Thus, taking multi-vitamins prevents
colds. Is this a good scientific argument?

• Yes
• No

aCorrect answers in italics.

Trust
On the measure of interpersonal trust, deciding whether most
people can be trusted where 1 meant you can’t be too careful
and 5 most people can be trusted, the majority of respondents

leaned toward trusting people. Although most participants
trusted major biomedical research and policy organizations and
the health care establishment, a not so small minority was
skeptical of them (Table 8). The mean health authority trust
score was 20.08 (SD 2.81) out of 25.

Table 8. Trust in health authority (N=149).

Participants, n (%)

5 (trust completely)4321 (do not trust at all)

16 (10.7)68 (45.6)47 (31.5)7 (4.7)11 (7.4)Majority of peoplea

66 (44.3)55 (36.9)16 (10.7)11 (7.4)1 (0.7)National Institutes of Health

50 (33.6)68 (45.6)21 (14.1)9 (6)1 (0.7)Centers for Disease Control and Prevention

42 (28.2)71 (47.7)33 (22.1)3 (2)0 (0)Your primary doctor or health care provider

45 (30.2)61 (40.9)39 (26.2)3 (2)1 (0.7)A national health association, such as American Diabetes Asso-
ciation

38 (25.5)65 (43.6)38 (25.5)5 (3.4)3 (2)A major university that conducts biomedical research

aFor this question, answer options are 1=cannot be too careful and 5=can be trusted.

Relationship Between Willingness to Share the Video
and Information Competencies
For the inferential analysis, we were interested in the impact of
information literacy, science literacy, knowledge of the immune

system, interpersonal trust, and trust in health authority on the
likelihood of recommending the video.

As a first step in the analysis, we looked at pairwise correlations
among the independent variables of interest. The variables were
highly correlated (Table 9).
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Table 9. Correlations among independent variables (with significance level; N=150).

Health authority trustInterpersonal trustImmune system knowledgeScience literacyInformation literacyIndependent variable

Information literacy

0.143−0.390a0.286a0.505a1.000r

.08<.001<.001<.001N/AbP value

Science literacy

0.175c−0.228a0.357a1.0000.505ar

.03.005<.001N/A<.001P value

Immune system knowledge

0.112−0.1571.0000.357a0.286ar

.17.06N/A<.001<.001P value

Interpersonal trust

0.235a1.000−0.157−0.228a−0.390ar

.004N/A.06.005<.001P value

Health authority trust

1.0000.235a0.1120.175c0.143r

N/A.004.17.03.08P value

aSignificant at the .001 level (2-tailed).
bNot applicable.
cSignificant at the .05 level (2-tailed).

As interventions often target a single variable, we wanted to
compare effect sizes of single predictor models. To do this, we
conducted 5 single-predictor regression analyses of the
independent variables on the 4-level likelihood of recommending

the video. To correct for multiple hypotheses, the significance
of the models was assessed at P<.01. The data are summarized
in Table 10.

Table 10. Comparing single predictor models.

P valuet test (df)Unstandardized coefficient
B (CI; SE)

Standardized

coefficient β
Adjusted R2aP valueF test (df)Independent variable

<.001b−5.59 (148)−0.236 (−0.320 to −0.153;
0.042)

−0.4170.17<.001b31.24
(1,148)

Information literacy

<.001b5.38 (148)0.393 (0.249 to 0.538;
0.073)

0.4050.16<.001b29.04
(1,148)

Interpersonal trust

<.001b−3.41 (148)−0.110 (−0.174 to −0.046;
0.032)

−0.2700.07<.001b11.65
(1,148)

Science literacy

.01c−2.48 (148)−0.146 (−0.262 to −0.030;
0.059)

−0.2000.03.01c6.17
(1,148)

Immune system

knowledge

.121.55 (148)0.044 (−0.012 to −0.101;
0.029)

0.1260.01.122.40
(1,148)

Health authority trust

aReflects proportion of variance accounted by the model.
bStatistically significant at P<.01.
cApproaches significance at P<.01.

The analysis shows that, as single predictors, information
literacy had the largest effect size, predicting the largest amount
of variance in the dependent variable (17%). Although only
22% (5/23) of the participants with the highest possible
information literacy score of 6 said they would share the video,
95% (18/19) with a score of 1 would share it. The percentage
of participants wishing to share the video increased sharply at

the information literacy score of 5 (11/16, 69%) and continued
to increase (41/57, 72% at the scores of 4 and 3, 25/28, 89% at
the score of 2).

The effect size of information literacy was closely followed by
that of interpersonal trust (accounting for 16% of the variance).
Science literacy as a single predictor accounted for 7% of the
variance in the dependent variable and immune system
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knowledge for 3%. Trust in health authority had no significant
effect as a single predictor.

To compare the strength of associations, we calculated
correlations of each predictor with the dependent variable and
then used the Fisher r-to-z transformation. The analysis revealed
that the top 3 predictors, namely information literacy,
interpersonal trust, and science literacy, were not statistically
different in the magnitude of their association with the likelihood
of sharing the video.

The effects of the variables were in the expected directions:
higher information literacy, science literacy, and immune system
knowledge scores were associated with a lower likelihood of
recommending the video. Higher interpersonal trust was
associated with a greater likelihood of recommending the video.

Due to multiple correlations leading to expectation of shared
variance, we also performed a linear regression with all 5
independent variables in the single model. Multicollinearity
diagnostic tests were performed and did not raise concerns about
violations of assumptions for regression (all VIFs≤1.48). The
model was statistically significant, F1,144=10.60; P<.001, and
accounted for 24% of the variance in the likelihood of
recommending the video. In the final model with all the
predictors entered, information literacy (2-tailed t149=−3.26;
P=.001) and interpersonal trust (t149=2.85; P=.005) were
statistically significant; trust in health authority approached
significance (t149=1.72; P=.09); immune system knowledge and
science literacy were not significant with the other factors in
the model.

The overall analysis suggests that information literacy, science
literacy, immune system knowledge, and interpersonal trust
were related to participants’ willingness to share the video; the
impact of trust in health authority was marginal. Moreover, the
correlation among the predictors and different significance of
the variables in the single predictor and multiple predictor
models suggest the possibility of mediation. For example, it is
possible that information literacy mediated the impact of
scientific literacy variables, with science literacy variables
influencing judgment not directly, but by affecting information
literacy.

Discussion

Overview
This study confirms that people are vulnerable to web-based
misinformation and are likely to propagate it by sharing it with
others [8-19]. In evaluating claims, they are often influenced
by the information that science and information professionals
within the normative health care paradigm do not consider
supporting evidence. Examples include hearsay, majority
opinions, or statements by those with conflicts of interest. The
study also shows that information literacy, science literacy, and
health domain knowledge are challenging competencies. None
of this is surprising.

Theoretical and Practical Contributions
The study’s major theoretical and practical contribution to the
field is in demonstrating that greater information literacy and
science literacy are associated with lesser vulnerability to
misinformation and lesser propensity to share it. Although the
field of eHealth recognizes these literacies, they have received
little attention in empirical research [53]. Although the
relationship is complex, and vulnerability to misinformation is
affected by a host of interacting factors, programs that target
information literacy and understanding of science hold promise
for helping individuals and communities. Of these 2 factors,
information literacy is easier to address in informal educational
settings, such as libraries, community organizations, and health
clinics. Science literacy, on the other hand, is primarily
developed over a period of years in a science classroom. Still,
the two correlate and likely influence one another, pointing to
the value of a collaborative conversation among school science
educators, information professionals, and health professionals.

Another contribution of this study to the field is providing a
starting point for building instruments for assessing information
literacy and science literacy as they pertain to health information
and information behaviors. The instruments developed for this
study build on existing tools developed for related purposes.
Although developing robust psychometric instruments requires
multiple rounds of item testing and adjustment that are beyond
the scope of this study, the internal consistencies of our initial
instruments pose them as a feasible foundation. Further work
is needed to sharpen and validate them for use in consumer
health information contexts.

Finally, unlike much research into the public’s reaction to
web-based health information [8,10,14], this study focuses on
a YouTube video, rather than web text. YouTube videos as an
information source pose a unique challenge to consumers: their
authorship and ownership are often harder to establish, whereas
auditory information and the absence of hyperlinks make
verifying authority and fact checking more challenging. In
addition, existing web-based information evaluation criteria
have not been optimized for assessing the quality of videos
[54,55]. At the same time, videos are an attractive format to
watch and easy to share, and studying consumer behavior in
sharing online health videos is important.

The Issue of Trust
This discussion would be incomplete without addressing the
issue of trust and the need for further research into the
relationship between trust and vulnerability to health
misinformation. One important area of trust that merits further
investigation is trust in science [52]. In designing our science
literacy instrument, we chose to focus on knowledge about
science (eg, understanding scientific methods and
argumentation), rather than on trust in science as an enterprise.
In evaluating potential supporting evidence for the claims made
in the video, our participants made many positive claims about
science. For example, clinical trials of the effectiveness of the
supplement were the type of evidence that raised confidence in
the supplement for the greatest number of participants. In future
research, we intend to explore trust in science more closely.
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The 2 kinds of trust that were investigated in this study,
interpersonal trust and trust in health authority, also merit further
investigation. It was unexpected that trust in health authority
was only marginally associated with vulnerability to
misinformation and in only one of the models. This may be due
to the specific health information domain addressed by the study,
dietary supplements for strengthening the immune system.
Scientific data addressing the impact of supplements on health
are very complex and do not easily translate into evidence-based
public health messaging. In other areas, such as attitudes toward
vaccination, trust in health authority and vulnerability to
misinformation may have a stronger association.

Interpersonal trust’s association with vulnerability to health
misinformation posits a philosophical challenge. In a way, it is
not surprising that people who are less trusting in general are
also more skeptical of overgeneralized, inflated promises of
cures, unsupported by research evidence. At the same time,
social science research does not equate trust with gullibility
[46] and generally views higher interpersonal trust as a
characteristic of healthy functional societies. Institutional trust
also positively correlates with trust in societal institutions [45]
and should be expected to correlate with trust in science and
health care establishments. To the best of our knowledge, no
studies have conducted an in-depth investigation of different
types of trust related to the spread of misinformation on the
internet. The topic, however, is important, especially as it relates
to misinformation around COVID-19 infodemic, and merits
further studies.

Implications for Education and Consumer Health
Informatics
Efforts to help the public navigate and share health information
in the era of social media can be of 2 kinds. The first kind
involves programs, activities, and materials that target
individuals’ information competencies. Such programs can
occur in a variety of settings, focusing on helping individuals
analyze the characteristics of information sources, presentation,
and content. Our study suggests that such interventions have
promise. At the same time, information and science literacy
develop over time, growing with many educational and personal
experiences, so easy fixes are unlikely. Moreover, these
competencies do not tell the full story when it comes to
predicting information behavior. As an illustration, in our
sample, many participants with high competencies scores
expressed an intent to share the video. The science literacy
background section of this paper discusses how people often
make choices that appear inconsistent with their scientific
knowledge, driven by considerations of group identity [38] or
fast reactive responses [40].

The second kind of approach to supporting the public involves
leveraging technologies. Examples of technologies can vary,

from fact-checking sites to machine learning misinformation
detection tools [56]. The development of such tools is important
because it alleviates the burden of being vigilant for consumers
and also reduces the cognitive load while processing complex
information. This entails less time commitment than educational
efforts.

However, technology alone will not solve the problem of
misinformation. The challenge of evaluating information
authority applies to a fact-checking tool as much as it applies
to a YouTube video selling dietary supplements. Moreover,
trust in information and information providers is critical for the
acceptance of any information technology. Helping individuals
recognize web-based health misinformation is a complex,
multifaceted enterprise that should involve the collaborative
efforts of researchers, technology developers, librarians,
educators, and community outreach specialists.

Limitations and Directions for Future Research
As this study was conducted with a small nonrepresentative
sample, it does not provide information on the general picture
of the propensity to share health misinformation on the internet,
as well as related literacies, in the population. Moreover, the
study used a hypothetical scenario and could not draw on the
complex social factors that affect decisions to share information
in real life (eg, approval and status seeking). Supplementing
this study with research into real-world health information
sharing decision making will provide more nuanced data for
future understanding of the issue.

Furthermore, no validated psychometric instruments exist
currently for assessing information literacy and science literacy
in the context of web-based health information behavior.
Although our research instruments were designed with care, the
formal process of designing, testing, adjusting, and validated
psychometric tools was outside the scope of our study. Although
the internal consistency data of our instruments were acceptable,
a higher reliability is expected of formal instruments. We hope
that as attention to information literacy, science literacy, and
trust grows, such robust instruments will emerge. At present,
our results should be interpreted with the understanding that
they are affected by our specific selection of questions and
answer options in our instruments. As the lower internal
consistency of instruments makes the effects more difficult to
detect, the sizes of the effects found here may be greater in
future studies.

Finally, our study involved a survey methodology with a
primarily quantitative focus, an approach that works better for
establishing relationships than for describing them in depth. An
interview study probing participants’ reasoning would provide
a nuanced richness of information on this important topic.
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Abstract

Background: In the absence of official clinical trial information, data from social networks can be used by public health and
medical researchers to assess public claims about loosely regulated substances such as cannabidiol (CBD). For example, this can
be achieved by comparing the medical conditions targeted by those selling CBD against the medical conditions patients commonly
treat with CBD.

Objective: The objective of this study was to provide a framework for public health and medical researchers to use for identifying
and analyzing the consumption and marketing of unregulated substances. Specifically, we examined CBD, which is a substance
that is often presented to the public as medication despite complete evidence of efficacy and safety.

Methods: We collected 567,850 tweets by searching Twitter with the Tweepy Python package using the terms “CBD” and
“cannabidiol.” We trained two binary text classifiers to create two corpora of 167,755 personal use and 143,322 commercial/sales
tweets. Using medical, standard, and slang dictionaries, we identified and compared the most frequently occurring medical
conditions, symptoms, side effects, body parts, and other substances referenced in both corpora. In addition, to assess popular
claims about the efficacy of CBD as a medical treatment circulating on Twitter, we performed sentiment analysis via the VADER
(Valence Aware Dictionary for Sentiment Reasoning) model on the personal CBD tweets.

Results: We found references to medically relevant terms that were unique to either personal or commercial CBD tweet classes,
as well as medically relevant terms that were common to both classes. When we calculated the average sentiment scores for both
personal and commercial CBD tweets referencing at least one of 17 medical conditions/symptoms terms, an overall positive
sentiment was observed in both personal and commercial CBD tweets. We observed instances of negative sentiment conveyed
in personal CBD tweets referencing autism, whereas CBD was also marketed multiple times as a treatment for autism within
commercial tweets.

Conclusions: Our proposed framework provides a tool for public health and medical researchers to analyze the consumption
and marketing of unregulated substances on social networks. Our analysis showed that most users of CBD are satisfied with it
in regard to the condition that it is being advertised for, with the exception of autism.

(J Med Internet Res 2021;23(12):e27307)   doi:10.2196/27307
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social media; social networks; text mining; CBD; cannabidiol; cannabis; public health; drug regulation; Twitter; sentiment analysis;
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Introduction

Although the cannabis plant has been used as a medication for
centuries, the use of cannabis was criminalized in the United
States in 1937. However, beginning in the 1990s, a few states
began allowing the medical use of cannabis even as the plant
remained illegal at the federal level [1]. As more states
introduced laxer cannabis policies, public interest in the
medicinal properties of cannabis evolved to embrace cannabidiol
(CBD). CBD is an active chemical found in variants of the
cannabis plant that does not have the psychoactive side effects
of the tetrahydrocannabinol (THC) components of the cannabis
plant [2].

In recent years, the utility of medical cannabis has grown as a
major point of discussion in public policy, and especially in
online social media discourse [3,4]. In particular, consumers
have reported using CBD to treat various conditions, including
epilepsy and other neurological disorders, insomnia, and some
mental illnesses. CBD remains unregulated by the Food and
Drug Administration (FDA) and has not been subjected to the
same conclusive trials as most medications pertaining to its
many specific uses. In fact, the FDA has only approved one
cannabis-derived medication and three cannabis-related drugs
to date—all of which require a prescription—and it has not
approved marketing cannabis as a safe and effective drug for
treating any disease [5]. Palmieri et al [6] reported promising
results of CBD as a treatment for inflamed skin conditions and
scars. There have also been many studies performed on CBD
as a treatment for anxiety and sleep disorders [7-10], as a pain
reliever [11-13], and as a treatment for cancer and cancer side
effects [13-15].

Although most CBD-based medications and nutritional
supplements have not demonstrated safety and efficacy for the
numerous indications for which they are used, there are
nevertheless many claims in public circulation regarding the
effectiveness of CBD for a wide spectrum of ailments.

Social media serves as a primary location for viral CBD
marketing and individuals sharing their experiences of personal
use. Twitter, in particular, is a useful platform for understanding
how cannabis, including CBD, is marketed to consumers and
how individuals are using cannabis, as it provides a large corpus
of both personal and commercial tweets [3]. Additionally,
sentiment analysis can be used on personal and commercial
CBD tweets to gauge user satisfaction for CBD treatment of
particular medical conditions.

Thus, we propose a framework for the use of text mining in
social networks that can help public health experts understand
the landscape of personal and commercial claims and sentiments
about unregulated substances such as CBD. There are two
practical advantages to this framework. First, the data are readily
available, easy to access, and inexpensive to use compared to
administering surveys or utilizing data from governments and
health providers. Second, public health researchers have already
shown that sentiment analysis is an effective tool for
understanding the public perception of drugs, diseases, and
medical services as well as for detecting certain forms of
depression [16-19].

To demonstrate the usefulness of this framework, we
distinguished between tweets reflecting personal CBD use and
tweets reflecting the sales, promotion, and commercialization
of CBD. The two resulting corpora of tweets were analyzed for
medical-related terms such as conditions, side effects,
anatomical terminology, and use of other substances mentioned.
This approach allowed us to identify terms that are being used
in online CBD marketing in relation to the terms referenced by
individuals taking CBD. In addition, we performed sentiment
analysis on personal CBD tweets to gauge public opinion on
the effectiveness of CBD in treating certain conditions. We were
also able to use the Valence Aware Dictionary for Sentiment
Reasoning (VADER) model to compute the sentiment of the
personal and commercial CBD tweets making reference to
specific medical conditions. The VADER sentiment model was
used as it was specifically developed for analyzing sentiment
on posts made on social network sites such as Twitter [20].
Since its development, VADER has been used to gauge
sentiment on digital assistants among Twitter users, political
tweets, as well as course evaluations [21-24]

Findings from this study will provide important information on
public perceptions of CBD and how CBD is marketed through
a social media platform. Misinformation has increased with the
rise of social media. Recently, researchers have used social
networks to analyze these concepts with regard to medical
misinformation [25-28], which can contribute to negative health
outcomes. For this reason, unverified claims overstating,
exaggerating, and lying about CBD’s medical benefits have
circulated freely on the internet, leading many to wonder how
to assess the actual benefits (if any) of using CBD in medical
contexts. Some of the conditions referenced in these claims
include ear pain in infants, autism, attention deficit and
hyperactivity disorder, Parkinson disease, and Alzheimer disease
[29]. By analyzing personal and commercial tweets about CBD
using the adaptable and generalizable framework developed for
this study, public health and medical professionals can more
readily identify viral misinformation pertaining to CBD claims.

Methods

Framework Development
To build this framework, we collected tweets that make
reference to “CBD” or “cannabidiol.” We then took a random
sample of these tweets and labeled them as a personal CBD
reference (true/false) or commercial CBD reference (true/false).
Using these annotated tweets, we trained two binary text
classifiers to separate the personal and commercial CBD tweets
from the larger collection of tweets. Using these two corpora
of tweets, we identified the most frequently occurring medically
relevant terms (terms related to diseases, conditions, symptoms,
body parts, other substances, cannabis, etc) and compared these
term frequencies between the two corpora. Figure 1 provides a
visual description of our framework from data collection through
classification. We then computed the sentiment of the personal
CBD tweets containing specific terms using the VADER model
to assess the satisfaction of CBD for treating those conditions.
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Figure 1. Workflow of Tweet collection and classification. API: application programming interface; CBD: cannabidiol.

Data Collection
We collected tweets from the Twitter public stream using the
Tweepy Python package as an interface to the live Twitter
stream, which provides access to approximately 1% of the public
tweets as they are created. Our data collection ran from October
7, 2019, to January 26, 2020, and used the search terms “CBD”
and “cannabidiol.” We selected this period as it represents the
time when CBD had become popular. We restricted our
collection to an approximate 3.5-month period so that we could
collect a sufficient amount of tweets within a window of time
to avoid potential concept drift within the data. We also set
filters to collect tweets that were written in English and were
original (ie, no retweets). We did not want to include retweets
as the actual contents of these tweets are linked to another author
and are nearly identical in text to an existing tweet. For each
tweet collected, we kept the full-length tweet text, the ID of the
tweet, the time the tweet was created, and the Twitter user that
authored the tweet. The resulting collection consisted of a data
set of 567,850 tweets.

Tweet Annotation
To identify the personal and commercial-related CBD tweets
from our collection of 567,850 tweets, we built two binary

classifiers trained on a sample of 5496 tweets. This sample of
tweets was obtained by taking a 6000-tweet sample from our
collection and removing entries with verbatim duplicate tweets.
The process of annotating the personal CBD tweets consisted
of evaluating each tweet in the sample as to whether or not it
was posted from an individual (ie, not a “bot”) discussing the
past, current, and/or future use of CBD. The process of
annotating the commercial CBD tweets consisted of evaluating
each tweet in the sample as to whether or not it was posted from
an actual (ie, not a “bot”) nonnews entity selling, advertising,
or promoting CBD. These classifiers were used to distinguish
between personal and commercial CBD-related tweets. To train
these classifiers, all tweets in the sample were manually labeled
as either a personal CBD-related tweet or a nonpersonal
CBD-related tweet, and either a commercial CBD-related tweet
or a noncommercial CBD-related tweet, according to the content
in their full text, which consisted of a maximum of 280
characters. Textbox 1 provides some examples of the personal
and commercial CBD-related tweets, and Textbox 2 provides
some examples of the types of tweets referencing CBD that we
encountered that were considered erroneous for both the
personal and commercial CBD classes.

Textbox 1. Examples of personal and commercial cannabidiol (CBD)-related tweets (paraphrased slightly for anonymity). CBC: cannabichromene.

Personal CBD-related tweets.

CBD products are so good for anxiety, and they don’t make you high

I’ve used CBD for anxiety. It is WAY healthier than taking benzodiazepines…I also use CBC for pain. You know what else is bad for your liver?
Tylenol and Ibuprofen

Take some painkillers with sleeping aid like Tylenol or Advil PM or something…any CBD or weed maybe try that too

CBD gummies will not give you the high, but for me personally CBD oil edibles helped with anxiety and menstrual cramps

Commercial CBD-related tweets

Go Away!!!!Pain! We have a variety of CBD products for your needs.... Make sure to ask about our selection your next visit. URL

Over time, poor sleep can leave you feeling wrecked...Could CBD help? URL #cbd #cbdoil #hemp #cannabis #sleep #insomnia

Chronic Fatigue...Cannabis CBD THC oil – URL

Our CBD cream combines the relief potential of arnica and natural menthol oil with cocoa butter and the scents of eucalyptus & lavender
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Textbox 2. Examples of erroneous tweets (paraphrased slightly for anonymity). CBC: cannabichromene; CBD: cannabidiol; FDA: Food and Drug
Administration; THC: tetrahydrocannabinol.

If you live where medical marijuana is legal, get paid $3k a month to critique weed, CBD, edibles and more URL

The FDA is worried about CBD. Should you be concerned? URL

This room is half the size of my cbd apartment...

Flinders Street in Melbourne’s CBD has been re-opened following an earlier protest....Thanks for your patience during this disruption. #victraffic

Analysis of the manually annotated tweets indicated that the
classes of personal and commercial CBD-related data sets were
imbalanced; the nonpersonal CBD-related tweets occurred 7.7
times more than the personal CBD-related tweets, and the
noncommercial CBD-related tweets occurred 10.2 times more
than the commercial CBD-related tweets. To achieve a balance

of the classes in the training set, we downsampled both of the
positive classes in the training set by taking a random sample
equivalent in size to the negative class. Table 1 and Table 2
show the class frequencies for the personal and commercial
CBD-related tweet classes, respectively, prior to and following
downsampling.

Table 1. Training set for personal cannabidiol (CBD) class counts.

Postdownsampling, nPredownsampling, nClass

631631Personal CBD

6314865Nonpersonal CBD

12625496Total

Table 2. Training set for commercial cannabidiol (CBD) class counts.

Postdownsampling, nPredownsampling, nClass

480489Commercial CBD

48945,007Noncommercial CBD

9785496Total

Classification Training
Before training the binary classifiers to sort the full data set into
personal and commercial CBD-related tweets, we preprocessed
the text of the tweets by normalizing all URLs to one consistent
string, removing special characters and English part of speech,
converting all of the text to lowercase, and lemmatization. This
preprocessing was performed to reduce the noise in the data,
which would potentially impact the performance of our tweet
classifiers. The binary classifiers were then trained on 80%
(4396 of 5496) of the annotated sample and validated on the
remaining 20% (1099 of 5496) of the annotated sample. We
then created a matrix of the term frequency-inverse document
frequency (TF-IDF) features based on the words within tweets
using a range of n-grams from 1 to 3, as well as a matrix of the
TF-IDF features based on the characters within tweets using a

range of n-grams from 3 to 6. The resulting matrices were
stacked horizontally, which served as the input to our model
for training the classifiers.

To train the two binary classifiers, we performed a 5-fold
cross-validation grid search using a logistic regression model
to find the optimal combination of parameters. The range of
parameters is shown in Table 3. After training the binary
classifiers, we applied each model to the larger CBD corpora
of tweets. To compensate for the small validation set due to the
balancing, we performed an additional postclassification test
on a random set of 500 unbalanced tweets from our collection
to confirm that our models would perform well on real-world
unbalanced data. This sample was annotated with the same
approach as used for the training set, with the predicted result
hidden. We will discuss classification in further detail within
the Results section.

Table 3. Parameters used in text classification tuning with the logistic regression model.

RangeParameter

{none,.l1.l2}Penalty

xk=10a+(b-a)(k-1)/(n-1), k=1,…n; a=0; b=5; n=20Regularization parameter

{newton-cg, lbfgs, liblinear, sag, saga}Solver

Term Analysis
To track the medical terminology referenced in the sorted
commercial and personal CBD tweets, we computed the term

frequencies of the top 1000 words in both corpora of tweets.
We then confirmed whether these terms were related to relevant
medical conditions, medical symptoms, body parts, and/or other
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medications/substances by referencing standard English, medical
(Systemized Nomenclature of Medicine-Clinical Terms
[SNOMED CT]), and slang dictionaries. We categorized the
terms into three groups: health/medical, cannabis-related terms,
and other substances. Within the health/medical group, we
included terms related to diseases, aliments, symptoms, and
body parts. We applied the same logic to the terms that appeared
to be hashtags by examining the individual words that formed
the hashtag for relevancy. We grouped cannabis-related terms
together and separated them from the other substances group
since there seemed to be an overlap of CBD- and THC-related
tweets, both of which referenced the broader cannabis plant;
we included cannabis-related slang terms as well as foods that
are commonly associated with cannabis infusion (eg, gummies,
honey). The other substances group included terms that refer
to any other drug or medication. There were a few instances of
words being included in multiple groups. For instance, “high”
is a side effect of cannabis but is a term commonly used in both
cannabis and CBD tweets. Additionally, we considered terms
that may represent side effects caused by taking a substance,
especially terms commonly associated with cannabis. Finally,
we compared the overall frequency of the top occurring terms
relative to their frequency in either the personal or commercial
class of tweets, and produced a visualization of relevant term
frequencies. We used the Scattertext Python package to generate
a graphical representation of the frequencies within the personal
and commercial CBD classes for each of the three term groups
[30].

Sentiment Analysis
We used the VADER model to compute the sentiment of the
personal and commercial CBD tweets that reference specific
medical conditions. Since this sentiment model incorporates
punctuation and text capitalization into computing sentiment,
we used the raw tweet text as an input for the model. The
VADER model produced a normalized score between –1 and
+1 for each tweet based on the summation of the valence scores
of each word in the tweet. We converted each tweet’s score into
a 3-level categorical variable based on the threshold
recommended by Hutto and Gilbert [20]: (1) positive sentiment,
compound score≥0.05; (2) neutral sentiment, compound
score>–0.05 and compound score<0.05; and (3) negative
sentiment, compound score ≤–0.05.

We then analyzed the distribution of the compound scores and
sentiment class (positive, negative, neutral) in tweets containing

terms related to specifically defined conditions and symptoms.
Since the VADER model is partially based on a dictionary score
and since many terms related to illness may influence the overall
sentiment of a tweet (eg, pain, stress, cancer), as part of our
analysis, we computed the VADER sentiment scores both with
and without medical terms of interest, and compared the mean
VADER scores using a t test to determine whether any
individual term of interest biased the overall sentiment assigned
to a tweet. The purpose of the t tests was to determine if there
was a statistically significant difference in the sentiment
conveyed in commercial CBD tweets containing certain terms
versus the sentiment conveyed in personal CBD tweets
referencing the same terms. For instance, the VADER sentiment
score of “CBD really helps my pain” was –0.171 versus a
VADER sentiment score of 0.4391 for “CBD really helps my,”
where the word “pain” holds such a negative VADER sentiment
score on its own that it is influencing the overall sentiment score
of the tweet.

Ethics
This study leverages publicly available data and is registered
as approved by the University of Louisville Institutional Review
Board (approved protocol 20.1122).

Results

Classification
We trained the binary classification algorithms for the personal
and commercial CBD tweets independently. In both the optimal
personal CBD classifier (logistic regression: C=3.36,
penalty=none, solver=“newton-cg”) and commercial CBD
classifier (logistic regression=428.13, penalty=“l1”,
solver=“saga”), we observed a decrease in classification
performance between the smaller validation set derived from
balanced data from the unbalanced sample. Despite this decrease
in classification performance on the unbalanced data, both the
personal and commercial CBD classification models were able
to achieve area under receiver operating characteristic curve
scores above 0.80. Table 4 and Table 5 show the performance
of the personal and commercial CBD binary classifiers,
respectively. When the personal CBD binary classifier was
applied to the collection of tweets, it classified 167,755 tweets
as personal CBD-related tweets. When the commercial CBD
binary classifier was applied to the collection of tweets, it
classified 143,322 tweets as commercial CBD-related tweets.

Table 4. Personal cannabidiol (CBD) logistic regression classifier performance metrics.

AUCaAccuracySupportF1RecallPrecisionClassification

0.860.85Balanced sample

1380.850.790.93Nonpersonal CBD

1150.850.930.79Personal CBD

0.870.89Unbalanced sample

3670.930.910.94Nonpersonal CBD

1330.810.830.78Personal CBD

aAUC: area under the receiver operating characteristic curve.
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Table 5. Commercial cannabidiol (CBD) logistic regression classifier performance metrics.

AUCaAccuracySupportF1RecallPrecisionClassifier

0.890.89Balanced sample

950.890.850.92Noncommercial CBD

1010.900.930.87Commercial CBD

0.820.87Unbalanced sample

3670.910.930.90Noncommercial CBD

1330.740.700.79Commercial CBD

aAUC: area under the receiver operating characteristic curve.

Term Analysis
We generated unigram frequencies for both the personal and
commercial corpora of tweets. We looked at the top 1000
occurring terms (excluding common English stop words) and
manually checked if the terms were relevant to health; wellness;
diseases; side effects; conditions; body parts; and/or references
to other substances against standard English, medical, and slang
dictionaries.

In other tweets making cannabis references (Figure 2), it seemed
that THC-related terms were mentioned in both the personal
and commercial corpora of tweets, with hashtags containing
these references more frequently found in the commercial CBD
tweets. The terms drink, melatonin, and pills were mentioned
in the other substances group (Figure 3) in both the personal
and commercial CBD tweets. Kratom and medium-chain
triglyceride (MCT) were mentioned more frequently within the

commercial CBD tweets and less frequently in the personal
CBD tweets. References to alcohol occurred slightly more than
average within the personal CBD tweets and below average in
the commercial CBD tweets. Opioids were mentioned but only
infrequently in both the personal and commercial CBD tweet
classes. In the health and wellness group (Figure 4), pain, sleep,
and anxiety occurred frequently in both the personal and
commercial CBD classes. Terms related to fitness and nutrition
were found more frequently in the commercial CBD tweets.
Tweets referencing posttraumatic stress disorder (PTSD)
occurred at the same average within both classes. Finally, CBD
tweets referencing autism occurred more frequently than average
in personal tweets, but infrequently in commercial tweets. This
is despite the US FDA sending out warning letters to CBD
sellers for disseminating misinformation by promoting CBD as
a treatment for a variety of medical conditions, including autism
[29].

Figure 2. Cannabis-related term frequency per class.
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Figure 3. Other substances term frequency per class.

Figure 4. Medical/health/wellness-related term frequency per class.

Sentiment Analysis
We computed sentiment scores for both the commercial and
personal CBD tweets that referenced any of the following 17
terms: anxiety, anxious, autism, calm, calming, cancer,
depression, energy, fitness, pain, pains, PTSD, skin, sleep, stress,
weight loss, and wellness. We also computed the term-level
sentiment for each of these individual terms. Table 6 contains

a list of the terms related to nonneutral sentiment and where the
VADER score of the individual term might impact the sentiment
score of the entire tweet. We calculated the sentiment for each
personal and commercial CBD tweet referencing any of the 17
terms of interest, both in the original tweet text and with the
term of interest removed. Using a t test to gauge any statistically
significant difference in the mean sentient scores allowed us to
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assess how sentiments about the condition itself might affect the sentiment score.

Table 6. Medical-related terms with nonneutral sentiment.

VADERa compound scoreTerm

–0.1779anxiety

0.25anxious

0.3182calm

0.4019calming

–0.6597cancer

–0.5719depression

0.2732energy

–0.5106pain

–0.4215pains

–0.4215stress

aVADER: Valence Aware Dictionary for Sentiment Reasoning.

Tables 7-9 demonstrate a significant difference in the mean
sentiment score in the personal CBD tweets with the term of
interest versus that obtained without the term of interest for 11
of the 17 terms examined. There was a significant difference in
the mean sentiment score in the commercial CBD tweets with
the term of interest versus that obtained without the term of
interest for 12 of the 17 terms examined. There was also a
significant difference in the mean sentiment score in the
commercial CBD tweets compared to that of the commercial
CBD tweets with the term of interest for 11 of the 17 terms

examined, both with and without the term of interest included.
Table 8 indicates that although the sentiment was overall
positive, in the instances where there was a significant difference
in the sentiment scores between the personal and commercial
CBD tweets, the mean sentiment score of the commercial CBD
scores was higher than that of the personal CBD scores. Figure
5 and Figure 6 provide examples of how the distribution of the
sentiment score changed when the term of interest (“pain”) was
removed from the tweet.
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Table 7. Personal and commercial cannabidiol (CBD) sentiment categorical counts.

Commercial tweetsPersonal tweetsTerm

Without termWith termnWithout termWith termn

negneuposnegneuposnegneuposnegcneubposa

84635217261316441564292417185193125240912628185353anxiety

25584574531141614730723811266515anxious

82178217271684718016847180395autism

110805355796597253181457612001710071224calm

34473081823693898833324424399445calming

804412217007624634511153073719230986cancer

129191782498693262303130738717164568depression

355235716742144411657334829416507energy

13151003012512816437724857fitness

740591495629121133262628718895584985429618829487432pain

811121913491683111501922522611157394pains

13933139335592141119214111217ptsdd

1511362229155150221125161005446410255461618skin

528321213152932221292980888356251788735625183761sleep

27136110049628883140725445713434185601012stress

33183318241251258weight loss

29681431061583840204216281898132129144wellness

apos: positive sentiment.
bneu: neutral sentiment.
cneg: negative sentiment.
dptsd: posttraumatic stress disorder.
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Table 8. Personal and commercial cannabidiol (CBD) sentiment score descriptive statistics (with and without the term).

Commercial tweetsPersonal tweetsTerm

Without term, mean (SD)With term, mean (SD)nWithout term, mean (SD)With term, mean (SD)n

0.241 (0.538)0.118 (0.568)29240.186 (0.557)0.074 (0.573)5353anxiety

0.254 (0.529)0.08 0 (0.566)1140.203 (0.566)0.048 (0.591)515anxious

0.188 (0.557)0.188 (0.557)27–0.001 (0.546)–0.001 (0.546)395autism

0.452 (0.467)0.616 (0.374)7250.258 (0.540)0.448 (0.484)1224calm

0.513 (0.444)0.695 (0.334)3890.410 (0.508)0.608 (0.408)445calming

0.167 (0.564)–0.303 (0.638)2460.158 (0.559)–0.369 (0.571)986cancer

0.111 (0.525)–0.353 (0.506)3260.122 (0.571)–0.275 (0.573)568depression

0.547 (0.421)0.681 (0.331)4440.324 (0.541)0.469 (0.492)507energy

0.464 (0.400)0.633 (0.283)1280.263 (0.514)0.429 (0.463)57fitness

0.490 (0.440)0.088 (0.580)62870.293 (0.547)–0.099 (0.605)7432pain

0.342 (0.553)0.087 (0.615)3110.169 (0.577)–0.098 (0.610)394pains

0.200 (0.563)0.200 (0.563)550.037 (0.627)0.037 (0.626)217ptsda

0.568 (0.371)0.550 (0.371)25160.427 (0.501)0.420 (0.501)618skin

0.394 (0.493)0.392 (0.493)29800.305 (0.523)0.305 (0.522)3761sleep

0.481 (0.396)0.234 (0.596)14070.360 (0.567)0.116 (0.632)1012stress

0.436 (0.549)0.436 (0.549)240.289 (0.344)0.289 (0.344)8weight loss

0.505 (0.426)0.720 (0.279)42160.384 (0.524)0.606 (0.431)144wellness

aptsd: posttraumatic stress disorder.

Table 9. Personal and commercial cannabidiol (CBD) sentiment score t test results (with and without term).

Commercial vs personal without
term

Commercial vs personal with
term

Commercial with vs without
term

Personal with vs without termTerm

P valuedftP valuedftP valuedftP valuedft

<.0018275–4.28.0018275–3.33<.0015846–8.51<.00110,704–10.31anxiety

.38627–0.88.596270.53.02226–2.39<.0011028–4.29anxious

.08420–1.74.08420–1.74>.99520.00>.997880.00autism

<.0011947–8.04<.0011947–8.06<.00114487.40<.00124469.15calm

.002832–3.09.001832–3.37<.0017766.49<.0018886.40calming

.831230–0.22.111230–1.59<.001490–8.65<.0011970–20.71cancer

.778920.29.408922.06<.001650–11.49<.0011134–11.67depression

<.001949–7.02<.001949–7.68<.0018865.25<.00110124.45energy

.004183–2.88<.001183–3.69<.0012543.92.071121.81fitness

<.00113,717–23.02<.00113,717–18.37<.00112,572–43.82<.00114,862–41.39pain

<.001703–4.01<.001703–3.98<.001620–5.43<.001786–6.32pains

.08270–1.76.08270–1.77>.991080.00.99432–0.01ptsda

<.0013132–7.89<.0013132–7.25.085030–1.76.811234–0.24skin

<.0016739–7.10<.0016739–6.97.905958–0.12.9975200.01sleep

<.0012417–5.60<.0012417–4.65<.0012812–11.98<.0012022–9.12stress

.4830–0.71.4830–0.71>.99460.00>.99140.00weight loss

.0014358–3.35<.0014358–4.72<.001843027.38<.0012863.94wellness

aptsd: posttraumatic stress disorder.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e27307 | p.662https://www.jmir.org/2021/12/e27307
(page number not for citation purposes)

Turner et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 5. Distribution of sentiment scores of personal tweets referencing the term “pain.”.

Figure 6. Distribution of sentiment scores of commercial tweets referencing the term “pain.”.

There were instances of CBD tweets that offered a mix of both
positive and negative sentiments within the personal tweets,
such as in tweets referencing CBD’s relationship with autism.
Figure 7 shows a more negative sentiment in the personal CBD
tweets referencing autism. However, the sentiment of the
personal tweets did not change when the term “autism” was
removed. Despite being negative, the mean sentiment score of

these tweets was –0.042, which is considered neutral by the
authors of the VADER model. We observed a large amount of
personal CBD tweets referencing the term “autism,” with 42.5%
(168/395) of personal CBD tweets referencing autism classified
as negative versus 45.6% (180/395) being classified as positive
and 11.9% (47/395) classified as neutral.

Figure 7. Sentiment distribution of personal cannabidiol-related tweets referencing autism.

Textbox 3 shows tweets that our classifiers identified to be
CBD-related that contained the word “autism.” These personal
CBD tweets sometimes favored and sometimes disfavored CBD

as a treatment for autism. In the commercial CBD tweets
referencing autism, we observed both implicit and explicit
claims regarding CBD’s ability to treat autism.
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Our framework thus works well in contexts where the efficacy
claims of medications and supplements are both validated and

refuted.

Textbox 3. Examples of personal and commercial tweets referencing cannabidiol (CBD) and autism (paraphrased slightly for anonymity).

Personal autism CBD tweets

@user @user He’s...on a thc/cbd tincture. It’s helped his autism beautifully

@user I use CBD for my C-PTSD [posttraumatic stress disorder] and the overstimulation that comes from Autism...it’s kinda hard to function...It
works better than any antipsychotic I’ve ever been on.

I see a lot of ppl on my timeline...claiming CBD can “cure” autism is bad and so is anyone knowingly peddling the idea what is wrong with you people
URL

@user @user @user if you work somewhere that lies about curing autism with cbd oil you should feel bad

Commercial autism CBD tweets

10 Best CBD Oils For Autism - URL 10-bestcbd-oils-for-autism-40/

CBD INFUSED … BOTTLES @ FRUIT PASTELS, THESE ARE IDEAL FOR KIDS WITH ADHD, AUTISM ETC #THECBDCHEMIST
#GOODNIGHTSLEE

COMPANY_NAME® Announces Autism Hope Alliance Sponsorship URL #cannabis #hemp #cbd #vape #cbdoil #natural #anxiety #pain #stress
#health #pharma #wellness #beauty #domains URL

People use CBD to treat everything from epilepsy and autism to chronic pain and anxiety. URL

Discussion

Principal Findings
Text classification of tweets provides a means to segment tweets
into defined groups at a large scale. We have demonstrated that
we can do this with tweets related to CBD by using text
classification to identify tweets that reflect personal usage of
CBD and tweets that reflect the sales and/or commercialization
of CBD. This classification of public social media data is useful
because CBD has not been subjected to the same tests and
clinical trials as modern medications, yet is currently being used
to treat a variety of conditions without proof of safety or
efficacy. Our analysis provided a methodology to identify the
terms of interest that are frequently referenced in the commercial
and personal corpora of CBD tweets, as well as a comparison
of these term frequencies in relation to the document class
(commercial or personal CBD). This allowed us to identify the
medical conditions commonly referenced in both document
classes at high frequencies, as well as terms that occur more
frequently in one document class over the other. We also used
the VADER model to analyze the sentiment of personal CBD
tweets referencing certain medical conditions and symptoms.
Despite the US FDA’s warnings regarding the marketing and
promotion of CBD as treatment of autism and Alzheimer
disease, while certainly not the most frequent conditions
referenced, we did observe multiple instances of these tactics.

These methods and results speak to the recent efforts of
researchers to use social networks to analyze the concept of
misinformation in ways that are directly related to the potential
problem of CBD misinformation. Ferrand et al [25] analyzed
responses to queries from common digital assistants such as
Siri, Alexa, and Google for misinformation regarding vaccines.
Chen et al [26] collected social network posts from Weibo
related to cancer and observed that 30% of posts contained
misinformation. Ahmed et al [27] collected tweets referencing
COVID-19 and 5G, and performed graph analysis to identify

and analyze how misinformation was being disseminated online.
Allem et al [3] observed unsubstantiated health claims related
to cannabis on Twitter. More recently, Rovetta and
Bhagavathula [28] also observed an abundance of COVID-19
misinformation in their analysis of tweets.

To address potential social media misinformation in the area of
CBD, it is important to develop methods for gathering and
classifying text corpora. Previous studies using the internet and
social media have described the personal and commercial
discourses about CBD. Narayanan et al [15] made use of
internet-based data sources to examine CBD trends by
examining Google searches, demonstrating that interest in CBD
oil increased significantly from 2014 to 2018. Tran and
Kavuluru [31] used CBD-related posts from Reddit and
comments submitted to the FDA regarding these posts to
examine the conditions that are commonly being treated by
CBD. The researchers in this study examined both corpora of
texts for medical conditions and methods of use in posts and
comments using the term “CBD,” along with any indication of
therapy implied in the two corpora.

There have also been nonmachine learning approaches to
researching marijuana sentiment on Twitter, such as the work
done by Nguyen et al [32]. Their study collected
marijuana-related tweets, disregarded the tweets that were
authored by less influential posters, manually annotated the
marijuana tweets on a Likert scale via crowdsourcing, and
segmented them by demographics applied to the data set through
a proprietary service. The researchers observed more
promarijuana attitudes among African Americans and
youth/younger adults. In another example of a research approach
that did not rely primarily on machine learning, Krauss et al
[33] based their marijuana sentiment analysis on crowdsourced
tweets. The researchers aimed to examine the preferences
between marijuana and alcohol on Twitter. They collected tweets
containing alcohol and marijuana references, and then annotated
the tweets via crowdsourcing. The results showed that 54% of
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the tweets normalized marijuana and alcohol, 24% showed a
preference for marijuana over alcohol, 2% showed a preference
for alcohol over marijuana, 7% showed negative sentiment
toward both alcohol and marijuana, and 13% demonstrated no
sentiment toward either substance.

Our proposed framework extends the existing CBD research
by further examining the perceptions of CBD in online
discussions through a comparison of the terms and sentiment
of tweets that reflect the personal use of CBD and tweets that
reflect the sales and/or promotion of CBD. No other studies
have attempted this type of comparative work, and this approach
helped to examine which terms are being used proportionally
or disproportionally, and to compare the sentiment of personal
and commercial CBD tweets. Our methods can be applied to
other types of research aimed at analyzing trends in the
consumption and advertising of unregulated substances.

Conclusion and Future Work
The strengths of our framework are the ability to identify
personal and commercial CBD tweets, associated conditions,
and sentiment. However, some limitations should be noted.
First, we limited our search to tweets referencing “CBD” and
“cannabidiol.” Our preliminary research did not indicate that
the topic of CBD is as subjected to slang terms as other forms
of cannabis (eg, THC) and did not indicate that it was necessary
to include additional related terms in the search [34].
Additionally, we limited our collection to tweets as Twitter is
one of the world’s largest social networks that provides the
ability to collect a large volume of data quickly. Second, our
data were collected over an approximate 3-month period.
Although the data collection period was relatively small, we
were able to identify trends in personal and commercial CBD
tweets that will be useful for future studies. Another limitation
is the use of the dictionaries (standard, slang, and SNOMED-CT)
for finding associated medical conditions. This step was based

on checking high-frequency terms against dictionaries to
determine medical relevancy. Future research could use deep
neural network models to extract medical-related named entities
from the tweets to automate and to possibly obtain context in
which the medically related term is being used [35]. Finally,
although we did not explicitly identify and remove social bots
from our collection, as discussed by Himelein-Wachowiak et
al [36], we did remove bots during the annotation process, as
tweets that were possibly machine-generated were not
considered personal or commercial CBD tweets.

We successfully used text classification to identify tweets
making personal or commercial CBD references. When we
applied two classifiers to the collection of tweets, we identified
multiple medical conditions, body parts, symptoms, other
substances, and cannabis references that were mentioned at high
frequencies in both the personal and commercial CBD corpora,
as well as conditions that were mentioned disproportionately
in one corpora over the other. This suggests that CBD is being
used and marketed for consistent types of ailments. Our
sentiment analysis showed that the term of interest can indeed
influence the sentiment score; when controlling for the term,
15 of 17 terms tested showed a positive sentiment within the
personal CBD tweets and all 17 terms showed a positive
sentiment within the commercial CBD tweets. This suggests
that CBD, on the whole, is well-regarded in terms of its medical
applications and that the commercial claims are not gross
distortions of popular sentiment; however, we observed evidence
where claims may have been exaggerated. We encourage future
research to investigate the patterns in sentiment, usage, and
sales of CBD as well as other forms of cannabis over time.
Additionally, we recommend extending this proposed framework
by further using text mining and machine learning methods to
identify the dissemination of misinformation as it relates to
CBD’s health and medical benefits.
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Abstract

Background: Expanding access to and use of medication for opioid use disorder (MOUD) is a key component of overdose
prevention. An important barrier to the uptake of MOUD is exposure to inaccurate and potentially harmful health misinformation
on social media or web-based forums where individuals commonly seek information. There is a significant need to devise
computational techniques to describe the prevalence of web-based health misinformation related to MOUD to facilitate mitigation
efforts.

Objective: By adopting a multidisciplinary, mixed methods strategy, this paper aims to present machine learning and natural
language analysis approaches to identify the characteristics and prevalence of web-based misinformation related to MOUD to
inform future prevention, treatment, and response efforts.

Methods: The team harnessed public social media posts and comments in the English language from Twitter (6,365,245 posts),
YouTube (99,386 posts), Reddit (13,483,419 posts), and Drugs-Forum (5549 posts). Leveraging public health expert annotations
on a sample of 2400 of these social media posts that were found to be semantically most similar to a variety of prevailing opioid
use disorder–related myths based on representational learning, the team developed a supervised machine learning classifier. This
classifier identified whether a post’s language promoted one of the leading myths challenging addiction treatment: that the use
of agonist therapy for MOUD is simply replacing one drug with another. Platform-level prevalence was calculated thereafter by
machine labeling all unannotated posts with the classifier and noting the proportion of myth-indicative posts over all posts.

Results: Our results demonstrate promise in identifying social media postings that center on treatment myths about opioid use
disorder with an accuracy of 91% and an area under the curve of 0.9, including how these discussions vary across platforms in
terms of prevalence and linguistic characteristics, with the lowest prevalence on web-based health communities such as Reddit
and Drugs-Forum and the highest on Twitter. Specifically, the prevalence of the stated MOUD myth ranged from 0.4% on
web-based health communities to 0.9% on Twitter.

Conclusions: This work provides one of the first large-scale assessments of a key MOUD-related myth across multiple social
media platforms and highlights the feasibility and importance of ongoing assessment of health misinformation related to addiction
treatment.
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Introduction

Background
In the United States, opioid overdose continues to be a leading
cause of death [1]. The Centers for Disease Control and
Prevention estimates that the total economic burden of
prescription opioid misuse in the country alone is US $78.5
billion a year, including the costs of health care, lost
productivity, treatment, and criminal justice involvement [2].
Alarmingly, opioid overdoses increased by 30% from July 2016
to September 2017 in 52 areas in 45 US states [3]. Consequently,
in 2017, the Department of Health and Human Services declared
it as a public health emergency [4]. Central to addressing the
opioid crisis is expanding access to medication treatment for
opioid use disorder (MOUD) [5]. MOUD increases treatment
retention and reduces opioid use, risk behaviors that transmit
blood-borne pathogens, and overdose mortality [6]. However,
despite its well-documented effectiveness, studies have found
that MOUD is underused due in part to stigma and
misperceptions about treatment [7].

In recent years, many individuals have been seeking both
conventional and nonconventional ways to recover from
substance use, including using web-based resources [8]. For
these conditions, as well as opioid use disorder (OUD), research
has shown that individuals turn to the web for promoting and
discovering recovery strategies, for example, appropriating the
Forum77 forum for prescription drug use recovery [9] and
participating in 12-step programs such as Narcotics Anonymous
[10,11]. Social support is another motivation behind individuals
with substance use disorders turning to social media; Rubya
and Yarosh [12] examined peer support for substance use
disorder recovery meetings through video chat, discovering that
video chat support groups not only provide immediacy and
convenience in meeting needs but can also be places of obtaining
emotional and informational support. More recently, researchers
have examined patterns of anonymity in web-based recovery
communities [13]. Specific to OUD, previous studies have
investigated the different types of web-based discourse
associated with opioid use, including personal use, whether it
is associated with legitimate use or abuse of opioids [14], or
whether it involves the promotion of clinically unverified
treatments [15]. Abuse discourse on social media platforms has
been further broken down into stand-alone use and co-use of
opioids with other opioids, illicit drugs, and alcohol [16]. In
addition, a prior study analyzed the web-based discourse
surrounding the perception of opioids [17]. The perception of
opioids included commentary on the opioid crisis, opioids in
general, and interaction with news surrounding the opioid crisis
or medical use of opioids [17]. Researchers in the past have also
harnessed social media data as unobtrusive sensors to identify
individuals who might benefit from or be receptive to treatment
and recovery interventions [18]. Others have computationally

examined and compared web-based discussion communities to
discover the intent to contribute to web-based mental health
communities [19]. In general, social media platforms have been
found to allow increased self-disclosure for users to discuss
otherwise sensitive and stigmatizing topics such as OUD [20].
Apart from self-disclosure, social media data provide unique
opportunities for understanding the users’ sentiments and
opinions [21], which may be insightful from the perspective of
addiction treatment.

Despite the positive benefits of social media, existing attempts
of individuals with OUD are often challenged because of the
pervasiveness of inaccurate and potentially harmful health
misinformation on social media platforms [15]. Health
misinformation is defined as a health-related claim of a fact that
is currently false because of a lack of scientific evidence [22].
In general, misinformation is usually attributed to
misconceptions and is not intended to cause harm.
Disinformation is false information that is created deliberately
to cause harm, with motivations that are often social, political,
or financial. Although misinformation and disinformation are
inherently false, malinformation is usually based on real
information that is taken completely out of or without context
to inflict harm [23]. Fake news is defined as fabricated
information that mimics news media content in form but not in
organizational process or intent [24,25]. Molina et al [24] have
outlined key indicators of fake news such as content that is not
fact-checked, is emotionally charged, is written in narrative
style, has unverified sources, or comes from an unknown source.
In this study, we focused on the language of false claims
surrounding MOUDs regardless of intent; therefore, it might
be the case that we captured a few instances of disinformation,
possibly on web-based platforms that lack constant
domain-specific moderation. Thus, we use the term health
misinformation as we assume that the spread of these claims is
not intentional.

From the discourse on infectious disease outbreaks and global
epidemics to alternative therapies to tackle behavioral health
problems, web-based misinformation can have adverse effects
on public health, including negatively influencing people’s
health literacy, attitudes, beliefs, and health-related
decision-making [22]. For example, antivaccine-promoting
social media posts legitimize debate about vaccine safety,
contribute to reductions in vaccination rates, and increase
vaccine-preventable diseases such as measles [26]. In the context
of public health crises, social media rumors circulating during
the Ebola outbreak in 2014 were found to create hostility toward
health workers, which posed challenges in controlling the
epidemic [27]. Most recently, the novel COVID-19 pandemic
has come to be defined by a tsunami of persistent
misinformation to the public on everything from the utility of
masks and the effectiveness of social distancing to even the
promise of vaccines, together contributing to an increased
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COVID-19 pandemic burden [28]. At-risk populations are
known to be particularly vulnerable to misinformation [22,29]
because of a lack of reliable information outside of formal
clinical or rehabilitation contexts [30,31]. In fact, studies show
that because of exposure to such misinformation, people worry
that they will be ostracized by their community if their substance
use is revealed to others, thus delaying treatment [32].

Given the limited uptake of MOUD, the potential contribution
of health misinformation to this public health problem, and the
fact that information about barriers to MOUD is challenging to
ascertain from other data sources, exploring digital
health-seeking behavior through passive sensing of
misinformation related to MOUD provides an important avenue
for addressing this problem. Thus, infodemiology, which refers
to the science of studying the distribution and determinants of
information and user-generated content in an electronic medium
such as the web in general and social media in particular [33],
has the opportunity to shape MOUD-related health promotion
strategies and policies. Given the potential impact of
misinformation in the midst of the ongoing overdose crisis,
there is a critical need to better understand
misinformation-related social media posts on OUD treatment.
In fact, in recent years, approaches in infodemiology have been
noted to be important in mitigating public health problems
stemming from infodemics [34,35], a portmanteau of information
and epidemic that typically refers to a rapid and far-reaching
spread of both accurate and inaccurate information about a
disease.

Objective
In this study, we focus on one particular myth (and its language
variants) related to MOUD: agonist therapy or
medication-assisted treatment (MAT) is simply replacing one
drug with another. For example, someone might express this
myth by saying “You are not really in recovery if you are on
Suboxone.” This myth is believed to be one of the major reasons
cited for individual hesitancy to initiate MOUD; it has been
discussed extensively in clinical literature [29,36,37] and has
been discredited by evidence that MOUDs facilitate recovery
and that multiple other chronic health conditions such as diabetes
and asthma necessitate reliance on daily medication to maintain
health.

By adopting a multidisciplinary, mixed methods strategy, this
paper aims to present the first work that investigates the
characteristics and prevalence of web-based misinformation
related to MOUD across 3 types of web-based social platforms
to inform future prevention, treatment, and response efforts.
Our contributions include a set of machine learning (ML) models
that classify whether a post revolves around conversations
surrounding a specific MOUD as replacing one drug with
another or explorations of lexical variations characterizing
web-based conversations relating to this myth.

Methods

Data Set Curation
We first identified and curated a set of clinically grounded and
publicly prevalent myths that surround OUD treatment and

developed a lexicon of opioid-related keywords associated with
different aspects of OUD. We captured different types of
opioids, such as natural opiates, semisynthetic opioids, and
synthetic opioids, and included opioids that were
over-the-counter, prescription based, or illicit. For each generic
name, we also included trade and combination product names
in consultation with the substance use literature and the public
health coauthors. This resulted in a total of 152 keywords
curated in the lexicon. We then curated a diverse data set from
Twitter, YouTube, and the web-based health communities
Reddit and Drugs-Forum. These platforms were selected as (1)
they are adopted pervasively by Americans and (2) there are
well-established means and infrastructures for collecting
meaningful data sets by leveraging app programming interfaces
to query them and access public posts on these platforms.
According to the Pew Research Center, in 2021, 18% of US
adults use Reddit, 23% use Twitter, and 81% use YouTube [38].
In addition, these platforms have been mined in prior substance
abuse literature for abuse monitoring and digital epidemiology
purposes [39-41]. For all the platforms we investigated, we
focused on public posts and messages created between January
1, 2018, and December 31, 2019.

Our data set collection methodology for Twitter comprised
querying for all tweets that included 1 of the words in our
lexicon. This process yielded a total of 6,365,245 tweets. For
YouTube, owing to limitations in the number of comments that
can be accessed, we restricted the 152 keywords to 11 OUD
treatment keywords such as buprenorphine and naltrexone. We
used the YouTube app programming interface to identify 552
YouTube videos that contained 1 of the 11 keywords in the title
and then collected all of the associated comments (99,386
comments). We relied on expert domain knowledge to identify
subforums pertinent to OUD for Reddit and Drugs-Forum and
used the full set of 152 keywords for these sites. For Reddit,
we used data from 22 opioid-specific subreddits: r/Carfentanil,
r/opiates, r/fentanyl, r/opiatesmemorial, r/modquittingkratom,
r/Methadone, r/suboxone, r/kratom, r/heroin, r/quittingkratom,
r/Tianeptine, r/loperamide, r/naltrexone, r/oxycodone,
r/OpiatesRecovery, r/Opiatewithdrawal, r/lean,
r/heroinaddiction, r/HeroinHeroines, r/OpiateChurch,
r/suboxone, and r/OurOverUsedVeins. This resulted in a total
of 1,189,590 posts and 12,293,829 comments. In addition, we
collected all 5549 messages posted under the Opiates and
Opioids subforums on Drugs-Forum [42]. Throughout the paper,
we have combined Reddit and Drugs-Forum content under the
category of web-based health communities, as both have similar
structure, format, and affordances.

ML Approach Using Expert Involvement
Web-based discourse surrounding OUD is semantically rich;
that is, there are different words and combinations of words that
people use to convey meaning. Previous literature has
quantitatively and qualitatively investigated various categories
of language pertaining to OUD, including OUD use (own use,
use by others, abuse, legitimate use, and co-use), OUD
perception (commentary on opioid crisis or opioids in general),
and OUD advertisements [14,16,17]. In light of such linguistic
richness and prior investigations, we adopted an ML and natural

J Med Internet Res 2021 | vol. 23 | iss. 12 | e30753 | p.670https://www.jmir.org/2021/12/e30753
(page number not for citation purposes)

ElSherief et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


language analysis methodology to identify posts relevant to the
myth under investigation in the huge search space.

We first leveraged representation learning techniques, which
are a set of techniques that allow a system to automatically
discover the representations needed for feature detection or
classification from raw data [43] to construct document-level
embeddings (consisting of 4096 dimensions) of the myth
statement noted earlier. For this, we used a bidirectional long
short-term memory (LSTM) sentence encoder model universally
trained on a natural language inference task [44]. LSTM was a
suitable choice here as it allowed us to learn long-term
dependencies among words in sentence structures. We then
used this model to encode all the collected posts. Following this
step, we obtained the k-nearest neighbor (KNN), where k=200,
for semantically most similar posts per platform for the
MOUD-related seed myth under investigation. Second, using
a mixed methods approach, our models then harnessed
qualitative content analysis in the form of public health expert
annotations to label a total of 800 posts (200 KNNs per platform)
and annotate whether each post was relevant to the myth (ie,
whether the post discussed MOUD and described MOUD as
using one drug to replace another). Hence, we modeled this
problem as a binary classification task where the positive class
denoted a post discussing the aforementioned piece of
misinformation and the negative class represented any post that
was not relevant to the myth. Each myth KNN post was
annotated by the same expert public health annotator to provide
consistent annotations within the linguistic domain of a given
myth.

Leveraging these annotations as training data, we finally built
and evaluated a series of supervised ML models, ranging from
logistic regression (LR) and support vector machines to
feedforward neural networks and LSTM networks. Our feature
set included lexical features such as n-grams (n=1, 2, 3), term
frequency–inverse document frequency (TF–IDF) weights, and
representation learning features, including sentence-based
embeddings (semantic) and transformer-based embeddings,
such as bidirectional encoder representations from transformers
[45] and bidirectional encoder representations from transformers
for biomedical text mining [46]. We used all annotations

belonging to our myth and considered all the samples from other
myths as negative training samples. On the basis of this process,
we obtained 171 positive samples and 2229 negative samples.
Owing to this large imbalance, we leveraged an oversampling
technique from the rare class, called the synthetic minority
oversampling technique [47]. We then split the data set into
training and test samples with an 80% to 20% split, respectively.
We leveraged 2 techniques for cross-validation: k-fold
cross-validation (for LR and support vector machine models)
and an independent validation sample to tune a model’s
hyperparameters (for the LSTM model).

Results

Table 1 and Figure 1 show the best-performing ML models in
terms of their area under the curve, precision, recall, and F1

scores. Our best-performing model was a combination of
TF-IDF features and an LR classifier, achieving a precision of
0.85, a recall of 0.91, an F1 score of 0.88, and an area under the
curve of 0.9. By applying our best-performing model to machine
label all posts in our data sets, we were able to estimate the
prevalence of posts related to the myth under investigation on
each platform. The prevalence of posts among our sampled
comments that were related to the myth that the use of MOUD
does not constitute true recovery was 0.4%, 0.9%, and 0.58%
for web-based health communities, Twitter, and YouTube,
respectively. For additional context and interpretability in terms
of how our best-performing models operated per platform, 2
examples of posts that were classified correctly by our classifier
are provided in Table 2, along with the top words used by the
classifier to attain a relevancy decision for each post on each
platform. Here we observed some consistencies in the
discussions of the myth across platforms. For example, we noted
that our model was able to pick up on the use of verbs
synonymous with replac, such as switch, which was not
originally included in the myth phrasing. In addition, the verb
go was used in multiple contexts, such as going to Alcoholics
Anonymous meetings instead of relying on MATs and going
through withdrawals from MAT. We also noted the presence
of multiple drug names such as Ativan, buprenorphine,
methadone, and suboxone.

Table 1. Macroperformance metrics of the opioid use disorder treatment myth classifiersa.

F1 scoreRecallPrecisionAUCbAccuracyModel

0.860.860.870.840.84LRc+semanticd

0.880.910.850.90.91LR+TF-IDFe

0.840.840.830.810.77LSTMf+BERTg

aTraining and test data drawn from 2400 opioid-related posts from Twitter, web-based health communities, and YouTube.
bAUC: area under the curve.
cLR: logistic regression.
dInferSent semantic representations (4096 features).
eTF-IDF: term frequency-inverse document frequency.
fLSTM: long short-term memory.
gBERT: bidirectional encoder representations from transformer.
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Figure 1. Receiver operating characteristic (ROC) curves for each classifier. Training and test data drawn from 2400 opioid-related posts from Twitter,
web-based health communities, and YouTube. (A) logistic regression+semantic; (B) logistic regression+term frequency-inverse document frequency;
and (C) long short-term memory+bidirectional encoder representations from transformers.
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Table 2. Paraphrased examples detected by our best-performing classifier on different platforms and top features highlighted. Raw posts are paraphrased
to prevent traceability and author identification.

Feature powerPreprocessed postPlatform and raw paraphrased post

FeatureContribution

Web-based health communities

“take kratom switch one drug anoth
go aa meeting for real iv ativan usual
go drug symptom”

“Don’t take the kratom. Don’t switch one drug for
another. Go to an aa meeting. for real. IV Ativan
is usually the go to drug for such symptoms.”

• ativan• +2.955
•• go+2.055

• •+1.783 usual drug
• aa anoth one• +1.710
• symptom switch• +1.585

• +1.479
• +1.251
• +1.238
• +1.057

“[...] [Name of a person] said pleas
take stop use opiat go back go with-

“[...] [Name of a person] said: Please dont take it!
If you can stop using opiates and not go back just

• therapi• +1.080
• buprenorphin dose• +0.734

draw promis want withdraw especigo through the withdrawals. If you would trust me, • mainten replac• +0.693
long term bupe pleas understandyou dont want the withdrawals (especially long • go• +0.691
length withdraw period mainten user
part dose depend [...]”

term) that Bupe has! Please know that the length
of the withdrawal period for maintenance users is
in part dependent on the dose [...]”

•• need appropri pain+0.559
• •+0.510 may
• +0.475
• +0.460
• +0.435
• +0.427

Twitter

“say rx med dr mani die heroin fen-
tanyl od simpli irrespons untru get

“Saying that people dying of Heroin/Fentanyl ODsa

is because they are getting Rx meds from doctor is

• methadon• +2.41
•• simpli med suboxon switch

go irrespons mani
+1.750

someon addict methadon simpli
switch street go big pharma gov peopl
still die abus methadon suboxon”

• +1.142just irresponsible & untrue. When someone gets
addicted to methadone, what is happening is that
$$ from the street are getting switched to $$ to big

• get big• +0.814
• +0.752
• +0.732Pharma & our GOV. Abusing methadone/Suboxone

still leads to deaths.” • +0.589
• +0.398
• +0.376

“w bupe suboxon easier heroin fen-
tanyl one want substanc free would
one go w x one switch mat interim”

“I wonder if the w/d from Bupe or Suboxone is any
easier than heroin or fentanyl. Let’s say someone

switched to MATb as an interim because they

• mat• +4.095
•• one+3.801

• •+1.418 bupe suboxon switch go easi-
er substanc heroin want• +1.157wanted to be substance free; do you think they

would go through w/d 2x?” • +1.071
• +1.041
• +0.922
• +0.583
• +0.188

YouTube

“decid discontinu treatment famili
agre form treatment im get support

“Okay I am planning to discontinue treatment. I
feel I need support, but with my family disapprov-

• methadon• +3.722
• treatment anoth• +3.595

mmt dont see differ heroin everyday
say switch one addict anoth [...]”

ing of this treatment of being on MMTc, I don’t
seem to be getting that. To them, it is no different

•• go suboxon form one mmt+1.857
• •+1.290 get switch
• +1.076from doing heroin everyday. They say I am

switching one addiction for another [...]” • +0.577
• +0.393
• +0.385
• +0.332
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Feature powerPreprocessed postPlatform and raw paraphrased post

FeatureContribution

• one
• prescript med
• anoth medic
• quit symptom effort suboxon

set

• +1.370
• +1.009
• +0.878
• +0.810
• +0.780
• +0.704
• +0.678
• +0.658
• +0.626
• +0.606

“fulli understand fear withdraw
symptom suck doctor know intak
prescript game plan set quit also effort
ween med sure heard suboxon pre-
script medic short summari itll help
withdraw well act like crutch anoth
thing kratom go withdraw one one
learn walk away medfre person take
lot gut courag take”

“Your fear of the withdrawal symptoms is totally
legit. They suck. Did you tell your doctor about
your intake of the prescription? There needs to be
some sort of a planned approach for not just quit-
ting, but also to make sure you ween off your meds
properly. Have you heard of Suboxone? It’s a pre-
scription medication that basically will help you
with withdrawals as well as give you a crutch.
Kratom is another option, but going through the
withdrawal alone and learning how to walk away
as a substance-free person takes a lot of daring and
audacity, so you need to have what it takes for it.”

aOD: overdose.
bMAT: medication-assisted treatment.
cMMT: methadone maintenance treatment.

The top 10 features (terms) associated with our best-performing
model (LR+TF-IDF) for identifying relevant posts and their
TF-IDF values are shown in Table 3. These terms include mat,
assist, treatment, replac, therapi, rehab, methadon, behavior,
habit, and substitut. Furthermore, to provide additional insight
into words used by the ML model to identify myth-related posts,
for each of the top 10 terms, we display the 15 words with the

closest semantic proximity (based on training a Word2Vec
embedding model [48]) as measured by cosine similarity.
Qualitative assessment of the identified words revealed excellent
identification of synonymous terms and phrases, including those
that were unlikely to be readily suggested or identified by human
readers, such as ost (opioid substitution therapy).
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Table 3. Top 10 salient features and their associated Word2Vec model nearest neighbors per platforma.

Nearest neighborsFeature and platform

mat (14.9)

assist (0.49), proven (0.46), lifer (0.46), abstin (0.42), recoveri (0.41), stigma (0.41), mmt (0.41), superior
(0.4), vivitrol (0.39), align (0.39), treatment (0.39), lifesav (0.39), mainten (0.39), adhes (0.39), bamboo
(0.38)

Web-based health communities

treatment (0.61), medic (0.48), suboxon (0.46), bupe (0.43), need (0.4), therapi (0.39), behavior (0.39),
stigmat (0.38), oud (0.38), postod (0.38), clear (0.37), suffici (0.37), med (0.36), part (0.36)

Twitter

assist (0.72), recommend (0.72), care (0.7), bullshit (0.68), recoveri (0.67), truli (0.66), mention (0.66), step
(0.65), anyon (0.65), mani (0.64), could (0.64), oud (0.63), possibl (0.63), lose (0.62), integr (0.62)

YouTube

assist (12.44)

mat (0.49), counsel (0.45), profession (0.44), supervis (0.42), lifesav (0.4), help (0.38), certifi (0.38), vivitrol
(0.38), aftercar (0.37), florida (0.37), longterm (0.37), mainten (0.37), recoveri (0.36), consult (0.36), transit
(0.36)

Web-based health communities

appropri (0.4), profession (0.37), switzerland (0.36), mat (0.36), aaap (0.35), grade (0.34), staff (0.34),
necessary (0.33), ongo (0.33), treatment (0.33), discrimin (0.32), center (0.31), evidenc (0.31)

Twitter

famili (0.79), medic (0.77), judg (0.73), mat (0.72), recommend (0.71), lose (0.71), mani (0.71), could (0.7),
therapi (0.7), battl (0.69), wonder (0.69), truli (0.67), win (0.67), recoveri (0.65), group (0.63)

YouTube

treatment (11.43)

program (0.52), evid (0.51), ibogain (0.51), nation (0.51), medic (0.5), assess (0.49), longterm (0.48),
wherein (0.48), addict (0.48), establish (0.47), intervent (0.46), protocol (0.46), rehabilit (0.46), observ
(0.46), augment (0.46)

Web-based health communities

medic (0.67), therapi (0.66), mat (0.61), use (0.6), postod (0.59), need (0.55), drug (0.53), opioid (0.52),
methadone (0.52), patient (0.51), reduc (0.48), rehab (0.48), provid (0.46), prescrib (0.45)

Twitter

individu (0.72), treat (0.65), truli (0.65), ibogain (0.64), acknowledg (0.64), oud (0.62), recoveri (0.62),
comfort (0.62), assist (0.61), receiv (0.6), great (0.6), keep (0.59), wonder (0.59), bullshit (0.56), worri
(0.55)

YouTube

replac (9.91)

swap (0.44), substitut (0.41), exercis (0.39), switch (0.39), fix (0.38), hormon (0.38), lifestyl (0.37), atom
(0.37), still (0.36), healthi (0.35), discomfort (0.35), slowli (0.34), bad (0.34), lead (0.33), use (0.33)

Web-based health communities

substitut (0.48), altern (0.42), simpli (0.37), adjunct (0.35), extrem (0.35), swap (0.35), scienc (0.34), type
(0.34), neither (0.32), panacea (0.32), creat (0.32), reduc (0.32), result (0.32), lifelong (0.31), grade (0.3)

Twitter

hip (0.74), due (0.58), lot (0.57), altern (0.55), complet (0.55), result (0.54), k (0.54), rapid (0.53), someth
(0.51), realiti (0.49), exchang (0.49), would (0.48), anti (0.47), argu (0.47), told (0.47)

YouTube

therapi (9.43)

counsel (0.61), cbt (0.57), trauma (0.54), dbt (0.54), somat (0.49), therapist (0.48), ptsd (0.47), aftercar
(0.46), tool (0.46), cognit (0.46), treatment (0.46), adjunct (0.45), psychiatri (0.45), longterm (0.45)

Web-based health communities

treatment (0.66), medic (0.44), psycholog (0.43), sizabl (0.43), psychosoci (0.43), acupunctur (0.43), use
(0.42), postod (0.41), howev (0.41), incl (0.4), mat (0.39), success (0.37), pain (0.37), odb (0.37), need
(0.37)

Twitter

group (0.81), recoveri (0.76), na (0.74), requir (0.71), assist (0.7), oud (0.69), famili (0.69), recommend
(0.67), aa (0.66), set (0.66), individu (0.64), base (0.64), great (0.63), bullshit (0.59), mat (0.59)

YouTube

rehab (8.45)

inpati (0.59), facil (0.55), detox (0.55), centr (0.51), outpati (0.51), relaps (0.49), iop (0.49), ua (0.49), sober
(0.48), homeless (0.47), residenti (0.47), jail (0.46), program (0.46), na (0.46), voluntarili (0.44)

Web-based health communities

treatment (0.48), residenti (0.46), mandatori (0.43), get (0.39), staffer (0.38), drug (0.38), go (0.37), one
(0.37), clean (0.35), sobrieti (0.34), need (0.33), whitewash (0.33), mostli (0.33), let (0.33)

Twitter

went (0.83), show (0.77), gone (0.76), new (0.7), bottom (0.67), bare (0.67), littl (0.63), day (0.62), gonna
(0.62), sadli (0.6), away (0.6), process (0.59), gave (0.59), mom (0.54), keep (0.53)

YouTube

methadon (8.43)

suboxon (0.78), heroin (0.57), opiat (0.57), bupe (0.52), oxi (0.5), clinic (0.5), sub (0.49), taper (0.49),
mainten (0.48), mmt (0.48), dope (0.45), stigma (0.45), detox (0.45), addict (0.45)

Web-based health communities
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Nearest neighborsFeature and platform

treatment (0.52), opioid (0.46), drug (0.46), medic (0.42), use (0.41), postod (0.39), base (0.38), residenti
(0.38), option (0.37), continu (0.37), provid (0.37), mani (0.36), client (0.36)

Twitter

trust (0.68), switch (0.66), without (0.65), scare (0.62), suboxon (0.61), im (0.6), hate (0.59), due (0.59),
anyway (0.56), year (0.56), dose (0.53), transit (0.53), wait (0.51), yr (0.51), center (0.51)

YouTube

behavior (8.14)

behaviour (0.52), empathi (0.49), eif (0.44), repetit (0.44), undetect (0.44), destruct (0.44), hostil (0.43),
cbt (0.43), exhibit (0.43), pattern (0.42), drugseek (0.42), flexibl (0.42), manipul (0.42)

Web-based health communities

physic (0.39), behaviour (0.39), mat (0.38), topamax (0.37), workflow (0.36), yoga (0.36), cognit (0.35),
nprzyb (0.35), multilevel (0.35), recogn (0.35), rank (0.34), diseas (0.33), group (0.33), kneepain (0.33),
approach (0.33)

Twitter

jail (0.9), interest (0.89), servic (0.87), grant (0.87), integr (0.84), organ (0.83), learn (0.8), via (0.79), find
(0.77), healthcar (0.77), health (0.77), final (0.75), set (0.74), mani (0.72), educ (0.71)

YouTube

habit (7.96)

struggl (0.52), willpow (0.5), allen (0.48), carr (0.48), smoke (0.48), stop (0.45), habit (0.45), cig (0.45),
cigarette (0.44), feel (0.42), go (0.42), definit (0.41), sobrieti (0.4), time (0.4), smoker (0.4)

Web-based health communities

crack (0.39), googlawaqpp (0.37), dailyrecord (0.36), pushi (0.36), rehab (0.33), bright (0.33), intox (0.33),
black-watch (0.32), mccain (0.32), filthi (0.32), iff (0.31), weed (0.31), sober (0.31)

Twitter

herion (0.74), beer (0.58), slave (0.54), codein (0.54), trade (0.53), chemic (0.52), far (0.52), issu (0.52),
kratom (0.51), compound (0.5), anoth (0.49), wake (0.49), immedi (0.49), sick (0.48), evil (0.48)

YouTube

substitut (7.65)

deriv (0.47), replac (0.45), sert (0.45), synthes (0.44), indol (0.44), halogen (0.43), amin (0.43), keton (0.41),
phenyl (0.41), monocycl (0.41), hydrogen (0.4), piperidin (0.4), haloalkyl (0.39)

Web-based health communities

replac (0.47), ost (0.35), psilocybin (0.33), dcr (0.31), lesser (0.31), hepatitisc (0.3), licat (0.3), abstain
(0.29), deaden (0.29), halflif (0.28), assist (0.28), cab (0.28)

Twitter

anoth (0.69), sell (0.69), address (0.67), none (0.67), slave (0.65), exchang (0.63), isnt (0.61), what (0.61),
crutch (0.6), issu (0.59), sinc (0.58), there (0.58), trade (0.57), meant (0.55), unbroken (0.54)

YouTube

aData from 112,281 opioid-related posts identified by our best-performing model from Twitter, web-based health communities, and YouTube. The first
column depicts the features and their term frequency-inverse document frequency scores. The nearest neighbors column also depicts the cosine similarity
between each word and the corresponding feature. Words in posts are stemmed before being fed to models (eg, recovery is stemmed to its root recoveri).
Web-based health communities refer to Reddit and Drugs-Forum.

Discussion

Principal Findings
Harms propagated by misinformation are aplenty on the web
and come at both financial and societal costs. People often
accept what they read as true, especially if it comes from a
reasonably reputable source, and do not question the
information, no matter how astounding or alarming. In fact,
people even repeat the more remarkable information regardless
of how accurate it is. In the context of MOUD, it can lead to
grave consequences, including overdose deaths [29]. To the
best of our knowledge, this is the first study to examine
MOUD-related misinformation on a large scale, harnessing
conversations happening on the web.

Closely related to our work is the study by Jamison et al [49],
which leverages a collection of tweets to quantify vaccine
misinformation. Similar to our work, Jamison et al [49] coded
tweets into thematic categories based on vaccine sentiment
(positive, negative, or neutral). However, our work leveraged
thematic categories (relevant and not relevant to the myth) to
design ML-based models that are able to identify misinformation
in the context of MOUDs. Heimer et al [29] discussed prevalent
misconceptions about OUDs in the United States through 3

crises (1865-1913, 1960-1975, and 1995-today). Similar to our
focus, the authors acknowledged opioid abstinence-based
recovery models as a prevailing misconception and promoted
the large-scale expansion of MAT. Our work complements their
work by investigating this misconception quantitatively through
the lens of social media. Chenworth et al [50] investigated the
perception of the general public toward methadone and
buprenorphine-naloxone on Twitter. The authors identified that
a common barrier to treatment with these medications was the
idea of opioid substitution—the exchange of one opioid
addiction for another [50]. Our work investigates this barrier at
a deeper level by building models that are able to recognize this
type of discourse on social media.

Our results have important public health implications. Across
multiple platforms, we detected that the prevalence of posts
about a single myth related to medication treatment for OUD
in our sample ranged from 4 per 1000 posts on web-based health
communities to 9 per 1000 posts on Twitter. This is notable, as,
at any time, there are likely multiple myths being discussed on
the web, suggesting that the total volume of misinformation
content related to opioids may be a substantial proportion of
the total posts. The prevalence of such information has not been

J Med Internet Res 2021 | vol. 23 | iss. 12 | e30753 | p.676https://www.jmir.org/2021/12/e30753
(page number not for citation purposes)

ElSherief et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


previously quantified, and this study offers important insights
into the potential scope of this health information issue.

Although we cannot speculate on the exact reason why Twitter
presented more misinformation in the case of OUD-related
misinformation as that requires causal inference analysis, which
is beyond the scope of this paper, prior literature has pointed
out the lack of active expert or clinical-based moderation on
Twitter [51]. Although web-based health communities are also
not immune to bad behavior and antisocial activities such as
trolling, spamming, and harassment, these communities are
often guided by strict norms against such behavior and
moderated to ensure the quality and credibility of the content
being shared [52]. Prior studies on different types of web-based
health communities have demonstrated that adequate active
moderation increases the engagement of members and
consequently also increases the beneficial outcomes for members
in a web-based community [53]. In fact, the moderators
themselves regard their moderation style as important for the
regulation and stimulation of membership engagement [54,55].
We suspect that, because of these established moderation norms,
we observed a relatively lesser prevalence of MOUD
misinformation in the web-based communities we studied. We
noted that Twitter does implement some broad governance rules
that allow for certain types of information to stay on the
platform, whereas others are removed (eg, graphic violence and
adult content [56]). The platform also has provisions to tackle
the widespread presence of hate speech and abusive content
[57]. However, to the best of our knowledge, Twitter does not
implement policies toward the moderation of MOUD
misinformation. Our conjecture is that, because of this existing
practice, our study revealed a greater prevalence of this
misinformation on the platform. Nevertheless, in light of the
ongoing COVID-19 pandemic, Twitter has broadened its
definition of harm to address “content that goes directly against
guidance from authoritative sources of global and local public
health information” [58]. We hope that the findings of this study
can motivate social media platforms to consider moderation
approaches toward substance misuse information as well.

Given the significant prevalence of myths around OUD
treatment, as shown in this study, a possible approach to counter
web-based misinformation could be to perform targeted, expert
fact-checking of social media posts. This could mirror and
harness guidelines adopted by public health organizations to
debunk unverified information about OUD treatment. For
instance, substance use experts can be identified and asked to
review the content of social media posts to determine their
accuracy. These experts could critically appraise a post and
produce a response comprising a lay summary of the evidence
in addition to a detailed, referenced evidence review. This
review could be directly linked to the original post through
appropriate platform affordances to provide users with quick
access to fact-checked information. Specific fact-checking
processes could also be tailored to individual social media
platforms, given the differences we observed both in terms of
prevalence and the linguistic characteristics of the myth
discussions. Qualitative exploration of the characteristics of the
statements identified by the ML approach revealed linguistic
and topical diversity. Some statements explicitly referenced the

main concept we queried for—that MOUD represents replacing
one drug with another. However, related statements were
identified in which alternative treatments such as kratom entered
into the discussion. Rationales for hesitancy toward MOUD
also became apparent, including concerns about the
addictiveness of MOUD, the nature of withdrawal symptoms
from MOUD, and concerns about industry or governmental
motivations for recommending MOUD. Understanding these
concerns is directly relevant to providing health information,
understanding the role of digital information ecosystems as a
supplant or adjuvant resource in substance misuse treatment,
and addressing treatment hesitancy.

In addition to fact-checking efforts, public health engagement
campaigns could also be used to address specific cases of
misinformation. Recent research suggests that information
campaigns led by trusted community members and health
partners can help address health misinformation on social
platforms [59]. Accordingly, alliances can be forged with social
media influencers and key opinion leaders to run targeted health
promotion campaigns. Interventions such as those with positive
messaging can also be tailored to the preferences, perceptions,
and cultures of different platforms. Educational interventions
that improve literacy around OUD treatment and reduce the
stigma that precludes seeking help, as well as ecologically
sensitive interventions that open up avenues to access social
support, could also empower individuals to be better equipped
to deal with OUD treatment myths on the web. In short, although
the literature on strategies to effectively counter health
misinformation is still emerging, at minimum, this work
highlights the importance of ongoing assessment and awareness
of what health information is being prominently discussed on
the web to guide both the provision of effective health care and
public health prevention activities.

We note some limitations of this work. Although our analysis
included large data sets from diverse web-based platforms,
MOUD-related discussions happen on a wide variety of social
platforms, and the prevalence of misinformation across a broader
set of web-based environments needs characterization. For one
platform, YouTube, limitations in the number of comments that
can be accessed required restriction of the keyword list, which
may have affected the prevalence of misinformation, although
the estimate from YouTube was comparable with the other
platforms. Furthermore, this research did not examine the nature
of conversations surrounding the OUD treatment myth we
focused on in this paper, such as whether a conversation might
be reinforcing or countering the myth or discussing other
previously known myths. Future work may unpack these
characteristics of web-based discussions while also investigating
additional myths about OUD misuse that surface on web-based
platforms. Finally, geospatial-temporal studies on MOUD
misinformation that originates and spreads via social media
platforms can be a promising and significant direction for future
research; they can influence interventions such as targeted
location-based misinformation-countering campaigns as well
as help clinicians respond to patients’ false beliefs or
misperceptions.
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Conclusions
Using ML and natural language analysis, our research
demonstrated promise in identifying social media posts that
centered on treatment myths about OUD, including how these

discussions varied across platforms in terms of prevalence. As
the overdose epidemic continues to evolve, attention from health
professionals to health information on the web that drives patient
decision-making will continue to be a critical element of
prevention.
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Abbreviations
CDC: Centers for Disease Control and Prevention
KNN: k-nearest neighbor
LR: logistic regression
LSTM: long short-term memory
MAT: medication-assisted treatment
ML: machine learning
MOUD: medication for opioid use disorder
OUD: opioid use disorder
TF-IDF: term frequency-inverse document frequency
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Abstract

Background: Worldwide, social media traffic increased following the onset of the COVID-19 pandemic. Although the spread
of COVID-19 content has been described for several social media platforms (eg, Twitter and Facebook), little is known about
how such content is spread via private messaging platforms, such as WhatsApp (WhatsApp LLC).

Objective: In this study, we documented (1) how WhatsApp is used to transmit COVID-19 content, (2) the characteristics of
WhatsApp users based on their usage patterns, and (3) how usage patterns link to COVID-19 concerns.

Methods: We used the experience sampling method to track day-to-day WhatsApp usage during the COVID-19 pandemic. For
1 week, participants reported each day the extent to which they had received, forwarded, or discussed COVID-19 content. The
final data set comprised 924 data points, which were collected from 151 participants.

Results: During the weeklong monitoring process, most participants (143/151, 94.7%) reported at least 1 COVID-19–related
use of WhatsApp. When a taxonomy was generated based on usage patterns, around 1 in 10 participants (21/151, 13.9%) were
found to have received and shared a high volume of forwarded COVID-19 content, akin to super-spreaders identified on other
social media platforms. Finally, those who engaged with more COVID-19 content in their personal chats were more likely to
report having COVID-19–related thoughts throughout the day.

Conclusions: Our findings provide a rare window into discourse on private messaging platforms. Such data can be used to
inform risk communication strategies during the pandemic.

Trial Registration: ClinicalTrials.gov NCT04367363; https://clinicaltrials.gov/ct2/show/NCT04367363

(J Med Internet Res 2021;23(12):e34218)   doi:10.2196/34218

KEYWORDS

social media; WhatsApp; infodemiology; misinformation; COVID-19; tracking; surveillance; app; longitudinal; Singapore;
characteristic; usage; pattern; well-being; communication; risk

Introduction

WhatsApp (WhatsApp LLC) is the most commonly used
messaging app worldwide; it has 1.5 billion users across 180

countries [1]. On account of its large user base and near-instant
message transmission capabilities, the platform has played a
critical role in risk communication during the COVID-19
pandemic.
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WhatsApp has been co-opted by government agencies and the
World Health Organization to disseminate official COVID-19
updates [2]. However, while this showcases the platform’s
ability to reach a large sector of the population, this feature has
also made it a vessel for misinformation. For example, at the
beginning of the pandemic, WhatsApp noted a 40% surge in
usage [3]. This was paired with a high volume of message
forwarding activity that was widely believed to support
misinformation. As a result, the platform restricted the number
of individuals to whom a message could be forwarded
simultaneously [4,5].

Despite these restrictions, a survey in India found that 1 in 2
participants had received COVID-19 misinformation through
WhatsApp or Facebook [6]. Likewise, WhatsApp was identified
by Hong Kong residents as the foremost source for
COVID-19–related rumors [7]. As misinformation can
jeopardize public health strategies, these findings underscore
the need for infodemiological studies that document how
COVID-19 content spreads through WhatsApp.

To date however, the bulk of infodemiology studies have
focused on social media platforms in which content is publicly
accessible (eg, Twitter and Facebook) [8,9]. In contrast, research
on WhatsApp has proven to be elusive because of the platform’s
private nature; its end-to-end encryption software ensures that
only senders and recipients have access to messages sent through
the platform. Nonetheless, WhatsApp research remains a
priority; aside from its popularity and role in disseminating
crisis-related misinformation [10,11], insights from public posts
are also unlikely to generalize to WhatsApp’s private messages
[12]. It thus remains unclear as to who sends COVID-19–related
messages, who receives such messages, and what manner such
messages are sent.

To address these gaps in the literature, we designed a study to
(1) describe the base rate of COVID-19 content dissemination,
(2) understand WhatsApp users, and (3) examine correlates of

usage patterns. Specifically, we used the experience sampling
method to track WhatsApp usage amid everyday routines across
1 week [13,14]. We asked participants to report each day their
frequency of receiving, forwarding, or discussing
COVID-19–related content. Through this method, we generated
a taxonomy of participants based on their usage patterns and
examined whether day-to-day variations in WhatsApp usage
predicted COVID-19–related concerns.

Methods

Recruitment
From March 17 to May 7, 2020, participants were recruited
from the general community via advertisements placed in
Facebook and WhatsApp community groups (eg, residential
groups, workplace groups, and university groups), posts on
popular web-based forums, and paid Facebook advertisements
targeting Singapore-based users. All study activities took place
on the web-based survey platform Qualtrics (Qualtrics
International Inc), and participants were reimbursed with SGD
$5 (US $3.65) upon study completion. The study protocol was
approved by the Yale-NUS (National University of Singapore)
College Ethics Review Committee (protocol record:
2020-CERC-001) and was preregistered at ClinicalTrials.gov
(trial number: NCT04367363).

Participants
The participants were 151 adults who met the following
inclusion criteria: (1) aged 21 years or older, (2) had lived in
Singapore for at least 2 years, and (3) had a WhatsApp account.

Measures
Following the provision of informed consent, participants
completed (1) a baseline questionnaire, (2) experience sampling
responses daily for 7 days, and (3) a final questionnaire (Figure
1).

Figure 1. Schematic of study procedures. All participants completed a baseline questionnaire. This was followed by 7 days of experience sampling,
during which participants addressed questions about COVID-19 concerns and WhatsApp usage daily. Participants completed a final questionnaire 1
day after the experience sampling procedure ended. DASS-21: 21-item Depression, Anxiety and Stress Scale.

Experience Sampling
As the primary form of data collection, we used the experience
sampling method to capture COVID-19 chatter on WhatsApp.

Through this method, we collected 924 data points across 151
participants (compliance rate: 924/1057, 87.4%).

For 7 days, participants accessed a web-based survey each
evening (at 9:30 PM) to report their WhatsApp usage for the
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day. Participants indicated whether they had forwarded messages
related to COVID-19 (“yes” or “no”). We focused on message
forwarding as a proxy indicator for high-risk content, since (1)
large Twitter studies have observed that misinformation is more
likely to be shared than posts that are true [15] and (2)
WhatsApp developers had previously linked forwarded
messages to misinformation [4,5]. If participants had forwarded
COVID-19 content, they were then asked about (1) the number
of unique COVID-19 messages they had forwarded and (2) the
number of unique groups and individuals to which they had
forwarded messages.

Participants were also asked about their personal chats (ie, their
one-to-one chats on WhatsApp). They indicated whether
COVID-19 messages had been forwarded to them in personal
chats (“yes” or “no”). If so, they were asked about (1) the
number of unique messages they had received and (2) the
number of different people from which they had received
messages. Thereafter, participants recounted whether they had
discussed COVID-19 in conversations where either they or the
other party generated messages related to COVID-19 (“yes” or
“no”). If so, they were asked about how many unique chats were
involved.

Finally, for group chats, participants were asked if COVID-19
had been mentioned in any of their WhatsApp groups by at least
1 other person (not including themselves; “yes” or “no”). This
could have occurred either through others forwarding messages
or through others generating their own comments. Affirmative
responses were followed with a question on how many
WhatsApp groups had done so.

Aside from WhatsApp metrics, participants also reported their
COVID-19 concerns for the day; they were asked about (1) how
afraid they felt about the COVID-19 situation (4-point scale:
1=“Not scared at all”; 4=“Very scared”) and (2) whether they

thought about the COVID-19 situation all the time (5-point
scale: 1=“Not at all true”; 5=“Very true”).

Baseline and Final Questionnaires
To characterize the participants, we included baseline and final
questionnaires in which participants reported demographics
(age, gender, religion, ethnicity, marital status, education, house
type, household size, citizenship, country of birth, and number
of years in Singapore), the time of day when they read and sent
COVID-19 messages on WhatsApp (mostly in the morning,
afternoon, evening, or late night or throughout the day), and
sources through which they obtained COVID-19 news (eg,
printed newspapers, radio, WhatsApp, and YouTube).
Additionally, participants completed the 21-item Depression,
Anxiety and Stress Scale (DASS-21) [16] to evaluate their
mental health during the pandemic. Participants were also asked
about their responses to the pandemic [2,17], that is, (1) how
confident they were that the government could control the
nationwide spread of COVID-19 (1=“Not confident at all;
4=“Very confident”), (2) their perceptions on how likely that
they or someone in their immediate household would contract
COVID-19 (1=“Not at all likely”; 4=“Very likely”), and (3)
how fearful they were about the situation in the country (1=“Not
scared at all”; 4=“Very scared”).

Statistical Analysis
First, we summarized the data as counts with percentages or as
means with SDs, focusing on the following seven quantitative
WhatsApp usage variables (Figure 2): the number of (1)
COVID-19 messages that participants forwarded, (2) groups to
whom messages were forwarded, (3) individuals to whom
messages were forwarded, (4) forwarded messages received,
(5) individuals from whom messages were received, (6) personal
chats involving COVID-19–related conversations, and (7) group
chats discussing COVID-19. Multimedia Appendix 1 shows
the pattern of correlations across these variables.

Figure 2. Distribution of COVID-19–related behaviors on WhatsApp. In a weeklong experience sampling procedure, participants reported the extent
to which they engaged in COVID-19–related behaviors on WhatsApp (either by forwarding or receiving messages or in conversations). Horizontal bars
represent the total amount of each activity captured (averaged across all participants). Horizontal lines represent the 95% CIs for the means.

Second, to understand WhatsApp user profiles, we performed
a latent profile analysis to create a taxonomy of participants
based on their WhatsApp usage (R package mclust [18]). Latent
profile analysis is a bottom-up statistical clustering method for

defining classes of people based on common characteristics.
By using all observations of a continuous dependent variable,
classes are created such that within each class, indicator
variables are statistically uncorrelated [19]. We thus used this
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technique to cluster participants based on their responses to the
seven WhatsApp usage variables; values were obtained by
aggregating the reported frequency of each variable over the
week. To uncover clusters, we used Gaussian mixture models
and assigned participants to clusters by using Bayesian
probabilities. The final number of clusters was determined by
using the Bayesian information criterion, the integrated
completed likelihood criterion, and a bootstrap likelihood test.

Finally, we examined whether day-to-day variations in
COVID-19 WhatsApp chatter could be tracked based on
variations in COVID-19 concerns. We quantified COVID-19
chatter on personal and group chats, so that such chatter could
be used as predictors. For personal chats, the following variables
were summed for each day and for each participant: the number
of (1) individuals to whom COVID-19 messages were
forwarded, (2) individuals from whom forwarded messages
were received, and (3) personal conversations discussing
COVID-19. For group chats, the following variables were
summed: the number of (1) groups participants to whom
COVID-19 messages were forwarded and (2) groups where
COVID-19 messages were mentioned. Scores were grand-mean
centered by subtracting the mean number of chats across subjects
and time points from each score (number of chats: mean 2.47
and mean 1.29, respectively). In addition, we created between-

and within-subject versions of each predictor [20]. The final
analyses involved linear mixed-effects models for each outcome
measure (fear of and thoughts about COVID-19). The following
were entered as fixed effects: time (centered such that 0 referred
to the middle of the week), daily personal chats (between
subjects), daily personal chats (within subjects), daily group
chats (between subjects), and daily group chats (within subjects).
Random intercepts accounted for correlated data resulting from
repeated measures.

Across all analyses, the type 1 decision-wise error rate was
controlled at an α of .05. All statistical analyses were conducted
in R 3.5.0 (R Foundation for Statistical Computing) and SPSS
25 (IBM Corporation).

Results

Baseline Participant Characteristics
As shown in Table 1, 68.9% (104/151) of participants were
female, and their mean age was 36.35 (SD 14.7) years.
Participants were predominantly of Asian ethnicity (Chinese:
140/151, 92.7%) and had at least a postsecondary education
(133/151, 88.1%). Further, 39.7% (60/151) of participants were
married, and the majority (105/151, 69.5%) belonged to
households of at least 4 members.
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Table 1. Participant characteristics as a function of COVID-19 WhatsApp usage patterns.

All participants
(N=151)

Minimal users
(n=37)

Discursive users
(n=46)

Receiving users
(n=47)

Chronic users
(n=21)

Characteristic

36.35 (14.70)34.4 (14.5)29.7 (10.7)41.0 (15.5)44.1 (14.5)Age (years), mean (SD)

Gender, n (%)

104 (69)28 (76)29 (63)34 (72)13 (62)Female

47 (31)9 (24)17 (37)13 (28)8 (38)Male

Ethnicity , n (%)

140 (93)36 (97)42 (91)42 (89)20 (95)Chinese

5 (3)0 (0)3 (7)2 (5)0 (0)Indian

3 (2)0 (0)1 (2)2 (5)0 (0)Malay

3 (2)1 (3)0 (0)1 (1)1 (5)Other

Religion, n (%)

54 (36)13 (35)16 (35)17 (36)8 (38)Christianity (Protestant)

38 (25)10 (27)11 (24)14 (30)3 (14)No religion

32 (21)11 (30)8 (18)9 (19)4 (19)Buddhism

16 (11)2 (5)6 (13)4 (9)4 (19)Roman Catholicism

4 (3)1 (3)2 (4)0 (0)1 (5)Taoism or Chinese traditional beliefs

5 (3)0 (0)1 (2)3 (6)1 (5)Islam

2 (1)0 (0)2 (4)0 (0)0 (0)Hinduism

Marital status , n (%)

60 (40)15 (41)8 (17)24 (51)13 (62)Married

58 (38)12 (32)25 (55)15 (32)6 (28)Single

29 (19)9 (24)12 (26)7 (15)1 (5)Dating

3 (2)1 (3)0 (0)1 (2)1 (5)Widowed, separated, or divorced

1 (1)0 (0)1 (2)0 (0)0 (0)Did not answer

Educational level, n (%)

12 (8)6 (16)1 (2)4 (9)1 (5)O level

25 (17)9 (24)9 (19)5 (10)2 (10)Junior college

3 (2)0 (0)1 (2)1 (2)1 (5)Institute of Technical Education

26 (17)4 (11)7 (15)13 (28)2 (10)Polytechnic or diploma

69 (46)16 (43)21 (46)21 (45)11 (51)University (undergraduate)

10 (7)2 (6)3 (7)1 (2)4 (19)University (postgraduate)

5 (3)0 (0)3 (7)2 (4)0 (0)Other

1 (1)0 (0)1 (2)0 (0)0 (0)Did not answer

House type, n (%)

1 (1)1 (3)0 (0)0 (0)0 (0)HDBa flat (1-2 rooms)

6 (4)2 (5)2 (4)2 (4)0 (0)HDB flat (3 rooms)

31 (21)10 (27)10 (22)9 (19)2 (10)HDB flat (4 rooms)

47 (31)11 (30)14 (31)19 (40)3 (14)HDB flat (5 rooms)

45 (30)10 (27)11 (24)12 (26)12 (57)Condominium

17 (11)2 (5)7 (15)4 (9)4 (19)Landed property

4 (3)1 (3)2 (4)1 (2)0 (0)Did not answer

Household size (number of members), n (%)
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All participants
(N=151)

Minimal users
(n=37)

Discursive users
(n=46)

Receiving users
(n=47)

Chronic users
(n=21)

Characteristic

6 (4)0 (0)3 (7)1 (2)2 (10)1

11 (7)3 (8)3 (7)5 (11)0 (0)2

28 (19)8 (22)5 (11)8 (17)7 (33)3

61 (40)15 (40)21 (45)18 (38)7 (33)4

44 (29)11 (30)13 (28)15 (32)5 (24)≥5

1 (1)0 (0)1 (2)0 (0)0 (0)Did not answer

Citizenship, n (%)

142 (94)36 (97)42 (91)46 (98)18 (86)Singapore

9 (6)1 (3)4 (9)1 (2)3 (14)Other

Country of birth, n (%)

133 (88)33 (89)38 (83)45 (96)17 (81)Singapore

18 (12)4 (11)8 (17)2 (4)4 (19)Other

33.65 (15.32)31.65 (14.47)26.43 (10.83)39.60 (16.69)39.67 (15.22)Number of years in Singapore, mean (SD)

21-item Depression, Anxiety and Stress Scale scores, mean (SD)

9.57 (8.47)10.81 (8.72)9.56 (10.13)8.61 (7.08)9.52 (7.12)Stress

5.28 (6.36)5.89 (7.71)5.33 (6.59)5.13 (5.44)4.38 (5.28)Anxiety

8.90 (8.50)10.76 (9.54)9.47 (9.73)7.22 (6.86)8.10 (6.52)Depression

Pandemic-related concerns (score), mean (SD)

2.34 (0.67)2.27 (0.69)2.22 (0.74)2.53 (0.65)2.29 (0.46)Fear of COVID-19 situation

3.27 (0.65)3.24 (0.72)3.29 (0.66)3.23 (0.63)3.33 (0.58)Confidence in government

2.75 (0.57)2.76 (0.60)2.78 (0.56)2.74 (0.53)2.71 (0.64)Perceived likelihood of contracting COVID-19

aHDB: housing and development.

Base Rate of COVID-19 WhatsApp Usage
Participants’self-reports revealed that WhatsApp was the second
most common source for COVID-19 news after news websites
or apps (Figure 3). By quantifying this through 1 week of
experience sampling, we found that nearly all participants
(143/151, 94.7%; 95% CI 90-98%) reported at least 1
COVID-19 related use of WhatsApp. Namely, around 1 in 2

participants (79/151, 52.3%; 95% CI 44%-60%) forwarded at
least 1 COVID-19 message (to either individuals or groups),
78.1% (118/151; 95% CI 71%-84%) received at least 1
forwarded message in personal chats, 66.2% (100/151; 95% CI
58%-74%) engaged in personal chat conversations about
COVID-19, and 88.1% (133/151; 95% CI 82%-93%) had been
in groups where COVID-19 was mentioned.
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Figure 3. Sources of COVID-19 news. In a questionnaire, participants self-reported the sources from which they received COVID-19 news.

Figure 2 shows the extent to which participants engaged in each
of these activities. On average, participants (1) received 2.3
times more messages than they forwarded and (2) were more
likely to forward messages to individuals than to groups (average
of 5.3 messages per week vs 2.7 messages per week,
respectively). Beyond passive engagement, participants also
took part in an average of 3.8 one-to-one conversations about
COVID-19 during the week; however, these interactions
occurred less frequently than the sending or receiving of
forwarded messages in group chats.

Characterizing Participants Based on COVID-19
WhatsApp Usage

Latent Profile Analysis: Generating a Taxonomy of
WhatsApp Usage
Although most participants (143/151, 94.7%) received and
shared COVID-19 content on WhatsApp, there were individual
differences in usage patterns (Figure 4). Correspondingly, we
conducted a latent profile analysis to understand how usage
patterns clustered.

Figure 4. Taxonomy of COVID-19–related WhatsApp usage. By using latent profile analysis, we classified participants based on how they had used
WhatsApp to engage with COVID-19 content during 1 week of monitoring. The figure depicts the WhatsApp usage activities of chronic users (top left),
receiving users (top right), discursive users (bottom left), and minimal users (bottom right). Horizontal lines represent the 95% CIs for the means.

A 4-cluster solution yielded the lowest absolute Bayesian
information criterion values (Multimedia Appendix 2), resulting
in the following taxonomy (Figure 4). First, 13.9% (21/151) of
participants were chronic users, who exhibited high levels of

activity with regard to each of the WhatsApp usage variables.
Correspondingly, this group of participants was responsible for
receiving and transmitting a large volume of forwarded
COVID-19 messages; they sent the messages both to individual
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contacts and to groups. Second, 31.1% (47/151) of participants
were receiving users, who were distinguished by their receipt
of multiple forwarded COVID-19 messages. Although this
group discussed COVID-19 frequently in group chats, they
rarely passed along the forwarded COVID-19 messages that
they had received. A third group – discursive users (46/151,
30.5%) – had low exposure to forwarded COVID-19 messages
and primarily engaged with COVID-19 content through personal
and group chats. Finally, 24.5% (37/151) of participants were
minimal users, who had low levels of engagement with
COVID-19 content overall.

Understanding User Characteristics
As an exploratory analysis, we performed a classification tree
analysis to predict WhatsApp user types based on demographics,
COVID-19 concerns, depression and anxiety scores (DASS-21),

and the time of day when participants used WhatsApp. We
performed recursive partitioning (rpart)—a machine learning
technique that allows multiple variables to be analyzed
simultaneously and supports the modeling of complex, nonlinear
relations among predictors [21]. To avoid overfitting, the final
tree was pruned by selecting the tree size with the lowest
cross-validation error, which, for our data set, was a tree size
of 8.

As shown in Figure 5, chronic users were more likely to be
married or divorced and more likely to send messages either
throughout the day or in the afternoon. In terms of responses to
the COVID-19 pandemic, chronic users either (1) had extreme
fears of the COVID-19 situation (low or high levels of fear) or
(2) had moderate fears paired with low confidence in the
government’s response (low or moderate confidence in
government).

Figure 5. Classification tree analysis. Recursive partitioning was used to predict which of the four WhatsApp usage profiles (chronic, receiving,
discursive, or minimal) participants belonged to based on baseline questionnaire measures (demographics; COVID-19 concerns; scores on the 21-item
Depression, Anxiety and Stress Scale; and time of WhatsApp usage). The final tree model is presented as a flowchart; factors are chosen at each level
to categorize the maximal number of participants. Marital status, the time of WhatsApp usage, and age emerged as the primary predictors (model
classification accuracy: 64.2%; above the chance level of 25%).

Discursive users were more likely to be single or be dating and
had either (1) extreme levels of COVID-19–related fears (either
high or low levels of fear) or (2) moderate fear levels alongside
Christian or Taoist affiliations. A subgroup of discursive users
were, like chronic users, married or divorced and had moderate
levels of COVID-19–related fears. However, they were
distinguished from chronic users based on their high confidence
in the government (chronic users had lower confidence in the
government).

Finally, receiving, and minimal users had similar profiles. If
they were single or were dating, both sets of users tended to
have moderate levels of COVID-19–related fears, had a wide
range of religious backgrounds, and were distinguished based
on the time of day when they received COVID-19–related

messages (receiving users: in the morning, in the evening, and
throughout the day; minimal users: in the afternoon and at night).
If they were married or divorced, both sets of users tended to
send messages at only 1 time of the day (morning, evening, or
night) and were distinguished based on age (receiving users:
aged ≥51 years; minimal users: aged <51 years). Table 1
describes the demographic characteristics of the four user
profiles.

Does WhatsApp Usage Relate to COVID-19 Concerns?
Finally, we conducted linear mixed-effects models to examine
whether WhatsApp usage was related to COVID-19 concerns
(Table 2). As shown in Figure 6, day-to-day COVID-19–related
fears and thoughts fluctuated (fears: t249.13=−3.72; P<.001;
thoughts: t297.02=−2.36; P=.02).
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Table 2. Parameter estimates for the multi-level model of thoughts about COVID-19 (model 1) and the fear of COVID-19 (model 2) as a function of
participants’ daily WhatsApp use (personal chats and group chats).

P valuet testa(df) or ZEstimate, β (SE; 95% CI)Model and effects

Model 1 outcome: thoughts about COVID-19

Fixed effects

<.00132.81 (135.68)2.18 (0.07; 2.05 to 2.31)Intercept

.02−2.36 (297.02)−.03 (.01; −.05 to 0)Time (centered)

.022.36 (164.48).04 (.02; 0 to .07)Daily personal chat usage (between subjects)

.680.42 (17.63)0 (.01; −.01 to .02)Daily personal chat usage (within subjects)

.370.89 (141.17).05 (.06; −.06 to .17)Daily group chat usage (between subjects)

.93−0.08 (14.09)0 (.03; −.06 to .05)Daily group chat usage (within subjects)

Random effects

<.0016.89.56 (.08; .42 to .75)Intercept (between subjects)

<.00114.90.37 (.02; .33 to .43)Residual (within subjects)

<.0014.97.24 (.05; .14 to .33)Autocorrelation (within subjects)

Model 2 outcome: fear of COVID-19

Fixed effects

<.00136.37 (144.90)2.10 (0.06; 1.98 to 2.21)Intercept

<.001−3.72 (249.13)−.03 (.01; −.05 to −.02)Time (centered)

.390.85 (155.44).01 (.01; −.02 to .04)Daily personal chat usage (between subjects)

.241.22 (24.97).01 (.01; −.01 to .02)Daily personal chat usage (within subjects)

.620.49 (128.59).02 (.05; −.07 to .12)Daily group chat usage (between subjects)

.17−1.42 (28.88)−.03 (.02; −.06 to .01)Daily group chat usage (within subjects)

Random effects

<.0017.47.44 (.06; .34 to .58)Intercept (between subjects)

<.00113.83.21 (.01; .18 to .23)Residual (within subjects)

<.0015.16.26 (.05; to .16 to .35)Autocorrelation (within subjects)

aThe t test was 2-tailed.
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Figure 6. COVID-19–related thoughts and fears over 1 week. Day-to-day variations in COVID-19–related thought (top) and fear levels (bottom) as a
function of WhatsApp user profiles. The shaded grey areas represent 95% CIs.

For thoughts about COVID-19, there was a significant effect
in WhatsApp personal chat usage at a between-subjects level
(t164.48=2.36; P=.02), that is, participants who handled larger
amounts of COVID-19 content in their personal chats reported
having more thoughts about COVID-19 (relative to participants
who handled smaller amounts of COVID-19 content). However,
the corresponding effect for group chats was not significant
(t141.17=0.89; P=.37). At the within-subjects level, neither
day-to-day fluctuations in personal chat activities nor those in
group chat activities significantly predicted thoughts about
COVID-19 (smallest P=.68).

For COVID-19–related fears, we found no significant effects
in any of the WhatsApp usage variables (smallest P=.17). For
sensitivity analyses, we repeated both models and used group
membership as a fixed factor in place of personal and group

chat usage, and our primary conclusions did not change
(Multimedia Appendix 3).

Discussion

Principal Findings
The ongoing pandemic has drawn attention to the role of social
media in public health. Against this backdrop, we present the
first infodemiological study to document the spread of
COVID-19 content through WhatsApp. By tracking daily
WhatsApp usage for 1 week, we found that (1) nearly every
participant engaged in COVID-19 chatter and (2) participants
were more likely to share or receive forwarded messages than
to engage in conversations about COVID-19.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e34218 | p.691https://www.jmir.org/2021/12/e34218
(page number not for citation purposes)

Tan et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


The volume of forwarded messages that we observed raises
concern. On other social media platforms, forwarding behaviors
have been linked to the spread of misinformation. For example,
a study of 4.5 million Twitter posts found that misinformation
was 70% more likely to be shared than posts that were true;
correspondingly, any single retweet had a higher probability of
containing false news rather than truthful news [15]. Although
analogous research has not been conducted on WhatsApp, the
app’s developers have likewise deemed forwarded messages as
a high-risk source of misinformation [4,5]. 

With regard to the extent that forwarded messages carry
misinformation [1,2], our latent profile analyses revealed that
around 1 in 10 (21/151, 13.9%) participants were chronic users
who received and shared a large volume of such messages.
Notably, chronic users disseminated an average of 14 forwarded
messages during the week, which is approximately 5 times the
number of messages that were sent by all participants in this
study. This is reminiscent of research on other social media
platforms (eg, Twitter) where a small group of super sharers
and super consumers are responsible for the bulk of shared
misinformation [22]. Given the potential influence of this group,
further research is needed to understand (1) the profile of chronic
users, (2) the reasons why they forward messages, and (3) how
their forwarding activities may influence outcomes during health
crises.

Aside from chronic users, our study also found that around 1
in 3 (47/151, 31.1%) participants were receiving users who had
high exposure to forwarded COVID-19 content. Receiving users
tended to be older (in line with misinformation studies on
Facebook [23]) but were otherwise moderate in terms of their
profiles, that is, in terms of COVID-19–related fears or religion
(they came from a diverse religious background). Although this
group did not spread forwarded messages themselves, their high
exposure may nonetheless leave them susceptible to false beliefs.
Correspondingly, we urge researchers to conduct further
research to understand how WhatsApp use among receiving
users influences health behaviors.

Finally, we also found that WhatsApp users who discussed
COVID-19 in their personal chats were more likely to think
about COVID-19 throughout the day. As similar forms of
rumination (involving frequent and persistent thoughts) have
been linked to clinical depression [24], this finding may
implicate COVID-19 chatter as a risk factor for poorer
well-being [25]. Future studies should thus explore this
possibility and the potential mechanisms involved.

Implications
Taken together, our findings on WhatsApp message transmission
have several implications for public health responses during a
crisis. First, our taxonomy of user profiles provides a basis for

targeted risk communication. Our findings suggest that public
health agencies may need to reach out proactively to chronic
and receiving users, who handle the bulk of forwarded
COVID-19 content on WhatsApp. One possible intervention
may be encouraging these users to subscribe to official
WhatsApp channels for updates (eg, updates from the World
Health Organization) [2] to capitalize on their pre-existing
readiness to use the platform.

Tracking WhatsApp chatter may also result in new opportunities
for detecting disease outbreaks. The nascent field of digital
epidemiology seeks to model how diseases spread by monitoring
digital data sources (eg, through Google search data and Twitter
posts) [26]. Although the content of private WhatsApp messages
is difficult to track, the volume or nature of messages (eg,
forwarded messages) may provide information that can be used
to support disease surveillance. To this end, further research is
needed to explore the predictive utility of message transmission
dynamics on WhatsApp.

Limitations
In reporting these findings, we noted several limitations. First,
we opted to study WhatsApp—the most widely used messaging
app. At this juncture, it is unclear whether our results generalize
to other messaging apps (eg, Facebook Messenger and
Telegram).

Second, our recruitment strategy was limited by the nature of
the pandemic. Owing to infectious disease protocols and the
short time period when the amount of crisis-related
communication was high [27], our data collection process was
restricted in terms of the recruitment strategy (web-based
sampling), sample size (151 participants), and time frame (1
week per participant). Further research is needed to examine
whether our findings generalize to the broader population.

Finally, although the experience sampling method captured
WhatsApp usage in participants’naturalistic settings, the method
nonetheless required self-reports. By extending our findings,
future studies will benefit from having objective metrics of
WhatsApp usage.

Conclusions
In conclusion, we used the experience sampling method to
capture COVID-19 chatter on WhatsApp for the first time. In
total, we tracked 924 days’ worth of chatter in situ, revealing
(1) the sheer prevalence of WhatsApp usage, (2) a typology of
WhatsApp users, and (3) a link between usage patterns and
constant thoughts about the pandemic. These findings have
implications for health communication and disease surveillance,
bringing the field 1 step closer to characterizing WhatsApp
usage and using these data to gain insights on individual and
societal concerns.
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Abstract

Background: Low back pain (LBP) remains the leading cause of disability worldwide. A better understanding of the beliefs
regarding LBP and impact of LBP on the individual is important in order to improve outcomes. Although personal experiences
of LBP have traditionally been explored through qualitative studies, social media allows access to data from a large, heterogonous,
and geographically distributed population, which is not possible using traditional qualitative or quantitative methods. As data on
social media sites are collected in an unsolicited manner, individuals are more likely to express their views and emotions freely
and in an unconstrained manner as compared to traditional data collection methods. Thus, content analysis of social media provides
a novel approach to understanding how problems such as LBP are perceived by those who experience it and its impact.

Objective: The objective of this study was to identify contextual variables of the LBP experience from a first-person perspective
to provide insights into individuals’ beliefs and perceptions.

Methods: We analyzed 896,867 cleaned tweets about LBP between January 1, 2014, and December 31, 2018. We tested and
compared latent Dirichlet allocation (LDA), Dirichlet multinomial mixture (DMM), GPU-DMM, biterm topic model, and
nonnegative matrix factorization for identifying topics associated with tweets. A coherence score was determined to identify the
best model. Two domain experts independently performed qualitative content analysis of the topics with the strongest coherence
score and grouped them into contextual categories. The experts met and reconciled any differences and developed the final labels.

Results: LDA outperformed all other algorithms, resulting in the highest coherence score. The best model was LDA with 60
topics, with a coherence score of 0.562. The 60 topics were grouped into 19 contextual categories. “Emotion and beliefs” had
the largest proportion of total tweets (157,563/896,867, 17.6%), followed by “physical activity” (124,251/896,867, 13.85%) and
“daily life” (80,730/896,867, 9%), while “food and drink,” “weather,” and “not being understood” had the smallest proportions
(11,551/896,867, 1.29%; 10,109/896,867, 1.13%; and 9180/896,867, 1.02%, respectively). Of the 11 topics within “emotion and
beliefs,” 113,562/157,563 (72%) had negative sentiment.

Conclusions: The content analysis of tweets in the area of LBP identified common themes that are consistent with findings
from conventional qualitative studies but provide a more granular view of individuals’ perspectives related to LBP. This
understanding has the potential to assist with developing more effective and personalized models of care to improve outcomes
in those with LBP.

(J Med Internet Res 2021;23(12):e26093)   doi:10.2196/26093
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pain

Introduction

Low back pain (LBP) is the leading cause of disability
worldwide [1,2]. Approximately 50%-80% of adults experience
LBP at least once in their lives [3] and it is a leading cause of
work absence and limits physical activities, posing a large
economic burden [1,4]. In the United States, the total cost
associated with LBP exceeds US $100 billion per year [5,6]. It
is also a significant contributor to the current global epidemic
of narcotic prescriptions [7].

Optimizing management of conditions such as LBP requires
consumers to be engaged in their care. To enable this, health
care providers need to have an understanding of the full context
of the condition from the consumer perspective. “Contextual
variables” here refer to any type of useful information about
the context of an individual’s pain experience, such as physical,
emotional, social, and/or occupational variables [8]. A better
understanding of the contextual variables of individuals with
LBP could provide clinicians and health providers with an
alternative insight into patients’ concerns, beliefs, and
expectations, and has the potential to improve outcomes in LBP
[9]. Although there have been many studies examining
individuals’ beliefs about LBP, patients’ perspectives remain
inadequately understood [10]. Although qualitative
studies—including systematic scoping reviews—investigating
patients' needs and expectations have been conducted, these
have largely focused on a single topic, such as health care, with
the findings extrapolated from heterogeneous studies that are
of poor quality [11-13]. A further limitation of current
approaches is that most traditional data collection methods use
predefined frameworks that have the potential to constrain
responses. For instance, validated questionnaires that provide
statements about back pain and its consequences (such as “back
pain must be rested”) and require the respondent to indicate
their level of agreement on a scale are commonly used [12,13].
Moreover, for logistical and methodological reasons, many
studies restrict the selection of populations to be studied.

With the current advances in online and web technologies, social
media has emerged as a new and rich source of first-person
health care data [14-16]. Social media platforms provide an
opportunity to rapidly collect data from a larger and more
diverse population in a cost-efficient manner. Health-related
topics are commonly discussed on Twitter [17-19], a
microblogging social media site [20]. A systematic review
conducted by Sinnenberg et al [21] found six main uses of
Twitter in health research: content analysis, surveillance,
engagement, recruitment, intervention, and network analysis.
Aggregation and analysis of large volumes of health-related
data from social media sites could provide valuable information

from a first-person point of view [14,22]. In the area of LBP,
this approach could be used to investigate individuals’
perspectives and the context around the LBP experience [15,23].
We hypothesize that the detected topics identify specific
contexts around the LBP experience in individuals. Thus, the
aim of this study was to identify contextual variables of the LBP
experience from a first-person perspective using a topic
modeling approach of Twitter data to provide useful insights
into individuals’ beliefs and perceptions. This has the potential
to inform more effective patient-centered approaches to the
management of LBP.

Methods

Study Approach
Our study approach was to undertake content analysis of Twitter
data by applying topic modeling. Content analysis is a widely
used technique for qualitative research [24] that enables studying
patient experience in depth by deriving topics of interest from
text documents [14,25].

Twitter Data
Twitter was used as the data source rather than other social
media platforms, blog posts, or news articles because individuals
use this platform for expressing and sharing their feelings and
opinions on health-related topics by posting short messages that
can be easily collected through application programming
interfaces (APIs) or other open sources [14-17,26]. We used an
open-source Twitter scraping tool called Twint [27] for
collecting tweets related to LBP that were written in English.
Twint enables the collecting of Twitter data without using
Twitter's API through its publicly available library in the Python
programming language [27,28]. We collected tweets posted
between January 1, 2014, and December 31, 2018 (inclusive).
The time frame of 5 years was selected to provide us with
sufficient data to examine the patterns in emerging topics and
the number of tweets over time. Since the number of active
users on the social media platform increased in recent years and
we needed a large volume of data for topic modeling, we did
not consider tweets posted before 2014. We selected the search
keywords based on 3 studies on back pain [15,29,30]. These
are detailed in Table 1. Search keywords were verified by our
domain experts (FC, a rheumatologist; DU, a physiotherapist)
who have extensive research and clinical expertise in the area
of LBP. Selecting search keywords and an appropriate time
frame are important considerations in the data collection process.
The Monash University Human Research Ethics Committee
approved this study (project ID 19738).

Our data processing and analysis consisted of 4 steps (see Figure
1).
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Table 1. Keywords used to search tweets related to low back pain.

Total, nKeywordsStudy purposeSource

12“painful back,” “sore back,” “back started hurting,” “buggered
my back,” “hurt my back,” “I’ve got backache,” “injured my
back,” “my back hurts,” “I’ve got back pain,” “pain in my back,”
“put my back out,” “my back is killing me”

To quantify the risks associated with a new tweet
about back pain

Lee et al, 2016
[15]

10“backache,” “back ache,” “back aches,” “back hurt,” “back
hurting,” “back hurts,” “back killin’,” “back killing,” “back pain,”
“back sore”

To compare self-reported toothache experiences in
tweets with those of backache, earache, and
headache

Ahlwardt et al,
2014 [30]

7“lumbago,” “backache,” “back ache,” “back pain,” “low back
ache,” “low back pain,” “lower back pains”

A systematic review to study the influence of em-
ployment social support in nonspecific back pain

Campbell et al,
2013 [29]

Figure 1. The overall data analysis workflow. The analysis consists of four steps: (1) data preprocessing, (2) thematic analysis using topic modelling,
(3) topic labeling and categorization, and (4) domain expert validation. BTM: biterm topic model; DMM: Dirichlet multinomial mixture; GPU-DMM:
General Pólya Urn Dirichlet Multinomial Mixture; LDA: latent Dirichlet allocation; NMF: nonnegative matrix factorization.
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Step 1: Data Preprocessing
We removed duplicates, retweets, URLs, and tweets related to
marketing and advertisements, which reduced the data set from
7,892,210 to 2,825,645. We filtered the data further by removing
tweets that did not contain first person pronouns [15]. As a
result, the remaining data set size was 2,010,295.

We replaced contractions with their expanded forms (eg,
“didn’t” to “did not”). We converted the HTML characters to
ASCII characters and removed hashtags, Unicode strings (eg,
“\u2026”), numbers, and punctuation. We replaced
abbreviations, elongated words (eg, “gooood” to “good”), and
emoticons and emojis with their equivalent English expressions.
We then performed spelling correction, lowercasing,
tokenization, and lemmatization, created n-grams, removed stop
words (eg, common terms such as “the” and “is”). We again
removed the duplicates and the remaining data set was 1,249,576
tweets.

After completing the abovementioned steps, we excluded tweets
with less than three words because in topic modeling, the
document size is important to achieve high accuracy [31]. This
reduced the data set to 896,867 tweets.

Step 2: Topic Modeling
Topic modeling is a technique used to provide a summary of a
large collection of documents by extracting “topics” that
represent the dominant themes [32]. It allows the uncovering
of common, hidden themes from a corpus of text documents
such as tweets. We tested 5 well-established topic modeling
algorithms for detecting topics in a text-based corpus, namely
latent Dirichlet allocation (LDA) [33], Dirichlet multinomial
mixture (DMM) [34], GPU-DMM [35], biterm topic model
(BTM) [36], and nonnegative matrix factorization (NMF) [37].

LDA is a generative probabilistic model that assumes each
document can be represented by distribution over topics and
each topic by distribution over words [33,38]. DMM is also a
generative model but it assumes that each document is associated
with one single topic [34,39]. GPU-DMM is an extended method
of DMM that considers semantic similarity between words to
provide semantic understanding of text documents and improve
topic inference [35,40]. BTM uncovers topics by modeling the
word co-occurrence patterns (ie, biterms) rather than using the
document-level word co-occurrences [36,41]. NMF is able to
learn the latent features in data using a nonnegative
representation and improve latent semantic topic identification
[37,42,43].

To use these models (except for NMF), we used a Java-based
open-source library for short text topic modeling algorithms
called STTM (version 1.8) [44], whereas for NMF we used the
sklearn [45] library. For each approach, we performed a series
of experiments ranging from 5 topics to 200 topics. We applied
the 5 algorithms to the 896,867 tweets to determine the best
model and the optimal number of topics.

Choosing the right number of topics is a crucial step in topic
modeling because it can affect the accuracy of results. The
quantitative approach computes the coherence score and
perplexity, which helps in determining the optimal number of

topics [46]. The coherence score measures the sum of the
pairwise word-similarity scores of the words in the topic, using
the pointwise mutual information (PMI) score [47]. Best
collocation pairs usually have a high PMI. On the other hand,
the qualitative approach requires humans and domain experts
to examine the topics. Human judgment is extremely important
because topic modeling uses a form of unsupervised learning.

As a quantitative approach, we calculated the coherence score
of each model on different numbers of topics ranging from 5
to 200, based on the PMI score [47,48]. The coherence score
was used to evaluate the quality of the topic-word distribution.
LDA outperformed other approaches (ie, DMM, GPU-DMM,
BTM, and NMF).

Additionally, we used a qualitative approach to select the most
representative topics. We manually examined the topics, their
top 20 terms, and a random sample of tweets in each topic. We
also created a word cloud for each topic and evaluated word
clouds and their sample tweets. We identified the number of
topics that provided us with distinct and meaningful topics; if
we exceeded this number of topics, we started to notice an
increase in duplicates and overlapping topics. We used both
quantitative and qualitative approaches to select the optimal
number of topics.

Step 3: Topic Labeling and Categorization
Topic labeling is a process of representing the meaning of a
topic by assigning each topic a descriptive word or phrase [49].
Although automatic labeling approaches can reduce costs and
time required, they are not able to achieve high semantic validity
and accuracy [50,51]. In our study, we used the “eyeballing”
method, which refers to reading and inspecting the top words
in a topic and manually assigning a label [50]. We made sure
that the results met the requirements of a “good” label: (1)
semantically relevant, (2) meaningful, (3) representative, (4)
adequate, and (5) understandable [34,49].

LDA assumes that each document (tweet) is a mix of topics
with different proportions [33]. We were interested to examine
tweets based on their dominant topic to gain a better
understanding of the frequency of topics across all tweets.
Therefore, we performed further analysis, and used the label of
the dominant topic to represent each tweet, and then calculated
the total number of tweets per topic.

To improve the results of thematic analysis, low-order topics
can be grouped under broad, higher-order categories [52].
Higher-level categories can provide a better overview of the
key topics discussed by individuals. To this end, after manual
topic labeling, we performed topic categorization and assigned
a category label to the topics that represented common themes.
To identify the important and widely discussed categories, we
then calculated the percentage of all tweets that corresponded
to each individual category.

Step 4: Domain Expert Validation
Two domain experts (FC, a rheumatologist; DU, a
physiotherapist), actively working clinically and researchers in
the area of LBP, independently examined the selected topics
from the previous step where each topic included the top 20
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words to determine face validity. As previously described, in
topic modeling, the top words of each topic provide the
description of that topic, thereby assisting the domain experts
with inferring its meaning [49]. The experts then met to
reconcile any differences and develop the final labels.

Results

Overview
The total number of collected tweets about LBP was 7,892,210
from 2,420,258 unique users from 2014 to 2018. The average
number of words in each tweet increased from 2017 onward
(Multimedia Appendix 1), in line with Twitter doubling the
character limit of tweets from 140 to 280 characters as of
November 2017 [53].

Step 1: Data Preprocessing
After performing comprehensive data preprocessing, the final
number of retained tweets was 896,867, which represents 11%
(896,867/7,892,210) of the original raw data we collected, with
a vocabulary size of 29,539. The minimum length of tweets was
4 words and the maximum length was 20 words.

Step 2: Topic Modeling
After testing 5 topic modeling algorithms and the number of
topics based on the coherence score and our manual
examination, we selected the best model that included 60 topics,
detected from 896,867 self-reported tweets about LBP.
Multimedia Appendix 2 shows the coherence score of different
models with a different number of topics ranging from 5 to 200.
The best model was the LDA model with 60 topics, which had

a coherence score of 0.562. Multimedia Appendix 3 shows the
best model selected with 60 topics and their top 20 terms.

Step 3: Topic Labeling and Categorization
The 60 topics were examined and manually given a topic label.
The common and duplicate labels were then grouped into
higher-order categories. Word clouds for the two categories of
“pain regions” and “sleep” after combining the related topics
are provided in Multimedia Appendix 4. The prevalence of the
60 manually labeled topics is presented in Multimedia Appendix
5.

Step 4: Domain Expert Validation
Independent examination of selected topics by two domain
experts and reconciliation of any differences resulted in 19
contextual categories, with details presented in Multimedia
Appendix 6. The total number of tweets within each of 19
contextual categories is presented in Figure 2, with more details
in Multimedia Appendix 7. The “emotion and beliefs” category
had the largest proportion of the total tweets, followed by
“physical activity” and “daily life.” The lowest proportion of
tweets belonged to the categories of “food and drink,”
“weather,” and “not being understood.”

The proportion of tweets for each higher-level category over
the years showed that all 19 categories had been discussed by
individuals with relatively similar frequency every year (see
Figure 3). However, the proportion of “emotion and beliefs”
decreased from 2014 to 2018. The number of tweets about other
categories, such as “aggravating factors” and “symptoms,”
increased over that time period. An example of a tweet for each
category is presented in Table 2 to illustrate the type of personal
point of view related to each category.
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Figure 2. The 19 categories and their proportions based on all tweets posted from 2014 to 2018.
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Figure 3. The proportions of 19 categories based on the dominant topic per year.
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Table 2. An example of tweets for each contextual category.

Examples of tweetsCategories

Emotion and beliefs • My back hurts, feeling sad because I wanna get up and do something ! I hate staying in bed :(

Physical activity • I did 6 miles on my exercise bike yesterday, felt really pleased with myself, and ate healthy. My back hurts today

Daily life symptoms • So my back hurts like hell and I can hardly sit here and do my hair.
• I hate it when my lower back hurts and sends shooting pains down my legs, making them ache and throb. Ugh.

Sleep • Every time I sleep in my sis guest bedroom my back hurts, that bed is not comfortable. I”d prolly be better off
sleeping on the floor

Pain regions • today is not a good day. my back hurts, my shoulder hurts, my elbow is tingly, a little numb down to my hand and
to top it off now my left knee hurts a little.

Health care • So I have found one good physio and one good chiropracter, both same price, who would you see if you had lower
back pain?

Women • Being pregnant is literally taking everything out of me. I’m exhausted, my back is killing me and I stay moody…

Aggravating factors • Yesterday I tried doing a back flip on my trampoline. Now, every time I walk my back hurts. When I did the back
flip I landed on my head.

Employment • Hurt my back at work yesterday and I’m working a full 12 hours tomorrow without getting paid. Lovin life right
now.

Entertainment • Watching Cirque Du Soleil: Michael Jackson my back hurts just from watching it

Religion • Testimony Time! i want to give God the glory for healing me from a severe back pain

Co-occurring conditions • I don’t know if my back pain is causing depression or my depression is causing back pain…

Pharmacological therapies • I just took my very first Oxycodone for lower back pain. I think I’m in love. It didn’t just kill the pain. It assassi-
nated it.

Self-treatments • Coconut oil epsom salt & vapor bath oil just soothed my back pain away

Social support • Told mom my back hurts she offered to rub my feet an back I have the best mom ever

Food and drink • my back is killing me cant get out ov bed but need coffee

Weather • I love cold weather but it’s really not helping with my back pain. Where is that warm summer weather attttttt.

Not being understood • OMG no one understands the pain I'm in right now. My back is killing me.

Discussion

Principal Results
In this study, we identified 60 specific topics from 896,867
tweets about LBP and grouped them into 19 categories that
relate to contextual variables of LBP. The top category was
“emotion and beliefs,” with 157,563/896,867 tweets (17.6%),
followed by “physical activity” (124,251/896,867, 13.85%) and
“daily life” (80,730/896,867, 9%), while “food and drink,”
“weather,” and “not being understood” had the lowest
proportions of tweets (11,551/896,867, 1.29%; 10,109/896,867,
1.13%; and 9180/896,867, 1.02%, respectively). There were 11
topics within the category of “emotion and beliefs”; of 157,563
tweets in this category, 113,562 (72%) expressed negative
sentiment. Our results were consistent with the general findings
from traditional study methods in the area of LBP but provided

more in-depth detail on the context of LBP from the individual
perspective.

Comparison With Prior Work
Our study examined contextual variables to provide a novel
insight into first-person perspectives of the LBP experience and
confirmed the broad areas that have previously been identified
using more traditional data collection methods from qualitative
and quantitative studies. For example, psychosocial factors have
an important role in LBP [54] and, from our analysis of tweets,
“emotion and beliefs” was the most common topic we identified,
with 157,563 of 896,867 tweets. This is consistent with LBP
being widely recognized as a biopsychosocial condition, and
growing evidence to show that psychological factors, such as
beliefs and emotions, play an important role [55]. For instance,
systematic reviews have highlighted that beliefs about back
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pain and negative consequences resulting from these beliefs are
common across different countries and populations [56], and
affect both treatment efficacy and prognosis [57]. Moreover,
mass media campaigns that target negative beliefs have been
implemented in an effort to influence how people manage their
back pain on a population level [58]. Our study has also
provided novel findings with respect to emotions. Although we
found a range of emotions, from positive emotions (such as
happy, love, or fun) to negative emotions (including hell, bad,
or disgusting), the majority were found to be of negative affect.
Although several studies have examined the role of specific
emotions, such as anger [59,60], in LBP research, our
understanding of the array of emotions experienced by
individuals with back pain, specifically negative emotions, is
limited.

Our study also highlighted areas related to the pain experience
in individuals that have not been adequately explored in the
literature but that play an important role in the effectiveness of
LBP interventions and self-management behaviors, such as the
“not being understood,” “religion,” and “food and drink”
categories. We found that although the category of “not being
understood” had the smallest proportion of tweets with a total
of 9180 tweets, it had the top five words: “make,” “people,”
”stop,” “thing,” and “complain.” This is consistent with a
previous systematic scoping review that examined what patients
want from their medical care, which reported that patients felt
misunderstood and wanted legitimation of their LBP [11].
Patients with LBP report negative social stereotyping from
health care professionals, family and friends, and the community
[61] and that they are dissatisfied with the inadequate advice
they receive from medical practitioners and have identified an
unmet need for care providers that show more understanding
and empathy [11].

The category of “food and drink” is novel and interesting. The
tweets included words relating to the type of food (eg, pizza,
chocolate, cookies and cream), mealtimes (such as breakfast
and lunch), and the process of bringing or making food.
Although they reflect important daily habits of eating and
drinking, they may also highlight issues around pain affecting
an individual’s capacity to eat and drink and/or problems
associated with weight and in particular obesity [62], which is
a major public health issue [63].

There are well-described sex differences in the prevalence of
back pain [64]. Analysis of tweets identified 3 topics under the
“women” category including “motherhood,” “large breasts
problem,” and “female health complaints.” LBP has been
reported in more than two-thirds of pregnant women [65].
Improving psychological well-being, physical fitness, and
general well-being may reduce LBP in women [65-67]. The
topics identified in tweets may provide more direction in relation
to the personal topics that warrant further examination (eg, the
potential effect of “large breasts problem” and whether this is
a cause of LBP or a potential confounding variable). Identifying
possible mechanisms for the association with topics such as
“motherhood” or “female health complaints” could also help
with understanding whether these associations are due to

psychosocial factors or biomechanical factors such as the lifting
and carrying of children. Understanding the context of LBP
could offer valuable insights into how people with LBP view
and experience their condition; this could lead to the
identification of new areas of research in exploring the causes
of LBP, as well as the opportunity to identify areas of potential
misinformation that need to be addressed.

Limitations
There are some limitations to our study. Although the keywords
were taken from existing studies about LBP and approved by
domain experts, some keywords, such as “back hurt” and “back
pain,” were very broad. Therefore, the data collected might not
have been specific to LBP. Selection of the right keywords in
Twitter data analysis is very important to avoid unrelated data
that could reduce the accuracy of results. Filtering and cleaning
of Twitter data is also crucial for achieving high accuracy of
results. In our study, we performed vigorous data cleaning, but
our manual examination showed that there was a group of tweets
that contained a few lines from the lyrics of a famous hip-hop
song (Bad and Boujee) by Migos. These lines included “…So
my money makin' my back ache.” One of our search keywords
was “back ache.” Although there are many tools and methods
available to automatically perform data cleaning, it is always
necessary to manually inspect the results.

Twitter users tend to be younger and might not represent the
general population; therefore, the results must be carefully
interpreted [68]. Similar to other social media studies in health
care, we cannot verify that individuals who tweeted about LBP
were actually real patients [15]. However, the filtering based
on first-person pronouns (eg, I, my, or mine) that we performed
is likely to have reduced this.

To determine the optimal number of topics, we used the
coherence score, a widely used method, and then manually
examined and compared the models. This process can be further
improved by using other measures such as heuristic approaches
[69] or perplexity measures [70].

We also recognize that manual labeling of topics can be
subjective. Two domain experts with extensive knowledge were
involved in the labeling and examination of selected topics but
future work in this area could involve a greater number of and
more diverse domain experts to further reduce this subjectivity.

Conclusions
Our findings provided useful insights into individuals’ beliefs
and perspectives regarding their needs and concerns related to
LBP that complement the information available in the literature.
Considering the contextual factors identified in this study rather
than simply focusing on a biomedical model of LBP could
address the needs of patients more holistically, help with
improving LBP outcomes, and increase patient satisfaction.
These findings have the potential to assist health care providers
and clinicians with developing more effective, personalized
therapies for LBP. There is also the potential to use social media
to identify any major changes in community beliefs and needs
regarding LBP that can be addressed in a timelier manner.
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PMI: pointwise mutual information
STTM: short text topic modeling algorithm
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Abstract

Background: Given the permeation of social media throughout society, rumors spread faster than ever before, which significantly
complicates government responses to public health emergencies such as the COVID-19 pandemic.

Objective: We aimed to examine the characteristics and propagation of rumors during the early months of the COVID-19
pandemic in China and evaluated the effectiveness of health authorities’ release of correction announcements.

Methods: We retrieved rumors widely circulating on social media in China during the early stages of the COVID-19 pandemic
and assessed the effectiveness of official government clarifications and popular science articles refuting those rumors.

Results: We show that the number of rumors related to the COVID-19 pandemic fluctuated widely in China between December
1, 2019 and April 15, 2020. Rumors mainly occurred in 3 provinces: Hubei, Zhejiang, and Guangxi. Personal social media
accounts constituted the major source of media reports of the 4 most widely distributed rumors (the novel coronavirus can be
prevented with “Shuanghuanglian”: 7648/10,664, 71.7%; the novel coronavirus is the SARS coronavirus: 14,696/15,902, 92.4%;
medical supplies intended for assisting Hubei were detained by the local government: 3911/3943, 99.2%; asymptomatically
infected persons were regarded as diagnosed COVID-19 patients with symptoms in official counts: 322/323, 99.7%). The number
of rumors circulating was positively associated with the severity of the COVID-19 epidemic (ρ=0.88, 95% CI 0.81-0.93). The
release of correction articles was associated with a substantial decrease in the proportion of rumor reports compared to accurate
reports. The proportions of negative sentiments appearing among comments by citizens in response to media articles disseminating

rumors and disseminating correct information differ insignificantly (both correct reports: χ1
2=0.315, P=.58; both rumors: χ1

2=0.025,

P=.88; first rumor and last correct report: χ1
2=1.287, P=.26; first correct report and last rumor: χ1

2=0.033, P=.86).

Conclusions: Our results highlight the importance and urgency of monitoring and correcting false or misleading reports on
websites and personal social media accounts. The circulation of rumors can influence public health, and government bodies should
establish guidelines to monitor and mitigate the negative impact of such rumors.

(J Med Internet Res 2021;23(12):e27339)   doi:10.2196/27339
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Introduction

Accurate, timely, and publicly accessible information is critical
to effectively control serious public health emergencies such as
the COVID-19 pandemic [1]. Unfortunately, necessary
information is sometimes unavailable to the public, and some
news reports are misleading or inaccurate. The absence of proper
information offers fertile ground for the emergence and
propagation of rumors (also called fake news). If rumors appear
convincing and are not effectively refuted, they can create
serious consequences such as poor health-related decisions and
distrust of public health agencies by the public.

Over the past few decades, rumor-debunking strategies such as
fact checking, corrections, and retractions (eg, deleting social
media posts) have been implemented as postevent responses to
counteract the impact of rumors [2-4]. The effectiveness of these
strategies has not been assessed systematically; previous
research focuses on strategies to mitigate public belief of the
rumors [5-7] but not on the role of strategies in reducing the
proportion of rumor reports and alleviating negative sentiments
among the public. Partly due to lack of solid research evidence,
the World Health Organization (WHO) concluded that
health-related rumors were poorly managed in nearly all major
public health emergency events during the 21st century [1].

During the COVID-19 pandemic, rumors have emerged and
propagated in nearly every country [8]. The rapid development
and widespread use of the internet, social media, and mobile
phone technology facilitate the emergence and propagation of
rumors, making prevention and control of rumors more
challenging than they were even a decade ago. In fact,
widespread fake news rumors, such as “COVID-19 is just a
version of seasonal influenza” and “Hydroxychloroquine is an
effective drug to treat COVID-19,” significantly compromised
COVID-19 prevention and control efforts and influenced social
stability in highly populated countries such as the United States
and Brazil [9].

China began facing large waves of pandemic-related rumors
early in 2020. Between February and May 2020, the Chinese
government actively released multiple clarification and
correction announcements to reduce the influence of those
rumors [10]. No empirical research has examined the
characteristics of the COVID-19–related rumors or the
effectiveness of the counteractive measures taken by Chinese
health authorities. Knowledge of these characteristics would be
helpful, both for countries across the globe that continue to face
COVID-19–related rumors and public health challenges as well
as to handle rumor patterns that emerge from future public health
emergencies.

This study was designed to examine the characteristics and
propagation of rumors during the early months of the COVID-19
pandemic in China and to evaluate the effectiveness of health
authorities’ correction announcements. We considered the
following research questions: What were the contents of rumors
about COVID-19 in the early months of the pandemic in China,

and what was the source of those rumors? Was the release of
correction announcements by health authorities effective in
mitigating the impact of major rumors?

Methods

Classification of the COVID-19 Rumors
Rumors were defined as reports that disseminate false
information—information that is inconsistent with existing
scientific evidence. In this study, all COVID-19 rumors were
confirmed to be incorrect based on current scientific evidence
by health authorities. In 3 rounds of discussions, we categorized
the rumors that we identified into 8 groups: (1) prevention, (2)
diagnosis/treatment/assistance, (3) origin and spread of
COVID-19, (4) consequences of COVID-19, (5) disease
statistics, (6) return to work or back to school, (7) imported
cases, and (8) all others. We arranged a trained researcher to
categorize each rumor into 1 of the 8 categories. One-third of
the rumors were randomly extracted for a second evaluation by
3 other independent researchers. Consistency between both sets
of evaluations was excellent (κ=0.96, P<.001).

Data Sources
Data sources were derived through 4 steps. First, based on
preliminary search results, we identified 20 prominent and
publicly accessible web-based platforms available in China to
search for COVID-19–related rumors. These platforms included
9 websites, 5 official Sina Microblog accounts, and 6 WeChat
public accounts (Table S1 in Multimedia Appendix 1).

Second, we retrieved all media reports regarding 4 major rumors
and classified the media reports into 3 categories: those
disseminating rumors, those providing correct information, and
those with ambiguous information. We conducted this
classification using the ZhongQing HuaYun web-based public
service platform (CYYUN), a free public database platform
licensed by the Central Committee of the Communist Youth
League. CYYUN automatically retrieves media reports from
WeChat accounts officially certified by governmental or
business entities, Microblog accounts, public forums, news
websites, print media, blog accounts, videos, news apps, major
overseas media sources, and other mainstream national news
sources. CYYUN data are updated approximately every 5
minutes.

Third, Sina Microblog Topic was used to gather readers’
comments in response to media reports of the rumor event with
the most public comments. Sina Microblog Topic is a webpage
that summarizes personal microblogs with a tag (“#topics-related
keywords#”), allowing readers to post personal comments below
the microblogs. Comment data from Sina Microblog Topic are
freely accessible in China.

Last, the number of daily confirmed COVID-19 cases at the
national and provincial levels were derived from the official
website of the National Health Commission of China.
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Data Collection

COVID-19 Rumor Reports
Given the pattern of the COVID-19 epidemic period in China,
we limited the study time period from December 1, 2019 to
April 15, 2020. We used Python (version 3.7) to develop a web
crawler algorithm to automatically retrieve all media reports
related to COVID-19 rumors from the 20 selected web-based
platforms. Duplicate and irrelevant reports were removed by
manually reviewing article titles and full-text articles.

Stages of the Early COVID-19 Epidemic in China
As defined by a previous study [11], the early phase of the
COVID-19 pandemic in China was divided into 6 stages: (1)
an early stage without any significant interventions (December
30, 2019-January 9, 2020); (2) massive population migration
before the Spring Festival but no strong interventions were
implemented (January 10, 2020-January 22, 2020); (3) city
lockdowns, traffic suspension, and home quarantine (January
23, 2020-February 1, 2020); (4) centralized quarantine and
treatment in designated hospitals or facilities, with improved
medical resources (February 2, 2020-February 16, 2020); (5)
centralized quarantine and whole-community symptom survey
administered concerning COVID-19 symptoms, such as fever
and respiratory symptoms (February 17, 2020-March 10, 2020);
and (6) a focus on preventing imported cases (March 11,
2020-April 15, 2020).

Media Reports Related to Major COVID-19 Rumors
The number of relevant media reports obtained from CYYUN
was used to estimate the social influence of rumors. We selected
1 rumor that was most socially influential from each of the 6
epidemic stages based on the number of relevant media reports.
We retained 4 rumors for analysis; we excluded 2 rumors that
attributed false quotes to Professor Nanshan Zhong, a famous
Chinese scientist. The rationale of this exclusion is that the high
social status of Professor Zhong rather than (or along with) the
contents of these quotes might have fueled the spread of the 2
rumors, potentially leading to bias in our analysis of the impact
of the contents of rumors.

We used CYYUN to collect all media reports related to the
propagation of the 4 retained rumors: Case A, the novel
coronavirus can be prevented with “Shuanghuanglian,” a
traditional Chinese medicine; Case B, the novel coronavirus is
the SARS coronavirus; Case C, medical supplies intended for
assisting Hubei were detained by the local government; and
Case D, asymptomatically infected persons were regarded as
diagnosed COVID-19 patients with symptoms in official counts.
(Note that Case D is a rumor because the WHO and all major
countries do not count asymptomatically infected persons as
diagnosed COVID-19 cases in their official data counts [12]).

All media reports related to the 4 major rumors were gathered
and processed. Based on official statements from the government
regarding each rumor, trained researchers manually divided
each media report into 3 categories: (1) the report disseminated
or perpetuated the rumor, (2) the report disseminated correct
information to refute the rumor, or (3) the report disseminated
ambiguous information that did not clearly support or refute

the rumor. To assure the consistency of the classifications, we
randomly selected 500 media reports for each of the 4 major
rumors and asked an independent researcher to categorize them
into the 3 categories. Consistency between both sets of
researchers was acceptable (Case A: κ=0.87, P<.001; Case B:
κ=0.87, P<.001; Case C: κ=0.90, P<.001; Case D: κ=0.87,
P<.001).

Microblog Readers’ Comments
We used a Python crawler algorithm to retrieve reader comments
concerning Microblog articles for the most discussed rumor
(Case A) on Sina Microblog Topic, “The novel coronavirus can
be prevented with “Shuanghuanglian.” We selected Case A for
this analysis because it was sustained for a longer time period
than the other rumors. It also stimulated more media reports
and readers’ comments compared to the other 3 cases. Using
the sentiment orientation analysis application programming
interface from Baidu [13], we grouped reader comments into
positive (expressing agreement, support, or optimistic attitudes,
eg, “the situation will surely become better”); neutral (showing
neither clear support and optimism, nor disagreement and
pessimism, eg, “thanks for interacting with us”); or negative
(expressing disagreement or worried, pessimistic, and ironic
attitudes, eg, “I feel like swearing”) categories.

Data Analysis
We implemented 2 strategies to assess the effectiveness of
authorities’ refutation of rumors.

We compared the distribution of the 2 types of media reports
(those perpetuating the rumor and those correcting the rumor)
before and after the rumor was formally refuted in the media.
Because there is no standard criterion to determine the launch
time of a formal rumor-refuting effort, we studied the temporal
distributions of the number of correct reports and the number
of rumor reports per hour for all 4 cases (Figure S1 in
Multimedia Appendix 1). Based on these empirical distributions,
we found that the number correct reports per hour generally
increased substantially in subsequent hours once it reached over
50 reports. Thus, we considered the refutation as formally
launched from the first hour in which more than 50 reports
refuting the rumor were posted. We considered 3 phases for our
analysis: prerefutation, refuting the rumor, and postrefutation.

We examined differences in the distribution of positive, neutral,
or negative emotions in comments responding to reports
disseminating the rumor and in reports correcting the rumor.
We focused this analysis on case A, the rumor that received the
most reader comments and was sustained the longest, thus
having the largest social impact among all COVID-19 rumors
during the early stages of the pandemic in China. To conduct
the analysis, we examined both the frequency of reader
comments and the time intervals between the first and last
comments from the same readers when more than 2 comments
were posted.

Based on publicly accessible Microblog users’ unique identity
accounts, we compared the distribution of comments in response
to case A from readers who posted 2 comments or more. For
each user, the first and last comments during the study period
were considered, and the pairs were divided into 4 groups:
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Group A, both comments occurred in response to reports
disseminating correct information; Group B, both comments
occurred in response to reports disseminating rumors; Group
C, the first comment occurred in response to a report
disseminating a rumor, and the last in response to correct
information; and Group D, the first comment occurred in
response to a report disseminating correct information and the
last in response to a rumor. This grouping allowed us to examine
the potential effect of the order of reading media reports (first
reading reports disseminating rumors and then reading correct
reports or vice versa).

All statistical analyses were performed using the R software
package (version 4.0.0). Proportions and Spearman rank
correlation coefficient with 95% confidence intervals were
calculated. The chi-square test was used to test the difference
in the proportion of rumor reports and correct reports between
prerefutation and postrefutation. All tests were 2 tailed, and
P<.05 was considered statistically significant.

Ethics Concerns
This study was approved by the ethics committee of Xiangya
School of Public Health (XYGW-2020-43). This study used
open-access social media data and excluded all personal
information. The ethics committee determined that this study
was exempt from requiring informed consent.

Results

Characteristic of Rumors
After screening 19,683 recorded rumors on 20 websites and
social media accounts, we obtained 1829 unique
COVID-19–related rumors in China that appeared from
December 1, 2019 to April 15, 2020 (Figure S2 in Multimedia
Appendix 1).

The frequency of rumors began with a quiescent period (<6
rumors per day before January 20, 2020), but then rose rapidly
to reach an initial peak on January 25, 2020 (n=75). After a
second peak on February 7, 2020 (n=82), the frequency started
to decrease gradually (Figure 1a). “Pneumonia,” “WeChat,”
and “spread” were the most commonly occurring words, with
high-frequency words varying across the 6 stages of the
COVID-19 epidemic (Table S2 and Figure S3 in Multimedia
Appendix 1).

Figure 1b shows the large variation in the number of rumors
across different provinces during the study period. Of the 1829
rumors, 399 (21.8%) rumors involved more than 1 province,
but the majority (1430 rumors) involved a single province. The
largest number occurred in Hubei (n=186), followed by Zhejiang
(n=137) and Guangxi (n=121). Ningxia, Tibet, Xinjiang,
Qinghai, Hainan, and Taiwan each had fewer than 10 rumors.

The content of the rumors evolved greatly across the 6 stages
of the COVID-19 epidemic in China (Figure 1c). Rumors related
to prevention and disease statistics were most common,
accounting for 72.2% (39/54), 73.3% (335/457), and 64.8%
(414/639) of all rumors in stages 2, 3, and 4, respectively. The
percentage of rumors involving the categories

diagnosis/treatment/assistance (χ1
2=6.352, P=.01), return to

work or back to school (χ1
2=148.094, P<.001), and imported

cases (χ1
2=126.04, P<.001) significantly increased during stages

5 and 6.

We considered in greater detail the 4 most widespread rumor
cases (case A, the novel coronavirus can be prevented with
“Shuanghuanglian”; case B, the novel coronavirus is the SARS
coronavirus; case C, medical supplies intended for assisting
Hubei were detained by the local government; and case D,
asymptomatically infected persons were regarded as diagnosed
COVID-19 patients with symptoms in official counts). Most
reports were from personal social media accounts for case A
(33,870/53,798, 63.0%), case B (21,234/24,436, 86.9%), and
case C (6411/7101, 90.3%). For case D, most reports were from
websites and social media accounts of news agencies
(1850/3436, 53.8%) (Figure 2). Personal social media accounts
were the major source of rumor reports (case A: 7648/10,664,
71.7%; case B: 14,696/15,902, 92.4%; case C: 3911/3943,
99.2%; case D: 322/323, 99.7%) and ambiguous reports (case
A: 3116/4968, 62.7%; case B: 2582/2592, 99.6%; case C:
382/383, 99.7%; case D: 156/156, 100.0%).

In addition, there was a strong correlation between the frequency
of rumors and the daily number of newly confirmed COVID-19
cases at the national level from December 30, 2019 to April 15,
2020 (ρ=0.88, 95% CI 0.81-0.93, P<.001). A spatial correlation
between the frequency of rumors and the cumulative number
of confirmed cases up to April 15, 2020 also emerged at the
provincial level (ρ=0.83, 95% CI 0.61-0.94, P<.001) (Figure
S4 in Multimedia Appendix 1).
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Figure 1. Number of rumors related to the COVID-19 epidemic in China from December 30, 2019 to April 15, 2020 (a. time trend; b. provincial
variations; c. contents by stage).
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Figure 2. Source of media reports for 4 major rumors related to the COVID-19 epidemic in China.

Effectiveness of Releasing Correct Information
Totals of 53,798 media reports (case A), 24,436 media reports
(case B), 7101 media reports (case C), and 3436 media reports
(case D) were obtained after eliminating duplicates (n=3788)
and irrelevant reports (n=4036) (Figure S2b in Multimedia
Appendix 1).

The proportion of rumor reports significantly decreased after
the rumors were refuted by health authorities for case A (before:
534/666, 80.2%; after: 5685/45,657, 12.5%), case C (before:
1978/2101, 94.1%; after: 908/3796, 23.9%), and case D (before:
120/860, 14.0%; after: 192/2431, 7.9%) (P<.001) (Table 1);
however, the proportion of rumor reports increased from 10.8%
(50/463) to 60.5% (12,004/19,846) for case B after the official
clarification with correction information was released (P<.001).

For case A (the novel coronavirus can be prevented with
“Shuanghuanglian”), we identified a total of 60,744 comments
posted by 54,290 microblog readers in response to 42 articles

disseminating rumors and 78 articles refuting rumors and
providing accurate information. Most readers posted once
(49,535/54,290, 91.2%) or twice (3789/54,290, 7.0%) (Figure
3a), and most readers’ comments expressed emotions with a
negative connotation (eg, anger, anxiety, fear) in response to
both types of microblog articles. However, the proportion of
comments with negative emotions for articles disseminating
correct information was significantly higher than the proportion
for articles disseminating rumors (correct: 42,485/52,811,

80.5%; rumor: 5271/7933, 66.4%, χ1
2=804.55, P<.001) (Figure

3b). Among readers who posted multiple comments, 60.5%
(2875/4755) posted their first and last comments within half an
hour (Figure 3c), and the proportion of negative comments
posted by those readers did not change significantly when
comparing their first versus last posts, no matter what type of

article they read (both correct: χ1
2=0.315, P=.58; both rumors:

χ1
2=0.025, P=.88; first rumor and last correct: χ1

2=1.287, P=.26;

first correct and last rumor: χ1
2=0.033, P=.86) (Figure 3d).

J Med Internet Res 2021 | vol. 23 | iss. 12 | e27339 | p.714https://www.jmir.org/2021/12/e27339
(page number not for citation purposes)

Ning et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Media reports related to 4 most influential rumor cases before and after refuting the rumor.

P valueCorrect report, n (%)Rumor report, n (%)Case and time period

<.001Case A: The novel coronavirus can be prevented with “Shuanghuanglian”

81 (12.2)534 (80.2)Prerefutation

2079 (27.8)4445 (59.5)Refuting the rumor (January 31, 11 PM to midnight)

36006 (78.9)5685 (12.5)Postrefutation

<.001Case B: The novel coronavirus is the SARS coronavirus

412 (89.0)50 (10.8)Prerefutation

86 (2.1)3848 (93.2)Refuting the rumor (February 9, 9 PM to 10 PM)

5444 (27.4)12004 (60.5)Postrefutation

<.001Case C: Medical supplies intended for assisting Hubei were detained by the local gov-
ernment

3 (0.1)1978 (94.1)Prerefutation

51 (4.2)1057 (87.8)Ongoing (February 10, 11 PM to midnight)

2721 (71.7)908 (23.9)Postrefutation

<.001Case D: Asymptomatically infected persons were regarded as diagnosed COVID-19
patients with symptoms in official counts

660 (76.7)120 (14.0)Prerefutation

126 (86.9)11 (7.6)Refuting the rumor (March 22, 7 AM to 8 AM)

2171 (89.3)192 (7.9)Postrefutation

Figure 3. Readers’ comments in response to microblog articles for the case A rumor, “the novel coronavirus can be prevented with ‘Shuanghuanglian’”:
(a) frequency of comments, (b) comment distribution by type of article, (c) time interval between the first and last comment for the same readers, and
(d) proportion of negative comments in the first and last comments by type of article.
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Discussion

Principal Findings
This study yielded 3 key findings. First, the contents and the
number of rumors were strongly associated with the
development of the COVID-19 epidemic in China, both
temporally and geographically, and reports from personal social
media accounts accounted for 71.7% (7648/10,664), 92.4%
(14,696/15,902), 99.2% (3911/3943), and 99.7% (322/323) for
cases A, B, C, and D, respectively, of all rumor reports. Second,
releasing news to correct rumors decreased the dissemination
of media articles for 3 of the 4 selected rumors (cases A, C, and
D) but did not reduce news disseminations for case B. Third,
the likelihood that readers posted negative comments in response
to rumor reports and to reports disseminating correct information

differed insignificantly (both correct reports: χ1
2=0.315, P=.58;

both rumors: χ1
2=0.025, P=.88; first rumor and last correct

report: χ1
2=1.287, P=.26; first correct report and last rumor:

χ1
2=0.033, P=.86).

Interpretation of Findings
The findings of previous studies, regarding fluctuations in the
number of rumors reported on a daily basis, the geographic
variations for those reports across China [14], and major topics
of the COVID-19 rumors [14,15], were generally concordant
with our findings. The strong and positive correlation between
reported rumors and the development of the COVID-19
epidemic likely reflects extreme tension, fear, and anxiety about
the novel contagious disease among the population, especially
residents of the regions most affected by the epidemic [16],
such as Hubei, Zhejiang, and Guangxi. The likely reason for
this was that the rapidly growing epidemic provoked emotional
responses among inhabitants, leading them to scramble for any
information they could find to alleviate their anxieties and fears.
When the residents in those regions were unable to obtain timely
official answers about major public concerns related to the
COVID-19 epidemic, rumors emerged and were disseminated
quickly [17]. For example, during the early stages of the
COVID-19 epidemic in China, the question of how to dispose
of used face masks emerged as a major public health concern.
The question aroused 2031 microblog posts, but only 10 official
Sina Microblog accounts released authoritative information on
the issue before January 23, 2020 [18]. As a result, a total of 14
versions of misleading rumors emerged immediately on this
topic, and 4740 articles disseminated improper strategies to
dispose of discarded masks, such as heating them in the oven,
scrubbing them with water, or cutting them into pieces [18].

This study presents a unique finding that personal social media
accounts were the dominant source of rumor reports. This may
reflect the combined effect of flourishing personal social media
accounts [19], an inability for average citizens to detect
misinformation [20], and amplification effects through (ie, an
“echo chamber”—people are susceptible to peer influences
when engaging in a homogeneous online cluster with others
who share similar interests) [21].

Unexpectedly, we found that websites or news-based social
media accounts were the second most common source of rumor
reports. This may be a result of inadequate fact-checking of
contents by the news industry or deliberate reports designed to
attract public attention to these news media outlets [22,23]. As
an example, the most widely spread rumor (Case A, the novel
coronavirus can be prevented with “Shuanghuanglian,” a
traditional Chinese medicine used to treat the common cold)
was first released by Weibo of Xinhua, an official news platform
with nearly 100 million subscribers [24]. That release quickly
led to a Sina Microblog topic titled “The novel coronavirus can
be prevented with Shuanghuanglian,” attracting 1.55 billion
readings and 423,000 reader comments [25] and leading to panic
buying of Shuanghuanglian.

The release of news to correct rumors was successful in reducing
the spread of rumors in cases A, C, and D. This confirms that
it is possible to mitigate the spread of rumors through
authoritative releases of correct information in a timely manner
[26]. Case B did not follow the same pattern, probably due to
an unintentional slip of tongue by a government spokesperson
at the 19th press conference in Hubei province on February 9,
2020 [27]. The spokesperson unintentionally and incorrectly
confirmed the rumor, leading to a rapid increase in the number
of rumor reports concerning Case B (from 41 to 15,767; Figure
S5 in Multimedia Appendix 1) within 3 hours of the start of the
press conference.

Strikingly, most reader comments in response to articles were
negative, whether the articles reported rumors or correct
information, and the proportions of negative comments were
similar between both types of articles. These results match those
of previous reports [28,29] and may reflect the fact that official
correction news tends to disseminate correct information but
largely overlooks any attempt to provide emotional support or
empathy to affected people. Such factual presentation without
empathy leads to unproductive dialogue with the emotional
public, who release their negative sentiments in writing [29].

Implications
Our findings have 3 major implications. First, they underscore
the importance of releasing scientifically accurate information
in response to major public health concerns in a timely manner.
Such releases help prevent the spread of rumors. To be effective,
they require close cooperation between government officials,
scientists, and the media.

In emerging health crises, such as the COVID-19 pandemic,
public concerns inevitably arise that cannot always be answered
immediately with accurate scientific evidence. In the absence
of guidelines to satisfy public angst and curiosity for critical
public health information while science progresses, basic
guidance might be established by the WHO or academic experts
to direct the release of available information through multiple
channels, including government websites, news websites, and
official and personal social media accounts. Such releases might
reduce tension and anxiety among the public.

Second, the official release of correction articles tended to
reduce rumor reports in China, suggesting similar effects could
be expected in other countries. Success with this strategy would
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require a real-time web-based monitoring system to detect rumor
reports and close cooperation between government, media
companies, and public health experts to release authoritative
correction articles that refute rumors, with the caveat that such
a strategy may not work well in countries where government
and public health experts provide conflicting advice, such as in
the United States for much of the situation with COVID-19 in
2020 [30].

Last, our findings suggest rigorous public health research is
needed to generate solutions to unsolved questions, including
how to effectively detect rumor reports as early as possible,
which solutions might be best for releasing and disseminating
correction articles, and how to effectively alleviate negative
sentiments held by the public. In addition, the effectiveness of
alternative postrumor approaches such as fact-checking and
retractions (eg, deleting posts) should be evaluated.

Limitations
This study has limitations. First, our data collection approach
likely underestimated the number of COVID-19 rumors, by
missing some comments in response to Sina Microblog topics,
since some were likely quickly detected and deleted by platform
providers as part of efforts to control rumors [31]. Second, the
lack of detailed data limited our ability to explore why most
reader comments in response to media articles that disseminated
correct information were negative and how to alleviate such
negative sentiments to promote public support on fighting the
COVID-19 pandemic. Further research is needed to address this
critical public health matter. Third, we could not determine if

any rumors we studied were published artificially by robots. As
readers generally do not know who posted the reports, the role
of robots is unlikely to influence our findings substantially.
However, future studies may collect data on readers’ responses
to rumors spread by robots versus those spread by humans to
quantify potential differences in their social impact and to
develop specific interventions to deal with them separately.

Conclusion
The number of rumors about COVID-19 fluctuated greatly in
China during the early months of the pandemic. The frequency
of rumors was highly correlated with the magnitude of the
epidemic. Rumor-disseminating reports emerged primarily from
personal social media accounts, and releasing rumor-correcting
news substantially reduced the spread of rumor reports. Reader
comments in response to media articles disseminating rumors
and to articles disseminating correct information expressed
nearly the same percentage of negative emotions.

Individual governments and relevant international organizations
such as the WHO should take immediate actions to develop
regulations or guidelines to help social media companies and
users of social media prepare and release reports properly and
efficiently to prevent and control rumors, especially when
scientific knowledge is limited during a health crisis such as
the COVID-19 pandemic. In the meantime, our results suggest
refutation reports were generally successful in reducing spread
of rumors, and governments should encourage timely release
of correct information to minimize the impact of rumors.
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Abstract

Background: Examining public perception of tobacco products is critical for effective tobacco policy making and public
education outreach. While the link between traditional tobacco products and lung cancer is well established, it is not known how
the public perceives the association between electronic cigarettes (e-cigarettes) and lung cancer. In addition, it is unclear how
members of the public interact with official messages during cancer campaigns on tobacco consumption and lung cancer.

Objective: In this study, we aimed to analyze e-cigarette and smoking tweets in the context of lung cancer during National
Cancer Prevention Month in 2018 and examine how e-cigarette and traditional tobacco product discussions relate to implementation
of tobacco control policies across different states in the United States.

Methods: We mined tweets that contained the term “lung cancer” on Twitter from February to March 2018. The data set
contained 13,946 publicly available tweets that occurred during National Cancer Prevention Month (February 2018), and 10,153
tweets that occurred during March 2018. E-cigarette–related and smoking-related tweets were retrieved, using topic modeling
and geospatial analysis.

Results: Debates on harmfulness (454/915, 49.7%), personal experiences (316/915, 34.5%), and e-cigarette risks (145/915,
15.8%) were the major themes of e-cigarette tweets related to lung cancer. Policy discussions (2251/3870, 58.1%), smoking risks
(843/3870, 21.8%), and personal experiences (776/3870, 20.1%) were the major themes of smoking tweets related to lung cancer.
Geospatial analysis showed that discussion on e-cigarette risks was positively correlated with the number of state-level smoke-free
policies enacted for e-cigarettes. In particular, the number of indoor and on campus smoke-free policies was related to the number
of tweets on e-cigarette risks (smoke-free indoor, r49=0.33, P=.02; smoke-free campus, r49=0.32, P=.02). The total number of
e-cigarette policies was also positively related to the number of tweets on e-cigarette risks (r49=0.32, P=.02). In contrast, the
number of smoking policies was not significantly associated with any of the smoking themes in the lung cancer discourse (P>.13).

Conclusions: Though people recognized the importance of traditional tobacco control policies in reducing lung cancer incidences,
their views on e-cigarette risks were divided, and discussions on the importance of e-cigarette policy control were missing from
public discourse. Findings suggest the need for health organizations to continuously engage the public in discussions on the
potential health risks of e-cigarettes and raise awareness of the insidious lobbying efforts from the tobacco industry.

(J Med Internet Res 2021;23(12):e28042)   doi:10.2196/28042
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Introduction

Background
Tobacco control has been identified as a global public health
priority by the World Health Organization [1]. Tobacco use is
one of the leading causes of preventable deaths globally, and it
is responsible for 7 million deaths worldwide [2]. In the United
States, the Centers for Disease Control and Prevention (CDC)
reported that tobacco use accounted for 1 in 5 deaths, leading
to more than 480,000 deaths annually [3]. As such, for tobacco
control, understanding public perception of tobacco products
and their severe health risks, such as lung cancer, is essential
to inform educational campaigns and tobacco control policies.

Particularly, health education campaigns and control policies
should pay attention to tobacco consumption trends. In terms
of traditional tobacco use, the CDC reported that smoking
among adults had declined from 20.9% in 2005 to 13.7% in
2018, and the proportion of smokers who reported quitting had
increased [4]. But, the popularity of emerging tobacco products
such as electronic cigarettes (e-cigarettes) has been rising
steadily since 2010. E-cigarettes are electronic devices that are
used to deliver nicotine and other chemicals to users through
inhalable aerosols. The US Surgeon General declared that
e-cigarette use was an epidemic among youth in 2018, given
that 21% of high school seniors in the United States reported
using e-cigarettes in the preceding 30 days in the same year [5].
In particular, Juul captured and dominated 73% of the e-cigarette
market through its product promotion featuring youth culture
and lifestyle on different social media platforms [6].

The overwhelming popularity of e-cigarettes may be due to
conflicting messages in the public. Some argue that e-cigarettes
could help with smoking cessation as they appear to pose fewer
health risks than traditional cigarettes [7-9]. Meanwhile, others
cautioned against e-cigarette consumption as they contain
nicotine, a highly addictive drug, that can lead to the use of
other tobacco products [10-12]. Even though there is no
established connection between e-cigarette use and severe
diseases such as lung cancer, there is evidence of lung injuries
associated with its use [13-15]. Notably, the CDC declared an
outbreak of lung injuries associated with e-cigarette use in 2019
[16].

Related Work
Survey studies have investigated the perceived associations of
smoking traditional tobacco products and e-cigarettes with
health diseases such as lung cancer. Smoking is recognized as
a major risk factor for lung cancer by the public [17]. In contrast,
the public may not view e-cigarettes as a likely cause of lung
cancer [18,19] but, instead, may view e-cigarettes as a safe
alternative to combustible cigarettes [20,21]. There are very
few studies that have compared public perceptions of both
smoking and vaping in relation to severe health consequences
using social media data. Currently, a growing body of social
media studies [22,23] on e-cigarettes and smoking show that
e-cigarettes are often presented as a positive and healthier
alternative to smoking, despite controversies surrounding their
effectiveness in smoking cessation and the likelihood of
initiating adolescents to consuming other tobacco products.

Nevertheless, there is limited evidence about the extent that the
public perceives lung cancer to be a health consequence of both
smoking and vaping [24-26]. Such comparisons are critical as
they can highlight contextual, psychological, and behavioral
factors specific to the reasons for which individuals consume
different tobacco products. This knowledge is valuable as it can
inform strategic messaging and educational programs to
facilitate behavioral changes in reducing tobacco consumption
[27].

Furthermore, to the best of our knowledge, none of the existing
social media studies has investigated spatial patterns of tobacco
conversations on social media in relation to implementation of
health policies. For example, it has been found that the number
of obesity-related policies in certain geographic regions were
associated with an increase in obesity prevention discussions
on Twitter within the same area [28]. This likely suggests that
the number of health policies, or the policy environment in
general, have a reciprocal relationship with consumers’ health
awareness. Putting this in the context of tobacco control, the
number of state-level tobacco policies in the United States may
be a reflection of the risk perception of tobacco products and
e-cigarettes, and this heightened awareness of risk on a societal
level may be impetus for policy makers to enact more laws to
rein in tobacco consumption. Therefore, it is crucial to study
how tobacco policies of the various states are associated with
public perceptions and discussions of health effects of tobacco
products on social media.

Tobacco Discourse During US National Cancer
Prevention Month
While the majority of social media studies largely examine
public discourse of e-cigarette and smoking in general, this
study examined tobacco discourse in the context of US National
Cancer Prevention Month, which is an annual campaign led by
the American Institute for Cancer Research in the month of
February that aims to foster cancer knowledge and promote
cancer prevention practices [29]. Particularly, lung cancer, which
is a deadly disease that is caused by tobacco consumption [30],
is one of prominent cancer topics during the campaign. Past
research has shown that month-long cancer campaigns, such as
National Cancer Prevention Month, are the key to increasing
awareness of cancer and its associated risk factors [31]. As such,
National Cancer Prevention Month offer opportunities to
examine e-cigarette and smoking discourse related to lung
cancer.

Past research has shown that public discourse during cancer
campaigns may be different from that during other months.
Cancer campaigns raise public awareness by promoting cancer
conversations about risk factors and preventions on Twitter
[32]. Also, public discourse during cancer campaigns is often
driven by health organizations, advocacy groups, and influential
personalities such as celebrities [32,33]. The agenda of cancer
campaigns typically involves disseminating cancer education
messages, advocating prevention engagement, and sharing
affective stories of survivors [33,34]. In addition to these
messages, Twitter users could respond and selectively follow
and express their own opinions on lung cancer. As such, public
discourse during campaigns would likely reflect how the public
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interact with official messages on tobacco consumption and
lung cancer. This knowledge can be important for public health
officials in identifying gaps in health education.

Objective
First, we aimed to examine if National Cancer Prevention Month
plays a role in promoting conversations on the link of
e-cigarettes and smoking with lung cancer. Second, we aimed
to examine and compare public discourse in the United States
on smoking and e-cigarette in the context of lung cancer on
Twitter during National Cancer Prevention Month. Third, we
aimed to examine if there were spatial patterns of smoking and
e-cigarette’s themes in the United States during National Cancer
Prevention Month. Fourth, we explored the relationship between
e-cigarette and smoking discussions on Twitter during National
Cancer Prevention Month with implementation of tobacco
control policies. As such, we put forth 4 research questions: (1)
Does national cancer prevention month promote e-cigarette and
smoking conversation related to lung cancer? (2) What are the
key themes in e-cigarette and smoking tweets within the broader

context of lung cancer discussion during National Cancer
Prevention Month? (3) Are there geospatial differences in how
e-cigarette and smoking tweets were distributed across the
United States during National Cancer Prevention Month? (4)
What is the relationship between the number of tobacco control
policies in states and themes of e-cigarette and smoking tweets?

Methods

Data Collection
Data were retrieved from an existing data set of US
English-based lung cancer tweets that contained the term “lung
cancer” purchased from Twitter. A list of 28 keywords, such as
“e-cigarette,” “vape,” and “juul” [35,36], and another list of 21
keywords, such as “cigarette” and “smoking” [37], were
developed and used to extract e-cigarette and smoking tweets
from the data set, respectively (Table 1). Tweets that contained
both sets of keywords were excluded from further analysis to
obtain a proper comparison.

Table 1. Search keywords for data collection.

KeywordsTopic

electronic cigarette; vap*; e-cig*; ecig*; e cig; e-pen; epen; e pen; e-juice; ejuice; e juice; e-liquid; eliquid; e liquid; esmoke;
e-smoke; e smoke; e-hookah; ehookah; e hookah; e-pipe; epipe; e pipe; atomizer; juul; njoy; v2 cig; joye510

E-cigarette

cig*; tobacco; waterpipe; water pipe; hooka; smok*; chew; nicotine; shisha; sheesha; bidi; beedi; kretek; narghile; argileh;
cheroot; snuff; snus; betel; gutkha; toombak

Smoking

Data Processing and Analysis
R statistical software (The R Project) was used for textual
analyses. Data were preprocessed and cleaned before advanced
textual analysis. Texts were formatted to lower case. Different
forms of phrases that had the same meaning were transformed
into a common format to facilitate future text processing, such
that “e cig,” “e-cig,” “ecig,” and “electronic cigarette” were
reformatted into “ecigarette.” Common English stop words,
such as “the” and “of,” special characters, and punctuations
were removed. The remaining texts were tokenized and
lemmatized to further avoid inflected words. The word “lung
cancer” was also removed from the analysis.

Topic Modeling
Topic modeling, using latent Dirichlet allocation, was employed
to understand the differences between themes of e-cigarette and
smoking in the context of lung cancer discourse. Latent Dirichlet
allocation is a popular and widely used algorithm for topic
modeling, by which documents are modeled as mixtures over
topics and a topic is characterized as a distribution of words
[38]. R software (topicmodels package [39]) was used.

The latent Dirichlet allocation algorithm requires a predefined
number, k, of topics, which we determined with the perplexity
and log-likelihood indices. Both indices have been
conventionally used to evaluate the model [38,40]. A lower
perplexity score and a higher log-likelihood score indicate better
generalization performance. We trained topic models from k=2
to k=20. To maximize the diversity of discussion while at the
same time minimize topic overlaps, we selected the k model
when the k+1 model did not improve [27,38]. After the topics

were generated, we named each topic by examining keywords
and posts that were representative of those topics. Topics
deemed to have similar themes were combined to facilitate
discussions.

To evaluate the prevalence of topics, we used methods described
in [27] to determine the topic of each tweet. The output of topic
modeling included estimates of the proportion of each topic
present in each tweet. Based on this output, we assigned each
tweet the topic that had the highest predicted proportion. For
example, the tweet “February 7, 2018. The day everyone who
juuls simultaneously got lung cancer” was estimated to be 1.1%
similar to other tweets under the topic affective reasoning, 1.1%
similar to other tweets under the topic personal experiences,
95.6% similar to other tweets under the topic sarcasm, 1.1%
similar to other tweets under the topic cognitive reasoning, and
1.1% similar to other tweets under the topic e-cigarette risk and
was, therefore, classified under the topic sarcasm.

We compared the temporal distribution of e-cigarette and
smoking tweets using chi-square analysis.

Geospatial Analysis
The geolocation of a tweet was determined by the self-reported
location in the profile of the relevant Twitter user. We imported
the location strings into the Google Maps geocoordinates
application programming interface (API) to obtain the
geocoordinates and the corresponding states in the United States.
Then, we manually checked to ensure the state information is
correct for each tweet. Tweets that did not have a user-reported
location or whose reported location string did not return any
results were excluded from the geospatial analysis. To further
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understand the spatial distribution of themes, ratio values were
calculated for each state by dividing the number of tweets in
each theme by the total number of tweets in each state. We
plotted the ratio values by state to visualize the spatial
distribution patterns.

To further understand how state policies might affect twitter
discussions of e-cigarette and smoking, we compared the number
of tweets with the number of state policies (existing, introduced,
or recently enacted in the first quarter of 2018) related to
e-cigarettes and smoking. State policies were obtained from the
tobacco use data portal from the US CDC [41]. For e-cigarettes,
the data included policies related to the sale of e-cigarettes to
youth, retail licenses to sell e-cigarette, smoke-free indoor,
smoke-free on campus, taxes on e-cigarette products, and
preemption. For smoking, the data included all policies similar
to those for e-cigarettes and additional policies on fire safety.
We conducted bivariate correlation analysis (Pearson
correlation) of the total number of tweets and the total number
of state policies, as well as between the themes of tweets and
types of tobacco control policies.

Results

Temporal Distribution of E-cigarette and Smoking
Tweets
The data set had 13,946 publicly available tweets obtained
during National Cancer Prevention Month (ie, February) and
10,153 tweets obtained during March in 2018 in the United
States. The keyword queries returned 1061 e-cigarette tweets
and 4019 smoking tweets during National Cancer Prevention
Month, and 171 e-cigarette tweets and 1919 smoking tweets
during March (Figure 1). Of these, 149 tweets during National
Cancer Prevention Month and 95 tweets during March contained
both sets of keywords and were removed. This yielded 6.56%
(915/13,946) e-cigarette tweets and 27.7% (3870/13,946) general
smoking tweets made by 839 and 3501 unique users during
National Cancer Prevention Month, and 0.75% (76/10,153)
e-cigarette tweets and 18.0% (1824/10,153) general smoking
tweets made by 57 and 1643 unique users during March.

Figure 1. Study flowchart.

There was a significant difference between the temporal

distributions for e-cigarette and smoking tweets (χ2=256.85,
P<.001). This suggests that National Cancer Prevention Month
did promote lung cancer discussion associated with e-cigarette
and smoking.

E-cigarette and Smoking Tweets Themes
During National Cancer Prevention Month, 3 major e-cigarette
themes—comprising 5 topics—emerged (Table 2). The topics
affective reasoning, cognitive reasoning, and sarcasm were
categorized under the overarching theme e-cigarette debate.
First, Twitter users made the link between e-cigarettes and lung
cancer based on emotional evaluation of their experiences or
anecdotal stories they have heard. Second, there were those who
discussed and cognitively processed e-cigarette information

presented to them. For instance, one of the tweets highlighted
that lung cancer could take years to develop and simply
“juuling” for a short period may not be enough to develop lung
cancer. Third, some of the Twitter users expressed sarcasm
when discussing e-cigarettes, pushing back on the idea of
“juuling” and lung cancer. These 3 topics accounted for half of
all tweets (454/915, 49.7%). The second major theme was
e-cigarette risks (145/915, 15.8%), where many tweets discussed
scientific evidence on the risks of e-cigarette on lung diseases.
The third major theme was personal experiences, which
constituted approximately one-third of the tweets (316/915,
34.5%). Many tweets in this category encouraged others to stop
vaping, with users citing stories they had heard about someone
who contracted lung cancer by consuming e-cigarettes.
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Table 2. E-cigarette themes from tweets (based on latent Dirichlet allocation algorithm).

Tweets (n= 915), n (%)ExamplesWordsTheme

454 (49.7)E-cigarette debates

158 (17.3)Drop your juuls like deadass. Have heard of three
people my age who have been diagnosed with lung
cancer from juuls. Feel like we all saw this coming

Juul, hit, kid, people, rumor, cause, shit,
really, report, untrue

Affective reasoning

127 (13.9)When people think that juuls give you lung cancer but
lung cancer takes years to develop

Juul, year, cause, cancer, develop, know,
take, use, lung, say

Cognitive reasoning

169 (18.5)February 7, 2018. The day everyone who juuls simul-
taneously got lung cancer.

Juul, everyone, day, February, simultane-
ously, friend, today, people, college,
think

Sarcasm

316 (34.5)STOP JUULING IMMEDIATELY‚ My best friends
neighbors girl friend’s sorority sister’s cousin’s step
son got lung cancer from a single hit of juul. Drop
these cancer sticks.

Friend, cousin, stop, girl, good, sister,
neighbor, immediately, son, sorority

Personal experiences

145 (15.8)ecigarette Flavorings linked to Severe LUNG disease
https://t.co/2VhStSkI0s #lungdisease #lungcancer
#ecigarettes #cancer #ecigaretteflavoring #severlungdis-
ease #howbadareecigarettes

Juul, link, lung, kid, disease, ecigarette,
severe, flavoring, hit, addict

E-cigarette risks

Unlike themes expressed in e-cigarette tweets, which showed
that users were divided over the association of e-cigarettes with
lung cancer, those expressed in smoking tweets (Table 3)
showed that users were largely unanimous in perceiving the
link between smoking and lung cancer. More than half of tweets
(2251/3870, 58.1%) were classified under the theme policy
discussion, which equated the importance of tobacco control

policies with that of gun control policies. Furthermore, more
than 20% of tweets (843/3870) focused on the theme smoking
risks—tweets promoted smoking cessation by mentioning
scientific facts of smoking and its relation to lung cancer.
Another major theme was personal experiences, with 20% of
the tweets (776/3870) having stories of how users or their
families suffered lung cancer because of smoking.

Table 3. Smoking themes (based on latent Dirichlet allocation) from tweets.

Tweets (n= 3870), n (%)ExamplesWordsTheme

2251 (58.1)Policy discussion

1831 (47.3)This is like inviting tobacco lobbyists to explain to
kids who have lost loved ones to lung cancer how we
can prevent smoking deaths. Lobbyists don’t deserve
a seat at this table.

Tobacco, kid, one, lose, prevent, explain,
love, lobbyist, invite, this

Tobacco lobbying

420 (10.8)Higher prices / taxes on cigarettes=less deaths due to
lung cancer. Seat belts / stricter regulations on vehicle
safety=less auto deaths

Smoker, cigarette, gun, smoke, cause,
blame, tobacco, gum, chew, death

Smoking control
policy

843 (21.8)433 Americans die daily from #lungcancer. The major-
ity of people living with lung cancer r nonsmokers or
have quit smoking. Anyone, smoker or nonsmoker,
can get lung cancer. While smoking greatly increases
the risk of #lungcancer , NO ONE DESERVES
CANCER. @theNCI #LCSM https://t.co/9CtilnJLzm

Smoke, cancer, smoker, lung, non, die,
people, risk, quit, cigarette

Smoking risks

776 (20.1)Great! My big brother was smoking for the last fifty
years Lung cancer finally killed him. Small pain under
the arm one sunny morning. Two years later a 3cm
tumor killed him.

Smoke, get, cigarette, people, die, tobac-
co, cause, someone, kill, make

Personal experiences

Spatial Distributions of E-cigarette and Smoking
Tweets and Themes
The geospatial analysis included 96.7% (885/915) of the
e-cigarette tweets and 89.3% (3455/3870) of the smoking tweets
during National Cancer Prevention Month. Overall, discussions
of e-cigarettes and smoking in relation to lung cancer occurred

mostly in the coastal areas and the eastern part of the country
(Figure 2). California, New York, Florida, Texas, and Illinois
had the most tweets about e-cigarettes and smoking. We focused
our analysis on states that had more than 20 tweets in order to
draw meaningful distribution patterns (Figures S1 and S2 in
Multimedia Appendix 1).
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Figure 2. The spatial distribution of e-cigarette and smoking tweets mentioning lung cancer during US national cancer prevention month (February
2018).

For e-cigarette tweets, California, Arizona, Pennsylvania,
Illinois, and Virginia had more tweets debating e-cigarettes than
tweets containing the other two themes. Oregon, Texas,
Tennessee, and North Carolina had more tweets asking people
to stop vaping based on personal stories. Hawaii and the
Washington state had more tweets on scientific evidence
showing the link between e-cigarettes and lung diseases.

For smoking tweets, most states predominantly had tweets about
policy discussions regarding smoke control and how tobacco
control policies were important to reign in tobacco companies,
equivalent to how gun control policies would restrict gun
lobbyists. Nevada and Kentucky had more tweets about the
scientific evidence of smoking risks than those about the other
two themes.

Association With State-Level Tobacco Control Policies
The number of tweets under the theme e-cigarette risks was
positively associated with the number of both indoor arena and
on campus smoke-free policies (smoke-free indoor: r49=0.33,
P=.02; smoke-free campus: r49=.32, P=.02). Likewise, the
number of tweets under the theme e-cigarette risks was
positively associated with the total number of e-cigarette
policies, r49=.32, P=.02). There were no statistically significant
associations between the 3 smoking themes and the number of
smoking policies in the context of lung cancer (P>.13) (Tables
S1 and S2 in Multimedia Appendix 2).

Discussion

Principal Findings
We examined the prevailing topics and distributions of
discussions in Twitter about e-cigarettes and traditional tobacco
consumption during the National Cancer Prevention Month in
2018 within the broader context of lung cancer to offer key
insights on how the public perceives health risks of both
e-cigarettes and smoking and potentially help public health
organizations to be more strategic in their messaging and
tobacco control efforts by targeting different tobacco products.

First, the findings of temporal distributions of e-cigarette and
smoking tweets suggest that National Cancer Prevention Month
promoted both e-cigarette and smoking conversations related

to lung cancer. What we found notable was that National Cancer
Prevention Month promoted e-cigarette conversations more
than smoking conversations in the context of lung cancer.
Without the cancer campaigns, lung cancer discourse on Twitter
were rarely about e-cigarettes (76/10,153, 0.75%) and mostly
revolved around the harms of smoking (1824/10,153, 18.0%).
This is likely for a few reasons. In February 2018, the American
Cancer Society [42] first released an official statement that
discouraged youths or young adults from using any tobacco
products including e-cigarettes. As such, it might have generated
additional attention to the harms of e-cigarettes in relation to
lung cancer during National Cancer Prevention Month. Second,
2018 National Youth Tobacco Survey data raised concerns
about the vaping epidemic by showing an alarming surge in
e-cigarette use among youths from 2017 to 2018; there was a
78% increase in e-cigarette use among high school students and
a 48% increase among middle school students [43]. In addition,
the nature of National Cancer Prevention Month itself, as a
cancer awareness campaign, did indeed promote public debate
and concerns about e-cigarettes on Twitter as demonstrated by
our data.

Second, the findings of our thematic analysis suggest that
Twitter users were aware of the risks of lung cancer from
smoking but were split over the potential health effects of
vaping. While some of the Twitter users evaluated the link
between e-cigarettes and lung cancer based on personal
experiences or anecdotal stories they have heard, others
processed e-cigarette information in a more cerebral manner
and were convinced of the health risks of e-cigarettes. This split
in attitude toward e-cigarettes may be the result of mixed
communication messaging from public health organizations.
For instance, while the CDC has acknowledged the risks of
e-cigarettes, particularly for young people due to the presence
of nicotine, the long-term health effects of e-cigarettes have
been debated [44]. And the National Academies of Sciences,
Engineering, and Medicine [10] released a report concluding
that e-cigarette use could not be strictly categorized as harmful
or beneficial because it would require more long-term studies
on the health effects of vaping.

Another significant finding was that themes of political lobbying
and policy making were absent from e-cigarette tweets, but not
from those about traditional tobacco consumption, during the

J Med Internet Res 2021 | vol. 23 | iss. 12 | e28042 | p.725https://www.jmir.org/2021/12/e28042
(page number not for citation purposes)

Lu & LeeJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


cancer campaign. When discussing smoking, Twitter users were
mindful of the political lobbying by tobacco industries (and
equated it to that of gun lobbyists), but this particular theme
was missing from e-cigarette tweets. This is crucial, as it
suggests that the political lobbying efforts by e-cigarette
companies may not be as visible or prominent as those of the
traditional tobacco industry. This is a cause for concern. After
all, the tobacco industry is very much involved in the e-cigarette
industry, as shown by the acquisition of Juul by Altria (formerly
known as Philip Morris) for US $12.8 billion in 2018 [45].
Moreover, in recent years, e-cigarette companies have increased
efforts in boosting scientific legitimacy in the context of health
effects from consumption of their vaping products. For instance,
Juul established the JLI Science lab, to fund scientific research
on the effects of vaping products—a move that resembled the
tobacco industries’use of research for political lobbying efforts
in the 1980s [46]. In terms of policy actions, public debate on
the need for tighter regulations over e-cigarettes is critical.
Research has shown that supply-side restrictions—such as
limiting tobacco retail outlet density—are effective in reducing
tobacco consumption [47]. If there are any indications that the
current ban on flavored e-cigarettes by the United States and
other countries has an effect on the tobacco industry, Altria will
revise terms of investments in Juul [48].

Third, this study demonstrated geospatial differences in
e-cigarette and smoking discussions on Twitter during National
Cancer Prevention Month. In terms of discussing e-cigarette
risks, results showed that only 2 states—Hawaii and
Washington—had more discussions than those of the others. In
the state of Washington, 30% of 12th grade students used
e-cigarettes [49], compared to the use of other tobacco products
such as smokeless tobacco (4%) or cigars (7%). In the state of
Hawaii, high school teenagers vaped twice as much as the
national average [50]. To curb the vaping epidemic, Hawaii was
one of the first states to raise the legal age of sales for tobacco
from 18 years to 21 years, in an effort to prevent young people
from nicotine addiction and the harms of tobacco use [51].

There was a positive correlation between discussion of
e-cigarette risks and the number of smoke-free policies at the
state level. While the findings cannot be used to make any causal
claims, it is worth nothing that there may be a reciprocal
relationship between public awareness of e-cigarette risks and
the passing of smoke-free policies. In other words, when the
public becomes aware of the risks of e-cigarettes, they may
encourage local representatives to push for more smoke-free
policies. At the same time, the passing of smoke-free policies
may further increase awareness of e-cigarette risks in the general
public.

Though discussion of tobacco risks and the number of
smoke-free policies were not correlated, as discussed, people
still mentioned the importance of smoking control policies in
their tweets. The data suggest that policy engagement and public
awareness and discussion of tobacco risks are symbiotic. When
the risk awareness of a tobacco product is low, especially for
emerging tobacco products such as e-cigarettes, public policy
engagement motivated by the community leaders or public
health organizations may heighten risk awareness. Once the

public are adequately educated on the health risks of a tobacco
product (eg, combustible cigarettes), this risk awareness may,
in turn, fuel discussions on the need for stringent tobacco control
policies, as well as strategically address tactics of political
lobbying and messaging by the tobacco industry. In other words,
the findings of our study suggest that public health organizations
should focus on both improving risk awareness of tobacco
products, as well as engaging and educating the public on the
importance of tobacco control policies, because these strategies
complement and reinforce one another.

We believe that our findings will be useful to help health
communication scholars understand public perception and
attitudes toward e-cigarettes and smoking. Future studies should
(1) test potential reciprocal relationship between policy
engagement and risk awareness of tobacco products; (2)
investigate the underlying mechanisms, specifically examine
how National Cancer Prevention Month or other cancer
awareness months could promote e-cigarette discussions with
randomized controlled trials, and identify the best strategies in
educating the public about the harms of vaping; and (3) replicate
our study by examining how cancer awareness months drive
conversations about other cancers (eg, breast cancer, prostate
cancer) compared with other noncancer awareness months and
how various health policies (eg, health insurance) across
different states are associated with cancer discussion.

Limitations
First, while social media sources, such as Twitter, can be used
to gauge public opinion and sentiments toward smoking and
e-cigarette, we are mindful that they may not be representative,
and as such, there are constraints on the generalizability of the
results. For example, our data came from publicly available
posts, and thus, we were not able to capture themes and
sentiments toward smoking and e-cigarettes in private posts.
Also, because not all users reported their locations in their
profiles, there may be potential selection biases in the geospatial
analysis. In addition, we are cognizant that there potentially
could be a spill-over effect because our data were collected from
consecutive months in February and March. However, we are
confident that this was not a major issue of concern given that
the number of e-cigarette tweets in February (n=1061) during
National Cancer Prevention Month was much greater than the
number of e-cigarette tweets in March (n=171). Finally, we
excluded tweets with both sets of keywords that might introduce
bias and ran the same analyses; we found that the results did
not substantially differ; therefore, we are confident that our
results are robust.

Conclusion
The public is aware of smoking and lung cancer risks, but people
were generally divided over the risks of e-cigarettes in relation
to lung cancer. Public health organizations should invest in
strategic messaging efforts over social media to address any
misinformation about e-cigarettes because there is a reciprocal
relationship between public awareness and discussion on tobacco
products on social media and the implementation of tobacco
control policies.
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Abstract

Background: There is growing evidence of the need to consider cultural factors in the design and implementation of digital
health interventions. However, there is still inadequate knowledge pertaining to the aspects of the Saudi Arabian culture that need
to be considered in the design and implementation of digital health programs, especially in the context of home health care services
for patients who are chronically and terminally ill.

Objective: This study aims to explore the specific cultural factors related to patients and their caregivers from the perspective
of physicians, nurses, and trainers that have influenced the pilot implementation of Remotely Accessible Healthcare At Home,
a connected health program in the Home Health Care department at King Saud University Medical City, Riyadh, Saudi Arabia.

Methods: A qualitative study design was adopted to conduct a focus group discussion in July 2019 using a semistructured
interview guide with 3 female and 4 male participants working as nurses, family physicians, and information technologists.
Qualitative data obtained were analyzed using a thematic framework analysis.

Results: A total of 2 categories emerged from the focus group discussion that influenced the experiences of digital health
program intervention: first, culture-related factors including language and communication, cultural views on using cameras during
consultation, nonadherence to web-based consultations, and family role and commitment and second, caregiver characteristics
in telemedicine that includes their skills and education and electronic literacy. Participants of this study revealed that indirect
contact with patients and their family members may work as a barrier to proper communication through the Remotely Accessible
Healthcare At Home program.

Conclusions: We recommend exploring the use of interpreters in digital health, creating awareness among the local population
regarding privacy in digital health, and actively involving direct family members with the health care providers.

(J Med Internet Res 2021;23(12):e26002)   doi:10.2196/26002
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Introduction

Background
Digital health technology (including telemedicine, telehealth,
remote patient monitoring, and connected health) that supports
patient-centered care is a rapidly evolving field and is gaining
popularity as a means of driving quality improvements and
accessibility in health care [1]. Digital health is assumed to
enhance the provision of health care services outside
conventional hospital settings [2,3], thereby strengthening the
development of home health care (HHC) services. Numerous
benefits related to the implementation of digital health have
been suggested, including improved quality of care, patient
safety, accessibility, and cost minimization [4,5]. Their use is
also linked with enhanced clinical outcomes, such as a decline
in mortality and emergency room admission rates [6]. During
the 2019 COVID-19 global pandemic, telemedicine and
telehealth have provided opportunities for delivering health care
remotely and have underpinned the beneficial role of digital
health in the future [7].

Owing to these beneficial uses of technology in health care
worldwide, there has been a dramatic growth in the number of
digital health pilot programs [8]. However, a critical issue in
this domain is that a considerable number of these pilot
programs have been unsuccessful in progressing toward
full-scale implementation and widespread adoption [9-11]. The
reasons underlying the failure of these pilot programs have
received substantial interest in the literature [12,13]. One of the
key barriers identified in numerous studies pertains to cultural
factors and influences [14-16]. Culture refers to “a system of
knowledge, beliefs, patterns of behavior, artifacts, and
institutions that are created, learned, and shared by a group of
people” [17]. Culturally appropriate health-related interventions
have been reported to improve clinical outcomes [18]. Likewise,
cultural sensitivity is a key element for honoring patient-centered
health care [19], and it has been identified as one of the
significant factors needed to extend telemedicine projects to
mainstream health care [20].

Being the cradle of the Islamic faith, Saudi Arabia is home to
a predominantly Muslim population, and this shapes cultural
and social life. In general, some characteristics of the
Arab-Muslim culture that influence health include health beliefs,
family relationships, health providers, diet and medications, life
stages, views on death and dying, preventive health, gender
issues, space, time, and communication [21]. Specific to Saudi
Arabia, the language barrier between patients and providers has
been well documented to adversely affect the quality of health
care in Saudi Arabia [22,23].

The influence of culture on digital health practices in Saudi
Arabia is the focus of a study by Kaliyadan et al [24], which
included 166 patients and evaluated the application of a 4G
smartphone for teledermatology. The study found that 14% of
the mostly female patients refused photography of their skin
lesions, citing social and cultural reasons [24]. In addition, a
review article by Alkhalifah and Aldhalaan [25] that examined
the use of telehealth services to support families with children
diagnosed with autism spectrum disorder in rural areas of Saudi

Arabia recognized that telehealth interventions developed in
the West were culturally unsuitable in the local context, thus
acting as a barrier to extensive adoption [25]. Hence, the
provision of culturally appropriate digital health is crucial for
delivering high-quality health care in Saudi Arabia.

Research Gap
There is still inadequate knowledge pertaining to the aspects of
Saudi Arabian culture that need to be considered closely in the
design and implementation of digital and connected health
programs. This is especially relevant in the context of HHC
services for vulnerable groups such as patients who are
chronically and terminally ill that require longstanding treatment
and management and often have complex unmet health care
needs [26]. Information regarding the unique cultural factors
of the patients and caregivers that influence the successful
application and adoption of health technology will enable
program managers and health care providers to design and
deliver culturally sensitive digital health interventions for use
in the local context [27]. This is especially vital in light of Saudi
Arabia’s Vision 2030 National Transformation Program
(2018-2020) that has reinforced the role of patient-centered
telemedicine and digital health technology as a means of driving
major developments in the health care sector and improving
health care outreach [28]. Its vitality is also relevant in light of
Saudi Arabia’s active digital health response to the COVID-19
pandemic [29].

Thus, through our study, we aim to explore the culture-specific
observations relating to patients and their caregivers through
the perspective of physicians, nurses, and trainers during the
pilot implementation of a connected health program named
Remotely Accessible Healthcare At Home (RAHAH) in the
HHC department at King Saud University Medical City
(KSUMC), Riyadh, Saudi Arabia.

Methods

Study Design
This is a phenomenological qualitative study using focus group
discussions (FGDs) to explore experiences and opinions of
health care workers (HCWs) and program trainers who have
been using telehealth for HHC in the Saudi Arabian cultural
context. FGD was used as the technique, and it reflects the
process through which meaning was constructed collectively
and can be regarded as naturalistic.

Some of the researchers (AAA, AMA, ZA, and FRQ) held an
emic perspective as they worked in close contact with the
RAHAH team. This assisted in bringing more knowledge, as
they were more familiar with the expressions and ways of
communicating and establishing trust between the researchers
and participants. The others held an etic perspective (MMH and
NAA), as they were only involved for the purpose of conducting
the study. This allowed them to look at the participants
experiences without a preconceived assumption.

Study Setting
KSUMC is a tertiary care hospital in the capital city of Riyadh.
It is a leader in medical specialties, subspecialties, and
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technologies. A connected health program called RAHAH was
developed by Prince Naif Bin AbdulAziz Health Research
Center at KSUMC. RAHAH uses a wide array of digital-based
health tools on its platform, including patient health records,
portals, mobile apps, remote monitoring devices (such as
glucometers, blood pressure monitors, oximeters, and
thermometers), teleconsultation, and e-response centers (through

messaging and chat). In 2018, the HHC department at KSUMC
embarked on piloting the RAHAH program in its department
(Figure 1). This pilot program is being conducted in a phased
approach, with geriatric patients constituting the first phase.
There were 40 geriatric patients with chronic conditions such
as diabetes mellitus and hypertension who were enrolled in this
program when the study was conducted.

Figure 1. Different departments piloted by Remotely Accessible Healthcare At Home program including the Home Health Care department. RAHAH:
Remotely Accessible Healthcare At Home.

Sampling and Recruitment
This research project was conducted at the HHC department,
KSUMC where 6 HCWs were dedicated to piloting the RAHAH
program. RAHAH provides technical liaisons to different
departments at KSUMC to implement the RAHAH program.
These liaisons also train patients, caregivers, physicians, nurses,
and allied health staff on how to use the service, observe and
curate feedback from users, and help in cases of technical
hurdles. They provide valuable insight into the audience of
interest (the HHC team and patients or caregivers) because of
their close and frequent contact with them. For the HHC
department at the time of this study, there were 2 RAHAH
technical liaisons. This project’s research team comprises
administrative researcher physician figures from the HHC
department and RAHAH program (AAA, AMA, and ZA), 2
qualitative research public health physicians from community
medicine units (MMH and NAA), and a RAHAH researcher
(FRQ).

The criteria for participant selection included those working on
the RAHAH project in the HHC department at KSUMC. Those
who were not directly involved in the HHC department at
KSUMC were excluded. The total number of team members
working on the RAHAH pilot in the HHC department was 8
(6/8, 75% HCWs and 2/8, 25% technical liaisons). They were
all invited by researchers MMH and FRQ (who are not
associated with HHC) via email to participate in the focus group.
It was explained to all participants that their decision to
participate would not have any implication on their jobs. An
invitee declined (1 of the 2 RAHAH technical liaisons), and the
remainder accepted by responding to the email. Thus, a total of

7 participants attended the FGD. Reminders for the invitation
date and time were sent out via SMS text messages and emails
with no prior knowledge of the actual number that will be
attending the focus group. The focus group time was voided
from the HHC team schedule to provide an opportunity to those
who wanted to participate in the research.

Data Collection
The discussion guide was developed in English based on the
study objectives, previous studies [15,21,30-33], professionals’
experiences [34], and personal familiarity and clinical
experiences with the Saudi Arabian culture (Multimedia
Appendix 1). It followed a semistructured format with
open-ended questions that facilitated the development of
emergent themes during the discussion.

The discussion guide was tested with 1 RAHAH trainer who
was not invited to the FGD. A researcher tested the guide for
ease of understanding and checked whether the answers met
the requirements of the question. Consequently, some of the
guide questions were rephrased, and the definition of culture
was added to the introduction.

The FGD was conducted on July 28, 2019, for 2 hours by 2
researchers, MMH and FRQ. MMH led the discussion, as she
is bilingual in Arabic and English, whereas FRQ took notes of
the discussion and kept track of the time. The discussion was
conducted in a quiet meeting room at KSUMC on July 28, 2019,
and lasted for an hour.

The discussion was in English, which is the main language
spoken by workers in KSUMC. However, to enhance the
credibility of the findings, participants were given the option

J Med Internet Res 2021 | vol. 23 | iss. 12 | e26002 | p.732https://www.jmir.org/2021/12/e26002
(page number not for citation purposes)

Alodhayani et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


to use Arabic. For each question, the focus group facilitator
gave ample time for all participants to share their thoughts and
at times used prompters to further explore the answers. The
facilitator would move on to the next question when she reached
saturation with the answers.

The discussion was audiotaped and transcribed verbatim by a
transcription service. The transcript had time stamps on speaker
change, and MMH and FRQ filled in unintelligible and Arabic
audio, deidentified the participants and names, crosschecked
the text with audio, and refined and finalized the transcript for
analysis.

Having different perspectives among the authors, using probing
questions, using ≥1 coder, and having transparency in reporting
the results added to the trustworthiness of the study. A focus
group method was chosen as it is the best technique to elicit
shared experiences, permitting participants to raise topics that
they deem to be important and allowing people to probe each
other’s reasons for holding certain views. All of the above
enriched the data and supported the credibility of the study.

Data Analysis
We conducted a thematic framework analysis as described by
Ritchie and Spencer [35]. A holistic overview of the data set
and familiarization with the range, depth, and diversity of the
participants’ responses was performed by NAA and MMH.
Similar codes were developed by both authors, and an agreement
on an initial coding frame was achieved with the flexibility to
enable other codes to be added and discussed regularly. Key
themes were developed, and quotations were used to support

the provided evidence. NVivo software (version 11.4.2; QSR
International) [36] was used to manage the data.

Ethical Considerations
Ethical approval was obtained from the institutional review
board of King Saud University College of Medicine in June
2019 (project number E-18-3914) based on the Declaration of
Helsinki. Participation in the study was voluntary, maintaining
the right of the participants to withdraw at any time. The
participants were fully informed regarding the study aims,
objectives, methods, and how the interview material would be
recorded and protected. All the information provided by the
participants was kept confidential, the participants’names were
coded, and possible identifiers were omitted from the final
transcript. As the head of the HHC department and RAHAH
program managers are researchers in this study, they were not
involved in the facilitation or transcription of this focus group
to avoid the power effect of the relationship between managers
and employees to influence the latter’s responses.

Results

Overview
A total of 7 participants were included in the focus group (Table
1), and 2 categories emerged from the FGD. These were (1)
culture-related factors, including language and communication,
cultural views on using cameras during consultation,
nonadherence to web-based consultations, and family role and
commitment and (2) caregiver characteristics in telemedicine,
including their skills, education, and electronic literacy (Textbox
1).

Table 1. Demographic data of the study participants.

SpecialtyTime working in home care and telemedicineGenderNationalityParticipant number

Information technology3 yearsFemaleSaudi Arabia1

Family physician3 yearsMaleSouth Asia2

Family physician1 yearMaleSouth Asia3

Nurse4 yearsMaleSoutheast Asia4

Nurse3 yearsMaleSoutheast Asia5

Nurse3 yearsFemaleSouth Asia6

Nurse3 monthsFemaleSaudi Arabia7
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Textbox 1. Emerging themes in the experiences of health care workers.

Culture-related factors

• Language and communication

• Communicating with the caregiver

• Behavior and media used in urgent communication

• Bilingualism

• Cultural views on using the camera

• Nonadherence to web-based consultations

• Family role and commitment

Caregiver characteristics

• Skills and education

• Electronic literacy

Culture-Related Factors
A total of 4 themes emerged from this category: language and
communication, cultural views on using the camera,
nonadherence to web-based consultations, and family role and
commitment.

Language and Communication

Communicating With the Caregiver
The participants acknowledged that dealing with the caregivers
rather than directly with patients is inevitable, as almost all
patients who are registered in the RAHAH program at the HHC
department are diagnosed with cognitive impairment. This is
evident in the response of participant 2:

Most of the patients are not able to express
themselves...they are demented, and they cannot
express themselves.

As family members are usually busy during the day, they assign
a housemaid or sometimes a nurse to escort the patient. A
participant explained the following: “We are communicating
with the attendants who are hired ones, not the real relatives of
the patient” [participant 2].

Another participant added the following: “Very few, uh, family
members are communicating with us” [participant 1].

Caregivers were seen by the participants as an essential link
between the patients and the health care team. According to
them, they train all caregivers to assist in patient care: “We train
them on feeding, giving medications, vital signs recording”
[participant 2].

They correspondingly acknowledged that if the caregiver was
sincere, good patient outcomes could be observed. A participant
explained as follows:

Dedication is very important for the caregiver
because we have some patients with bed sores...So,
if she is dedicated [you can see] good progress and
good healing of the wound...But if they are not
dedicated and they are not concerned, it will linger
on. [participant 3]

Furthermore, discrepancies in the information shared by patients
and caregivers were noted. A participant explained the
following:

Even when their caregivers told us that she [the
patient] was having pain in her knees, she was not
eating, she—didn’t go to the toilet for like three, four
days and I asked her, “Mama, how are you? Are you
okay?” “Yeah, everything is good.” [participant 7]

Moreover, handover of care between caregivers and family
members was described as poor, as they do not involve the
health care team in the process of care transition to family
members. A participant stated the following: “They [caregivers]
will not even tell us when they are travelling” [participant 7].

Behavior and Media Used in Urgent Communication
According to the participants, phone calls to their offices or
messages on WhatsApp were the modes of communication in
case of emergencies. A participant explained the following:

We are not watching RAHAH all the time...They
[patients] call our office. If there is some urgent
problem...they send the pictures, messages on
WhatsApp and immediately we connect and then call
them and see what the problem is. [participant 2]

Participants felt comfortable providing their personal cell phone
contacts, as they believed that some patients might need
immediate attention:

If the nasogastric tube is out...So, they communicate
with us because our patients need to be fed...or if the
catheter is pulled out, they need to be relieved.
[participant 3]

A participant expressed his inconvenience in dealing remotely
with some caregivers in the case of an emergency. He believed
that caregivers’ expressed stress could be exaggerated, and the
situation could be misinterpreted by the HCW:

You directly see they are very hysterical, especially
ladies, and shouting “the patient is dying! The patient
is dying!” or “there’s blood coming out” or “please,
we cannot give medicine anymore.” So, once they are
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hysterical...They do create a hysterical situation for
the treatment team. [participant 2]

Bilingualism
The participants denied language as a barrier to communication.
They noticed that their caregivers or relatives spoke both Arabic
and English, which made it easier for them to communicate.
Participant 3 explained it as follows: “If you go back years and
years, most people were speaking Arabic, but now I have noticed
most of the people there speak English fluently too.”

In contrast, another participant noted the following:

Sometimes they do not know how to use the system
because the RAHAH system is an English based
system...Others [caregivers] from African countries
do not speak English, so they do not communicate
with us directly and they just work under the
supervision of some ladies of the house. [participant
2]

The problem of caregivers with limited knowledge of the
English language contributes to difficulties in communication
with health care providers and eventually influences the level
of care provided to the patient. Those who are fluent in English
would be able to operate the telehealth program effectively and
understand the treatment team instructions better compared with
those who do not speak English:

Some female foreigner caregivers can speak English
and they can operate the telehealth system. They are
the most helpful to us, taking pictures, and sending
us messages. [participant 2]

Others are housemaids who are not trained in the
English language and do not communicate well with
us; they just work under the supervision of family
members. They are trained to clean the patient’s bed,
bedsheets, and things, and they are not trained to take
care of medical problems. They are also not able to
use the telemedicine system. [participant 2]

Cultural Views on Using the Camera
Participants commented on the acceptance of camera use by
patients during web-based consultations. A participant noted
the following:

Even if I ask them to show me the patient, they are
reluctant. They say “I will tell you everything
instead.” [participant 2]

Some participants believed that this is rooted in a religious
viewpoint, acknowledging that Saudi Arabian culture is shaped
by the Islamic religious background. A participant remarked
the following: “Some might think that showing themselves on
camera is Haram [religiously prohibited]” [participant 1].

Participants also speculated that most female patients were
uncomfortable showing themselves on camera, as they covered
their faces from male strangers. A participant further opined
that the patients or caregivers feared using the camera and
technology during communication with their health care provider
and expressed concerns regarding their privacy:

They do not want to use the camera...because it could
be recorded. They are afraid that technology is so
advanced, and cameras can record their
(face)...stalking...taking photos. [participant 2]

The participants showed full acceptance of the patients’
preferences. Moreover, most of them preferred not to ask female
patients to show themselves on camera anymore, as they knew
this might not be acceptable to them and only tried to see parts
of the body when necessary. Male patients, on the other hand,
do not generally have reservations in this regard. A participant
noted the following:

We do not request any exposure on camera. For
females, we do not request to examine them on the
telemedicine system...or to show parts of their body
unless absolutely necessary. But in males...it is okay.
[participant 3]

Nonadherence to Web-Based Consultations
Participants perceived that patients’ attitudes toward attending
their web-based appointments were different from face-to-face
hospital appointments. Some patients do not take their
web-based appointments seriously. A participant explained the
following:

They are not particular about this appointment and
whether to attend it or not...In out-patient clinics,
people are careful because if they do not show up
then they will not get another appointment for three
months. Here, there is no such problem. They can get
another one soon. [participant 2]

Family Role and Commitment
Most participants acknowledged the key role of family members
in facilitating the implementation of the RAHAH program in
HHC and communicating with health care providers. Moreover,
their role in reaching an optimum state of health care outcomes
was highlighted. The participants mentioned the following:

The main role is the family’s. [participant 3]

If the family is proactive, we can expect that the
patient has no acute conditions...their health status
is optimum and meet expectations. [participant 5]

However, the participants conveyed that family members were
unavailable, most of the time, to take care of the patients:

...because family members are working outside the
home, and they are busy. [participant 3]

Men generally are not at home...Even ladies are
working, such as teachers. [participant 2]

Consequently, physicians generally rely on a hired nonnational
caregiver to provide them with health-related information about
the patient, and sometimes, the team may find it difficult to
communicate with family members when the caregiver is
unavailable. A participant noted the following:

They [the family member] will be updated by the
caregiver, usually a housemaid. And whenever we
ask more questions, they need to call the caregiver
for more clarification. This may create a problem
with telling the truth. [participant 7]
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The participants further acknowledged that the commitment of
families varied regarding their involvement in patient care. A
participant reported a few incidents that highlighted the lack of
commitment by some family members:

Do you remember what happened last week with us?
The patient who had not taken medicine...he used to
take medicine at 9 or 10 AM. Why? Because the
caregiver was traveling. The lady of the house was
there at home, and she said, “I don’t know how to
give the medications. I told the caregiver that before
she leaves, she should hand over the care.”
[participant 3]

A participant reported that some families hindered the successful
implementation of the telehealth program and recounted an
instance in which the family did not provide the Wi-Fi password
to the caregiver in their absence:

I have encountered two caregivers who want to use
RAHAH, but the problem is they do not have Wi-Fi.
I mean the family do not give the password to the
caregivers. [participant 4]

In short, the quality of the telehealth experience is affected by
specific culture-related factors, including language and mode
of communication, religious views of the patients or caregivers,
and family role and commitment to patients’ care.

Caregiver Characteristics
As caregivers are the main link between patients and health care
providers, under this category, caregiver characteristics that
were commonly observed by the participants were classified
into the following themes: skills and education and electronic
literacy of the caregiver.

Skills and Education
The participants highlighted several individual skills of the
caregivers that influenced the care provided to patients. For
example, a participant noted the following:

We see all types and all categories of caregivers.
Some are trained nurses, some are nursing assistants,
and some are only housemaids. [participant 3]

Educated caregivers prove to be valuable in driving an effective
telehealth consultation, as they are able to identify dangerous
signs and symptoms in the patient and inform the treating team
in a timely manner. A participant described incidents where an
educated caregiver was able to use the telehealth program to
connect with the health care team and alert them regarding
unusual symptoms such as blood in the stool and discoloration
of the patient’s leg, which subsequently saved the life of the
patient:

So, an educated attendant is the main person who is
helping us in telemedicine...remember that lady? She
sent out the photos of the blood in the stool. Therefore,
we immediately contacted her and then we went there
to see the patient, and found out that he had colon
cancer...There was a blood clot in the leg that we
recognized from picture that she sent. [participant 2]

Electronic Literacy
According to the participants, some caregivers had limited
electronic literacy and found it difficult to deal with the
technology necessary to conduct a telehealth consultation:

Yeah, um, few times I faced difficulties in leading the
caregiver to just sign up to Gmail...even the
application...sometimes they have difficulties with
that. [participant 1]

In addition, some patients and caregivers showed low
self-confidence in using the technology. A participant explained
the following:

One patient said “I do not know how to use the
application. I do not know how to use technology. I
am not good with phones.” [participant 7]

Discussion

Principal Findings
The RAHAH program applies a user-centered design approach
to its development process. The program team is in constant
communication with the health care providers piloting it, as
well as patients and caregivers receiving care through the
program. The program team also conducts frequent surveys and
observation visits to better understand the user experience and
enhance it. This qualitative study aligns with this approach of
adopting the bottom-up design of the program for better
acceptability, usability, and satisfaction. The pathway of
communication in the RAHAH program is depicted in Figure
2, where the HCWs communicate with the caregiver, as most
patients have difficulties in verbal communication, who in turn
communicate with the family members. HCWs communicate
with family members only when needed or in emergency cases.

Our findings show that HCWs communicate directly with
caregivers who are characterized by some features that may
hinder proper telemedicine-based communication and hence
affect the quality of care provided by the health care team. This
finding aligns well with previous studies that suggested cultural
influences impede the full-fledged implementation and adoption
of digital health systems [10-12]. Moreover, although HCWs
using telemedicine believe that better health outcomes are
associated with family involvement, their direct communication
with the family members of the patients is lacking. This can be
explained by the changing social culture in Saudi Arabia in
terms of more women joining the workforce [37] and the
breakdown of the extended family structure [38].

Although language was not explicitly reflected as a significant
barrier by the participants, this aspect must be considered
because the probability of challenges related to language and
communication is high in Saudi Arabia, as many of the
caregivers are expatriates and do not speak Arabic [22,23]. This
is a matter of concern, as poor patient–provider communication
is linked to poor diagnosis, treatment, and medication
instructions and a significantly higher risk of serious medical
events [39-43]. Bilingual providers are preferred to bridge the
patient–provider gap. In this regard, researchers suggest that
professionally trained interpreters can provide a high-quality,
culturally competent language in the absence of the services of
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bilingual clinicians [44]. However, a scarcity of interpreters has
been reported previously [45], and in Saudi Arabia, a systematic
review suggested that the cultural and language training
currently provided to expatriate nurses is not fulfilling its
purpose [46].

The findings of this study are consistent with earlier studies that
highlight the cultural beliefs affecting camera use in
teleconsultations, especially among women [24,47-49]. The
culture-religious belief that inhibits women from showing
themselves on camera is deeply rooted in decades-old Fatwas

(scholarly religious decisions) that forbade photography in all
its forms and the revealing of any part of a female’s body to
men, even in medical situations. These Fatwas have been
amended to accommodate the modern-day context but remain
a deterrent in the consciousness of some patients. It was clearly
important for the participants of this study to be culturally
sensitive when delivering their services using RAHAH.
However, they may hinder a successful telehealth experience
by refraining from asking female patients to appear on camera
or to show some body parts.

Figure 2. Pathway of health communication using telemedicine in Remotely Accessible Healthcare At Home program in the Home Health Care
department.

Studies have largely reported technology-learning barriers in
telemedicine [50-52]. Our findings contrast with previously
published studies in which a positive attitude toward
telemedicine was evident in patients with cancer [53], as well
as in those with lung diseases [54]. In their large survey study,
Edwards et al [55] found that patients with depression and those
with a high risk of cerebrovascular disease have a moderate
interest in phone-, email-, and internet-based services, whereas
interest in social media–based services was lower. In Saudi
Arabia, it was found that several barriers hinder decision-makers
of health care facilities from adopting and implementing
telemedicine in their health care facilities. These barriers were
the availability of adequate, sustainable funding and financial
support for operations; the reimbursement for telemedicine
services; the quality of information; the cost-effectiveness of
telemedicine; and cultural and social constraints [56]. Another
local study highlighted factors such as privacy, equipment cost,
lack of training, information, and communication technology
issues as significant barriers to the adoption of telemedicine in
hospitals [57]. However, the latter studies focused on patients
or HCWs mediating the consultation in the absence of
caregivers.

Regarding the recurring no show behavior, it could be curbed
with punitive procedures and communicated to caregivers when
onboarding the program. The cost-effectiveness of the
implemented telehealth program should be assessed with regard
to nonadherence to web-based consultations [58]. The no show
behavior in the served population in this study could be
explained by proximity to the hospital premises. In this case,
telehealth was not the only option for patients. Telehealth
services for individuals living in rural areas have observed
different behavior [25,59].

Overall, it is important to empower patients and caregivers in
the context of digital health care. Our study can be looked at as

a piece of a whole. The whole picture includes patients,
caregivers, and HCWs. The findings of this study can be
compared against perspectives on the experience of the primary
audience of the RAHAH program later on to improve the overall
communication process.

Study Limitations
Potential information recall bias among participants must be
considered in similar studies in the future. This study would
have benefited from triangulation with the primary audience
(patients and caregivers). In this study, patients were not
interviewed because of their health conditions, whereas
caregivers spoke different languages, which required unavailable
resources for translation to conduct the interviews and transcribe
them. Future projects could triangulate with other departments’
findings and RAHAH’s user analytics and should capture the
experiences of patients or their family members. The study team
dedicated effort to concealing the participants’ identities by not
involving research team members who are also HHC or RAHAH
administrative figures in the focus group or analysis phases.

Conclusions
The study results illustrate the importance of improving
awareness among the public and health care teams to reassure
the patients and caregivers that their privacy and preferences
with respect to the socioreligious culture are vital. HCWs should
remind caregivers of the importance of following a proper
handover of care, should the need arise. Furthermore, because
caregivers are not always professionally trained in nursing and
personal characteristics affect their capabilities, it is crucial that
HCWs communicate directly with family members, providing
a summary of the teleconsultation conducted in their absence.
More research could focus on the feasibility of using interpreters
to improve the care provided via telehealth.
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Abstract

Background: Early in 2020, mental health services had to rapidly shift from face-to-face models of care to delivering the
majority of treatments remotely (by video or phone call or occasionally messaging) due to the COVID-19 pandemic. This resulted
in several challenges for staff and patients, but also in benefits such as convenience or increased access for people with impaired
mobility or in rural areas. There is a need to understand the extent and impacts of telemental health implementation, and barriers
and facilitators to its effective and acceptable use. This is relevant both to future emergency adoption of telemental health and to
debates on its future use in routine mental health care.

Objective: To investigate the adoption and impacts of telemental health approaches during the COVID-19 pandemic, and
facilitators and barriers to optimal implementation.

Methods: Four databases (PubMed, PsycINFO, CINAHL, and Web of Science) were searched for primary research relating to
remote working, mental health care, and the COVID-19 pandemic. Preprint servers were also searched. Results of studies were
synthesized using framework synthesis.

Results: A total of 77 papers met our inclusion criteria. In most studies, the majority of contacts could be transferred to a remote
form during the pandemic, and good acceptability to service users and clinicians tended to be reported, at least where the alternative
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to remote contacts was interrupting care. However, a range of impediments to dealing optimal care by this means were also
identified.

Conclusions: Implementation of telemental health allowed some continuing support to the majority of service users during the
COVID-19 pandemic and has value in an emergency situation. However, not all service users can be reached by this means, and
better evidence is now needed on long-term impacts on therapeutic relationships and quality of care, and on impacts on groups
at risk of digital exclusion and how to mitigate these.

Trial Registration: PROSPERO International prospective register of systematic reviews CRD42021211025;
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021211025

(J Med Internet Res 2021;23(12):e31746)   doi:10.2196/31746

KEYWORDS

telemental health; COVID-19; remote care; telemedicine; mental health; systematic review, implementation science

Introduction

Since the onset of the COVID-19 pandemic in the first few
months of 2020, most countries have experienced a severe
disruption of mental health service delivery in its usual forms
[1]. Community-based outpatient, day and home treatment
programs, prevention and mental health promotion programs,
and services for specific age groups, such as older adults,
children, and adolescents and people with substance misuse
problems, have been among those severely affected at a time
of potentially increased demand due to the adverse mental health
consequences of the pandemic [2,3].

Mental health care providers around the world responded to the
disruption of services in many ways, including the significant
and widely documented shift to remote delivery of mental health
services to replace in-person consultations [1,4,5]. Telemental
health, defined as “the provision of behavioral and/or mental
health care services using technological modalities in lieu of,
or in addition to, traditional face-to-face methods” [6], including
video conferencing, telephone, email or text messaging, has
been central to continuing assessment and support in the
community. Additionally, technological innovations are helping
to address isolation and service disruption in hospital and
residential settings [4,7].

Multiple research studies conducted both before and during the
pandemic have reported evidence of the effectiveness of
telemental health in reducing treatment gaps and improving
access to care for a range of service users [8-10]. Findings from
studies, often of telemental health programs established for
purposes of research, have suggested that, overall, synchronous
modalities such as video conferencing are comparable to
face-to-face delivery in terms of quality of care, reliability of
clinical assessments, and treatment outcomes and adherence
[11-15]. Good levels of service user acceptance and satisfaction
with telemental health services have also been reported [10].
Successful adoption of telemental health has been described
across a wide range of populations (adult, child and adolescent,
older people, ethnic minorities), settings (hospital, primary care,
community), and conditions [11,13,16]. For certain populations,
including some with autism and severe anxiety disorders, and
those with physical disabilities or geographical barriers to
accessing services, telemental health can be preferable for some
service users [6,17], although individuals experiencing

significant social disadvantage or severe mental health problems,
such as psychosis, have been found to benefit less [18]. Research
suggests that telemental health can also work for group
interventions [19]. The attitudes of clinicians who have delivered
care via synchronous telemental health appear to be largely
positive, with professionals finding it both effective and
acceptable [20] and recognizing its potential to enhance
communication within and between mental health teams [4,7].
There is also some positive health economic evidence, with
several studies suggesting telemental health is no more
expensive than face-to-face delivery and tends to be more
cost-effective [12]. This approach also appears to be a viable
and inexpensive treatment option where access to emergency
services is limited, and associations have been found with
reduced psychiatric admissions [10].

However, despite this evidence base, integration of telemental
health approaches into routine mental health care or the
widespread adoption of remote working across whole systems
has rarely been reported. Even during the pandemic, adoption
of such technologies has been piecemeal, with utilization varying
substantially both between and within countries [1,7].
Technological barriers to the wider adoption of telemental health
include (1) the risk of digital exclusion of some service users,
such as those facing significant social disadvantage or with
limited technological access and expertise, and (2) the lack of
technological infrastructure and clear protocols within services,
impeding the integration of telemental health with face-to-face
care [4,21,22]. Other barriers include difficulty in establishing
and maintaining therapeutic relationships and in conducting
high-quality assessments; service users who lack private space
or find participating in sometimes intimate and distressing
discussions from home intrusive [4,11,12,18,21-23]. A range
of other ethical, regulatory, technological, cultural, and
organizational barriers have also been identified, both before
and during the pandemic [12,24-27].

The widespread emergency adoption of telemental health since
the onset of the pandemic has generated a substantial literature.
Numerous commentaries, service evaluations and reports of
telemental health innovations, and service user, carer and staff
experiences, in addition to a growing number of research studies
addressing effectiveness and implementation issues [28-31]
have been published internationally. Clinical guidelines have
been rapidly produced in a number of countries [32].
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A synthesis of the relevant empirical evidence gathered during
the pandemic is therefore timely and informative for planning
by generating evidence of effects of adopting telemental health
across whole populations and service systems rather than in the
context of relatively small-scale research studies involving
volunteer participants. Capturing the learning and experiences
gained through the rapid shift to telemental health will help
optimize remote health care in a population that presents unique
relational challenges associated with mental distress. It will also
help to understand and overcome implementation barriers and
inform strategies for improving the flexibility, effectiveness,
and efficiency of mental health services through the sustained
integration into routine care of telemental health approaches,
to ensure that it brings the greatest benefits for patients, carers,
and staff.

The aim of this review is to synthesize the international literature
specific to remote working in mental health services (as a
replacement for or in conjunction with face-to-face service
delivery) in the context of early stages of the COVID-19
pandemic. The paper complements our previous umbrella review
(systematic review of reviews) of literature on telemental health
prior to the COVID-19 pandemic [15]: focusing on the literature
from the pandemic period allows us to identify specified learning
from the very wide implementation that occurred during this
period. Our research questions are as follows:

1. What evidence has been obtained during the COVID-19
pandemic regarding the effectiveness and cost-effectiveness
of telemental health and regarding its safety (including
adverse events due to breaches of privacy and safety)?

2. What coverage has been achieved through telemental health
adoption in the pandemic (including extent of adoption by
services and reach among clinical populations in which it
is adopted); in which groups and for which service settings
is telemental health more or less likely to be implemented
successfully; what are potential risks associated with digital
exclusion for those not reached; and what barriers and
facilitators influence success in implementation?

3. How acceptable are telemental health approaches to service
users, carers, and staff as applied during the pandemic,
including perceived impacts on therapeutic relationships,
communication, and privacy?

4. What innovations and improvements have been introduced
to make clinical care via telemental health more effective
and acceptable, achieve greater coverage, and address
barriers to delivering care in this way? (This includes
descriptions and evaluations of specific strategies designed
to make telemental health work better than usual delivery,
and of adaptations of telemental health to specific settings,
such as inpatient wards and crisis services).

Methods

A systematic review was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [33]. The protocol for this review was
registered with PROSPERO (CRD42021211025).

Search Strategy
Four electronic databases (PubMed, PsycINFO, CINAHL, and
Web of Science), preprint servers medRxiv, PsyArXiv,
Wellcome Open Research, and JMIR were searched for research
relating to COVID-19, mental illness, and remote working from
January 1 to December 9, 2020. An example search strategy
can be found in Multimedia Appendix 1.

This search was supplemented by searching the references listed
in included studies for any additional studies that met our
inclusion criteria.

Screening
The resulting list of articles was deduplicated using Endnote
[34] and all references were imported into Rayyan [35] for title
and abstract screening. Full texts were sourced for articles
deemed relevant for inclusion, and these were screened against
the full review eligibility criteria. To establish consistency in
study selection, title and abstract screening was conducted by
4 reviewers (MS, ZH, JH-S, and LSR), with 100% of included
and 25% of excluded references checked by another reviewer
(RA). Full texts were screened by 3 reviewers (RA, MB, and
MS), with 100% of included and 25% of excluded papers
checked by another reviewer (task divided between LG, HJ,
JW, PB, and LSR). Any disagreements were resolved through
team discussion.

Inclusion Criteria

Participants
Staff working within the field of mental health, people receiving
organized mental health care for any condition (including
addictions, dementia, and intellectual disability), family
members or carers of people receiving mental health care
(regarding their views on the impact of remote working on the
service user, and interventions aimed at reducing carer distress).
There are no age restrictions on participants in this review.

Interventions
Any form of spoken or written communication carried out
between mental health professionals or between mental health
professionals and service users/family members/unpaid carers
or peer support communications using the internet, the
telephone, text messaging platforms, or hybrid approaches
combining different platforms.

Comparator(s)/Control
Any mental health communication delivered face-to-face,
digitally or remotely, waitlist control, or placebo. Studies
comparing different modes of delivery during the pandemic,
and those comparing care delivery and outcomes during the
pandemic with those before the pandemic were included.
Relevant studies with no comparator were also included.

Outcomes
Qualitative and quantitative outcomes describing implementation
effectiveness (including process evaluations) and barriers and
facilitators to digital engagement, clinical effectiveness,
cost-effectiveness, acceptability (including service user, carer,
and staff satisfaction), impacts on communication and
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therapeutic relationships, coverage and impacts of digital
exclusion, interventions to improve quality or coverage,
improvements in quality of life, and economic impacts.

Design
Any papers that present qualitative or quantitative data from
study designs of any type (including relevant service evaluations
and case series). If the focus of the study was not solely remote
working but the results section contained substantial data
relevant to our research questions, these were also included.
Any relevant reviews identified in the searches were checked
for included research which met our inclusion criteria.

Exclusion Criteria
We excluded studies that were (1) not specific to the pandemic
response; (2) reporting on interventions with patients with
primary sleep disorders; (3) reporting on those with subclinical
symptoms (unless combined with another included mental health
problem); (4) focused on digital interventions such as apps,
websites, and virtual reality tools, except where the sole purpose
of the digital intervention was to facilitate direct spoken or
written communication; (5) focused on interventions aimed at
improving the mental health or well-being of health care
professionals; and (6) editorials, opinion pieces, guidance
documents, protocols, conference abstracts, and letters, with
the exception of editorials or letters which contained primary
research findings.

No language or location restrictions were applied in this review.

Data Extraction
Data extraction was supported by well-established
implementation science frameworks. A data extraction form
was developed based on a brief version of the Consolidated
Framework for Implementation Research (CFIR) [36] and the
taxonomy of implementation outcomes [37]. We used the
higher-level CFIR constructs (see Table 2 in section Barriers
and Facilitators to Telemental Health for a brief definition of
each one of the implementation facets that CFIR constructs
capture) to extract data on factors influencing implementation
success [38], and the taxonomy of implementation outcomes
including acceptability, adoption, and feasibility. We also
extracted information deemed relevant based on previous studies
conducted by the research team, including an umbrella review
of pre-COVID-19 systematic reviews on telemental health and
a qualitative study [15,21]. Data extracted consisted of study
details, including design and focus of study; gender, ethnicity,
age; diagnosis of participants; details of staff occupation; setting
and context of study; intervention details, implementation
outcomes (including acceptability, adoption, appropriateness,

feasibility, fidelity, cost effectiveness, penetration, and
sustainability); barriers and facilitators to implementation; and
clinical and safety outcomes. The full data extraction form can
be viewed in Multimedia Appendix 1.

Data extraction was completed by 9 reviewers (AP, JW, MS,
ER, RA, MT, JM, SS, HJ, approximately 8 studies each) using
EPPI-Reviewer 4 [39]. All reviewers were trained on how to
extract data to ensure consistency, and extracted data were
checked by a second reviewer (RA & NVSJ). The extraction
form was first piloted on 9/77 (12%) of included studies to
assess usability and content, with amendments made before
completing extraction for the whole data set.

Quality Appraisal
Given the diversity of the included article types and methods,
2 quality appraisal tools were used. Primary research studies
were assessed with the Mixed Methods Appraisal Tool (MMAT)
[40]. Commentaries and service evaluations were assessed using
AACODS (authority, accuracy, coverage, objectivity, date,
significance) tool, which appraises the veracity, clarity,
acknowledgement of bias, and relevance of the contribution to
the field [41]. Study quality was assessed by RA and verified
by NVSJ. Disagreements were resolved through discussion.

Evidence Synthesis
We conducted a framework synthesis of study characteristics
and outputs. Study outcomes were tabulated by applying existing
implementation science frameworks, that is, the CFIR
framework [36], Proctor et al’s [37] taxonomy of
implementation outcomes; and also by relevant topics/themes
that emerged during data extraction. This table-based synthesis
of the study outcomes combined a deductive and inductive
approach to data analysis by using existing frameworks, while
identifying emerging themes. Results reported in this paper
include a narrative synthesis of the study characteristics and
quantitative study outputs [42] and the tabulated results.

Results

Study Selection
A total of 3956 references were identified through searching
databases of published papers. medRxiv was the only preprint
database where included papers were found (n=10); 1 more
relevant paper was identified by a member of the research team
and a further paper was found through reference searching of
included studies.

A PRISMA flow diagram [33] of the screening and selection
process is presented in Figure 1.
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Figure 1. PRISMA diagram showing screening and included studies.

Quality of Included Studies
The quality of included primary research studies was moderate
to high: 23 out of 48 studies appraised using the MMAT met
above 80% of quality criteria, whereas 21 out of 48 met between
50% and 79%. The quality of included service evaluations or
audits was generally high: 27 out of 29 studies appraised using
the AACODS met at least 4 out of the 6 quality criteria assessed.
These include being written by recognized experts; including
reference lists; having a clear aim; stating details such as date,
location, and limitations; and making a meaningful contribution
to the research literature.

Study Characteristics
Of the 77 studies which were eligible for inclusion in the review
(Table 1), 45 were primary research studies, 24 were service
evaluations or audits, and 8 were editorials or letters that
included data. Thirty-three were conducted in the United States,
9 in the United Kingdom, and 5 each in Australia, Canada, and
Spain. Five were conducted across more than 1 country.

Of the 45 primary research studies, 32 involved staff and 9
involved service users. The remaining 4 analyzed service use
data (3 evaluated contacts with hotlines and 1 evaluated service
use in 1 UK National Health Service [NHS] service provider).

Most studies were conducted in services that worked with people
with mixed psychiatric diagnoses (n=30), although we also
found studies conducted with groups with a single diagnosis
(eg, dementia or eating disorders). Studies could include more
than 1 service type, the most commonly studied being
community mental health teams (CMHTs) or outpatient settings
(n=39), followed by psychology or psychotherapy services
(n=17). Inpatient or residential services were included in 15
studies, while 12 included general hospitals. Eight studies
included private hospitals or clinics, while 4 explored telemental
health use in helplines, voluntary sector services, crisis teams,
or veterans’ health services, respectively. Five studies did not
report any specific setting.

The aims of most studies were either a description of changes
made due to the pandemic, new services set up because of the
pandemic, or an evaluation of the impact of the pandemic on
either staff or service users. The descriptions of changes either
focused specifically on the move to telemental health or were
wider descriptions of changes to services including the use of
telemental health. The characteristics of each of the included
studies are shown in Table 1, with a more detailed summary in
Multimedia Appendix 2.
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Table 1. Study characteristics.

Participants

(sample size)

Mental health problem/diagnosisModality usedAim of studyStudy

Staff (n=144)Not statedVaSurvey of therapists’ experiences of
video therapy during the pandemic

Aafjes-van Doorn et al [43]

StaffDepression, posttraumatic stress
disorder

V, Pb, TMc, Ed, MeDescription of transition to
telemedicine

Anton et al [44]

StaffMixedVDescription of transition to
telemedicine

Barney et al [45]

Staff (n=145)MixedVSurvey of psychotherapists’ attitudes
toward online psychotherapy

Békés et al [46]

Staff (n=190)MixedV, PSurvey of psychoanalytical therapists’
experiences of videoconference therapy
during the pandemic

Békés et al [47]

StaffDementiaV, P, TMDescription of service changes due to
the pandemic

Benaque et al [48]

General population
(15,170 calls)

MixedPDescription of the use of a psychologi-
cal helpline

Berdullas Saunders et al [49]

Staff (n=158)DementiaNAfSurvey of staff perspectives on delivery
of services to older adults during the
pandemic

Bhome et al [50]

Staff (n=11)MixedV, TM, OgInterviews with health professionals on
the sustainability of online treatment
after the pandemic

Bierbooms et al [51]

Staff (n=308)MixedV, P, MSurvey of psychotherapists’experience
with telepsychotherapy during the
pandemic

Boldrini et al [52]

Service users
(n=22)

MixedNAInterviews with people with mental
health conditions on their experience
during the pandemic

Burton et al [53]

Staff (n=71)MixedNASurvey to explore the impact of the
pandemic on the functioning of mental
health services

Carpiniello et al [54]

Service users (n=6)Psychosis and bipolarVEvaluation of a crisis intervention for
patients diagnosed with psychosis

Cheli et al [55]

NA (description of
service change)

MixedV, PDescription of changes made to mental
health services due to the pandemic

Chen et al [56]

Service usersMixedV, PDescription of changes made in an
outpatient psychiatric service due to
the pandemic

Childs et al [57]

Service usersMixedV, PEvaluation of teleconsultation during
the pandemic

Colle et al [58]

NA (description of
service change)

MixedV, PDescription of changes to services
during the pandemic

Connolly et al [29]

NA (description of
service change)

Eating disordersVDescription of transition to telehealth
during the pandemic

Datta et al [59]

Staff (n=108)MixedV, P, O, EExploration of mental health profession-
als’attitudes regarding information and
communications technology use

Dores et al [60]

StaffMixedVExploration of use of telehealth in a
student counseling service during the
pandemic

Erekson et al [61]

Staff (n=51)MixedV, P, O, EExploration of staff experiences of on-
line treatment during the pandemic

Feijt et al [62]
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Participants

(sample size)

Mental health problem/diagnosisModality usedAim of studyStudy

Service users
(n=121)

Eating disordersNASurvey on the impact of the pandemic
for people diagnosed with an eating
disorder

Fernandez et al [63]

StaffMixedV, PExploration of the impact of the pan-
demic on mental health nurses

Foye et al [64]

Staff (n=1196)NAV, PExploration of the impact of the pan-
demic on music therapy professionals

Gaddy et al [65]

Service usersMixedV, P, TMExploration of the experiences of peo-
ple with mental health problems during
the COVID-19 pandemic

Gillard et al [66]

Service usersSubstance abusePDescription and review of the imple-
mentation of remote working in an ad-
diction outpatient service

Gomet et al [67]

Service users
(n=365)

Child and adolescent eating disor-
ders

V, P, MExploration of the impact of the pan-
demic on a child and adolescent eating
disorders service

Graell et al [68]

Service usersPsychosis and bipolarP, TMEvaluation of the monitoring of patients
with schizophrenia on clozapine during
the pandemic

Grover et al [69]

Staff (n=396)MixedV, PEvaluation of the impact of the pandem-
ic on mental health services in India

Grover et al [70]

Staff (n=109)MixedV, PEvaluation the impact of the pandemic
on mental health services in India

Grover et al [71]

Service users
(n=28)

MixedMEvaluation of the satisfaction of pa-
tients with telepsychiatry due to the
pandemic

Haxhihamza et al [72]

NAGeneral populationV, P, M, OEvaluation of a psychological interven-
tion program

He et al [73]

Staff and service
users

MixedVDescription of the development of a
virtual program for an acute psychiatric
population

Hom et al [74]

Staff (n=338)NAV, P, E, MSurvey of psychotherapists’ views on
working during the pandemic

Humer et al [75]

Staff (n=1547)NAVSurvey of psychotherapists view on the
use of the internet during the pandemic

Humer et al [76]

Staff (n=157)NAV, PSurvey of the impact of the pandemic
on mental health experts

Izakova et al [77]

Staff (n=2180)MixedV, P, MSurvey of the experiences of mental
health staff during the pandemic

Johnson et al [7]

Staff (n=8)MixedV, P, MExploration of how the pandemic affect-
ed mental health services

Jurcik et al [78]

Staff (n=21)Posttraumatic stress disorderV, P, MDescription of services changes in a
trauma service during the pandemic

Khanna et al [79]

NA (description of
service change)

MixedV, PDescription of the transition to tele-
health in a community mental health
service

Kopec et al [80]

Service users
(n=60)

DementiaV, PEvaluation of the benefits of telehealth
to people with dementia and their car-
ers

Lai et al [81]

Staff (n=28)Personality disorderV, P, MExploration of providing dialectical
behavior therapy using telehealth tech-
nology

Lakeman and Crighton [82]

NA (evaluation of
a new service)

General populationP, TMEvaluation of psychological hotline
services set up during the pandemic

Lin et al [83]
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Participants

(sample size)

Mental health problem/diagnosisModality usedAim of studyStudy

StaffMixedV, P, MEvaluation of the use of psychiatry
telehealth in smaller states

Looi et al [84]

StaffMixedV, P, MEvaluation of the use of psychiatry
telehealth in larger states

Looi et al [85]

Service users
(n=64)

Psychosis and bipolarVDescription of change to telehealth in
a service for people with psychosis

Lynch et al [86]

Staff (n=335)MixedV, P, TM, EExploration of the experiences of psy-
chotherapists working remotely during
the pandemic

McBeath et al [87]

NA (description of
service change)

MixedVDescription of the change to telehealth
in a service for people with serious
mental illness

Medalia et al [88]

Staff (n=24)MixedV, PEvaluation of the engagement with
telehealth of people with severe mental
illness during the pandemic

Miu et al [89]

Staff (n=26)MixedPSurvey of psychiatrists’ experience of
remote consultations

Olwill et al [90]

NA (description of
whole service)

MixedNAAnalysis of health record data on the
impact of remote consultation during
the pandemic

Patel et al [91]

NA (6800 interven-
tions)

General populationV, P, TMEvaluation of the effectiveness of tele-
consultation use during the pandemic

Peralta et al [92]

Staff (n=2619)MixedV, PSurvey of the impact of telepsychology
use by psychologists before and during
the pandemic

Pierce et al [93]

Staff (n=1547)MixedPInvestigation of changes to psychother-
apy compared with the months before
the pandemic

Probst et al [94]

Staff (n=903)MixedNASurvey to understand change in practice
by health care staff during the pandem-
ic

Reilly et al [95]

Service users
(n=21)

DementiaNAInterviews to understand the experience
of people with dementia during the
pandemic

Roach et al [96]

NA (description of
service change)

MixedV, P, MDescription of the response of a mental
health network to the pandemic

Roncero et al [97]

NA (description of
service change)

MixedV, PDescription of transition to telemental
health services

Rosen et al [98]

NA (description of
service change)

MixedV, P, EDescription of implementation of
telepsychiatry in a psychiatric practice

Sasangohar et al [99]

NAMixedVDescription of changes made by a psy-
chological service during the pandemic

Scharff et al [100]

Service users
(n=55)

Eating disordersNASurvey to investigate the impact of the
pandemic on patients with bulimia
nervosa

Schlegl et al [101]

NAPosttraumatic stress disorderV, ODescription of providing trauma-fo-
cused treatment using telehealth during
the pandemic

Sciarrino et al [102]

Service users (n=5)OCDVDescription of change to services for
people with obsessive compulsive dis-
order during the pandemic

Sequeira et al [103]

Service users
(n=244)

MixedV, PSurvey of patients using a mental
health service to explore decisions to
accept or decline telepsychiatry

Severe et al [104]
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Participants

(sample size)

Mental health problem/diagnosisModality usedAim of studyStudy

Staff (n=105)Child and adolescent servicesV, PDescription of the implementation of
a home-based telemental health service
during the pandemic

Sharma et al [28]

Staff (n=648)Intellectual disabilitiesNASurvey of the experiences of staff
working with people with intellectual
and other developmental disabilities

Sheehan et al [105]

StaffNANAExploring the impact of the pandemic
on mental health services in Indiana

Sklar et al [106]

Service users
(n=1021)

Eating disordersNASurvey to evaluate the impact of the
pandemic on people with eating disor-
ders

Termorshuizen et al [107]

Staff (n=20)MixedV, PInterviews with psychiatrists to under-
stand how change in delivery has affect-
ed mental health care

Uscher-Pines et al [108]

Staff (n=18)Opiate use disorderV, PInterviews with clinicians to understand
the experience of using telemedicine
for opiate use disorder

Uscher-Pines et al [109]

StaffMixedVDescription of transforming a day-
treatment program for older people into
an online program

van Dijk et al [110]

Staff (n=329)MixedV, PSurvey to compare Chinese and US
practitioners’attitudes toward telether-
apy during the pandemic

Wang et al [111]

Staff (n=363)Perinatal servicesV, P, MSurvey to explore staff perceptions of
the impact of the pandemic on perinatal
services

Wilson et al [112]

Service users (n=7)Psychosis and bipolarVDescription of the implementation of
group teletherapy for people with first-
episode psychosis

Wood et al [113]

Staff and service
users (n=60 thera-
pist/service user
dyads)

Attention deficit hyperactivity
disorder

V, PExploration of the experience of thera-
py sessions for people with attention
deficit hyperactivity disorder and their
therapists during the pandemic

Wyler et al [114]

NA (description of
service change)

MixedV, PDescription of the rapid conversion of
an outpatient psychiatric clinic to a
telepsychiatry clinic

Yellowlees et al [115]

Service users
(n=314)

MixedPAudit to understand the move to tele-
phone support for people using a com-
munity mental health team

Zulfic et al [116]

aV: video.
bP: phone.
cTM: text message.
dE: email.
eM: mobile.
fNA: not applicable/not stated.
gO: other.

Data Synthesis

Barriers and Facilitators to Telemental Health
Implementation barriers and facilitators were categorized using
a condensed version of the CFIR framework (see Table 2, where

definitions of the CFIR constructs are also provided). The key
findings are summarized below.
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Table 2. Implementation barriers and drivers for telemental health grouped according to condensed CFIRa domains.

Example referencesFindingsCFIR domain

[43,51,56,86,108,109]Intervention characteristics:
Whether the intervention was

• Remote care had advantages over face-to-face, for example, making therapy more
accessible for certain groups such as service users in remote locations; saving users
money on travel; helping therapists get a better idea about the service users’ homeinternally/externally developed,
environment; some users benefitted from the distance, found it easier to communi-evidence supporting the inter-
cate openly, and became more independent.vention, advantages compared

with other methods of delivery, • The main barriers for clinicians to deliver quality therapy were picking up on
nonverbal cues, assessing mental health symptoms, keeping service users engaged.adaptability, trialability, and

complexity • Video and phone calls were the most common modalities; however, studies also
reported the use of emails, instant messaging services, apps, videos, and forums.

• Duration of telemental health appointments were shorter than face-to-face; clinicians
reported it required more concentration and was more tiring.

• In some cases, studies have reported using shorter but more frequent appointments
to deal with challenges in remote working (eg, some service users struggling to
stay focused). This was also used as a method to increase flexibility.

• Frequent contacts between sessions helped to build the therapeutic relationship.

[29,56,57,75]Outer setting: Information on
whether the organization is

• Implementation was commonly due to “stay at home” orders or national lockdowns,
or a high level of COVID-19 cases in that area resulting in social distancing require-
ments.networked with others, peer

pressure to implement interven- • In the United States, health insurers did not always cover telemental health care,
whereas in some European countries, insurance cover for telemental health termi-tion, and external policies and

incentives nated at the end of the first wave of infections.
• Telehealth service delivery was eased by the relaxation of policy and billing reim-

bursements during this time.
• Professional bodies facilitated transition to telehealth by posting guidelines on their

websites to assist clinicians.
• Platform developers worked rapidly to increase capacity.
• Clinicians identified the need for a video tool that adheres to privacy standards and

links with a technical helpdesk.
• There were also concerns over the reduction in services to support the physical

health needs of mental health service users.

[76,100,102,105]Inner setting: Information on
the structural characteristics,

• Overall, all settings had sufficient capacity to shift to some delivery of telemental
health in a short period.

networks and culture of an orga-
nization, as well as the imple-
mentation climate (eg, capacity
for change)

[43,52,111]Staff characteristics: Informa-
tion on the following psycholog-

• There was some variation in acceptability of remote ways of working for staff de-
pending on their therapeutic approaches.

ical attributes and also on any • Telemental health take-up was dependent on perceived experience of patient
(positive or negative), comfort with online platform, previous clinical experience.effects of staff demographic

and professional backgrounds • Some staff felt less confident about professional skills during online compared
with in-person consultations, especially those with less clinical experience and
those who perceived their patients disliked remote care.

[7,28,44,45,50,59,61,62,
74,105,112,115]

Process: Training provided and
any processes put in place to
support telemental health inter-

• The transition to telemental health occurred usually over a short period.
• Training staff to use platforms was mentioned frequently, as was phoning service

users to let them know about the transition to telemental health and how care would
vention, planning, and feedback
on progress of implementation

be provided going forward.
• Methods of staff training included courses, shadowing or observing senior col-

leagues, discussion within clinical teams, facility-level telehealth coordinators,
clinical champions providing training, and webinars.

• Sources of information for staff: colleagues, government guidelines, prepared
consent forms, posts on listservs, American Psychological Association, and other
official guidelines.

• New workflows had to be developed to allow staff to access patient records remote-
ly.

• Despite some training, staff reported lack of support and identified training needs
across several studies regarding how to use online platforms and meeting privacy
regulations.
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Example referencesFindingsCFIR domain

[50,62,77,86,98,116]• A commonly reported issue was access to technology, particularly among service
users with diagnoses such as schizophrenia, service users with a lower socioeco-
nomic status, and older adults (one study mentioned that older adults often lacked
access to video software, so preferred phone calls).

• Concerns around privacy and confidentiality, and forming a therapeutic relationship
may be more difficult when using remote care.

• Difficulties for service users to concentrate within a digital environment.
• Several studies mention the need for an agreed “Zoom etiquette” for service users,

including attire, audio/visual setup, and reducing background distractions.
• Stable internet connection was a problem for some service users.
• Some clients benefitted from the distance created by online treatment, as they be-

came less inhibited and less dependent on therapist.

Service user needs/resources:
Statements demonstrating
awareness of the needs and re-
sources of those served by the
organization (eg, barriers and
facilitators and feedback)

aCFIR: Consolidated Framework for Implementation Research.

Intervention Characteristics

Video and phone calls were the most common modalities used
for remote care; studies also reported the use of emails, instant
messaging services, apps, prerecorded videos and forums
(further details about the modality used in each study can be
found in Table 1).

When comparing remote care with traditional face-to-face
settings, studies identified advantages for both methods. Benefits
for remote care included being more convenient (for both staff
and service users), making care more accessible to groups who
may previously have been excluded, reducing travel (resulting
in both time and cost savings), and helping clinicians understand
more about the service user, as they had more insight into their
home lives. A further benefit is that more family members were
readily able to attend family therapy or family education sessions
since care was moved online (eg, [43]). However, clinicians
reported difficulties in picking up on nonverbal cues in remote
compared with face-to-face care, and that remote care could
sometimes require more concentration.

Outer Setting

Services commonly implemented remote methods of working
due to “stay at home” orders or national lockdowns, or due to
a high level of cases in their local area. Overall, all settings
described in papers had sufficient capacity to make a rapid shift
to remote forms of care. Several studies in the United States in
particular mentioned the impact of health insurance regarding
uptake of telemental health (eg, [56]), as not all insurance
providers covered remote care. However, this did change during
the course of the pandemic as telemental health delivery was
eased by the relaxation of policy and billing reimbursements
[56,75]. The change from face-to-face to remote delivery of
care was also facilitated by professional societies who posted
guidelines on their websites to assist clinicians.

Staff Characteristics

Enablers for clinician uptake included supporting clinicians by
ensuring supervision, supportive leadership, clear
communication, keeping track of clinicians’ needs, optimizing
physical space for comfort and privacy (eg, using headphones
or ergonomic seating), and arranging times away from the
computer.

However, staff in several studies reported a lack of initial
training for telemental health, and therefore identified training
needs regarding the use of online platforms and meeting privacy
regulations in particular. In some studies, having no previous
experience with telemental health was also found to be
associated with higher anxiety [43] and lower uptake [52] of
remote care. However, others found that previous experience
did not impact clinicians’ views of telemental health during the
pandemic [47].

Process

As telemental health was not commonly used in most services
before COVID-19, staff had to rapidly adjust to a new way of
working. Several studies discussed the training which was put
in place for staff, which included training courses, shadowing,
or observing senior colleagues; discussion within clinical teams’
facility-level telehealth coordinators and clinical champions
providing training; webinars; and checking official guidelines.
New workflows also had to be developed to allow staff to access
patient records remotely, and service users had to be informed
about the transition to telemental health.

Service User Needs/Resources

In addition to the needs of staff, service users also identified
certain needs and resources to enable them to effectively
transition to telemental health care. A commonly reported issue
was access to technology, particularly among service users with
diagnoses such as schizophrenia (eg, [116]), older adults (eg,
[50]), and service users from lower socioeconomic backgrounds
(eg, [78]). Service users also reported problems having a stable
internet connection to allow for uninterrupted communication,
which could negatively impact the therapeutic relationship.
Concerns were also raised by both clinicians and service users
regarding privacy and confidentiality, and in some cases service
users had difficulties concentrating on remote care. Several
studies (eg, [86,98]) mentioned the need for an agreed “Zoom
etiquette” for service users, including attire, audio/visual set up,
and background distractions.

Implementation Outcomes

Outcomes of the implementation of telemental health have been
summarized below using Proctor et al’s [37] taxonomy of
implementation outcomes. Further information can be found in
Table 3.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e31746 | p.751https://www.jmir.org/2021/12/e31746
(page number not for citation purposes)

Appleton et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 3. Implementation outcomes summary findings for telemental health.

Example studiesFindingsImplementation outcome

[7,45,60,64,70,74,76,78,87,91,94,96,97,100,104]Acceptability • Remote methods of care are acceptable to most service users and ”ex-
ceeded expectations” in terms of satisfaction, but are not viewed as a
substitute for face-to-face care.

• Clinicians and service users consider the intimacy and connection of
face-to-face care are not reproducible on virtual platforms, especially
for treatments involving nonverbal communication.

• Beyond the pandemic: further data are needed about longer-term accept-
ability, observance, quality of care, and satisfaction.

• Clinician burnout due to more appointments per day and requiring more
concentration.

[7,50,52,54,56,58,61,75,79,81,82,113,114]Adoption • Remote working was generally well adopted (most service users switched
to remote working).

• A few studies also mentioned lower levels of cancellations/no shows,
likely due to not having to travel to the service and the removal of other
barriers (eg, difficulty fitting care around school or work).

• Remote working also had the potential to result in reduced waiting times.
• Productivity was generally maintained, or in some cases even increased.
• Some studies showed no decrease, just change in modality and need to

modify psychological treatment.

[56,60,78,82,99,100,112]Appropriateness • Difficulties managing medication prescription during online consulta-
tions.

• Concerns around user engagement and assessing new patients.
• Harder to assess mental status markers such as hygiene or eye contact,

or physical symptoms (eg, of opioid withdrawal). Although it allows to
know more about home environment and behavior outside of clinic.

• Does not capture the richness of in-person interaction.
• Online felt safer for clinicians providing care to service users at risk for

violence and behavioral dysregulation.
• Not appropriate for patients with auditory or visual impairments, or with

conditions such as migraines.

[7,56,58,62,64,73,74,78,82,94,96,104]Feasibility • Links with service user and staff needs and resources, in particular
problems accessing technology/private space/stable internet connection.

• All studies reported good feasibility at least for the short-term emergency
response during the pandemic.

• However, it was not possible to use for specific therapies that require
physical presence (role play, collaborative models). Telemental health
was less suitable for treating trauma, for clients with severe anxiety,
children, and clients with cognitive impairment.

• Insurance coverage and legal aspects affected feasibility of implementa-
tion in some countries. However, most health insurances caught up and
started covering costs.

Fidelity • No studies explored this area.

[59,70,87,103]Implementation cost • Limited information about cost of intervention, suggested to be “cost
effective” without any presentation of costs.

• Reduced travel costs.

[7,54,105]Penetration • Prior to the pandemic, few services used telemental health and for those
that did, uptake was low. After the first few weeks, most or all of services
were conducted remotely.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e31746 | p.752https://www.jmir.org/2021/12/e31746
(page number not for citation purposes)

Appleton et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Example studiesFindingsImplementation outcome

[43,64,85,93,95,104]• Rates of telemental health use fell as COVID-19 rates declined in the
summer of 2020. Links with findings that not all staff and service users
would want to continue using remote methods of care after the pandemic
ends.

• Flexibility is a key advantage of telemental health versus face-to-face
care.

• There are some aspects of remote working that services would like to
keep, as they provide benefits such as being more efficient and enabling
access for certain groups.

• Some barriers to remote working (such as lack of experience with online
methods of care) have been reduced, making it more likely telemental
health will continue to some extent.

Sustainability

Acceptability

Remote care was seen as satisfactory by the majority of
clinicians and service users in most studies in the context of the
pandemic. A number of studies also reported that telemental
health enabled some groups to access care who found it difficult
to engage with face-to-face support (eg, [7]). Some clinicians
reported that they would also be willing to continue with some
aspects of remote care in the future (eg, [43,77]). However, it
is important to note that while acceptability was high overall,

this was not the case for all groups; for example, Grover et al
[71] reported acceptability rates of around 45% for both
clinicians and service users using services in a range of settings
in India. Further details of satisfaction and acceptability
outcomes are presented in Table 4.

Telemental health services were acceptable to people during
the pandemic as a way of continuing their treatment; however,
findings from several studies also indicated that participants
wanted at least some appointments to be face-to-face once
restrictions on in-person contact had loosened.
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Table 4. Levels of acceptability of telemental health during the COVID-19 pandemic.

Acceptability dataService locationType of serviceAuthor

United States, Cana-
da, Europe (Hungary,

Psychology/psychotherapy/coun-
seling service

Aafjes-van Doorn et
al [43]

• Clinician views: Mainly positive attitudes toward video ther-
apy were reported (mean 3.42 [SD 0.50]; range: 2.31-4.69).
Views on video therapy had become more positive since theItaly, United King-
pandemic (t140=2.06, P<.05); video therapy was still vieweddom, Germany, Nor-
as somewhat less effective compared with in-person therapyway, Sweden,
(mean 2.19 [SD 0.65]; range: 1.00-4.00).Switzerland, Latvia,

Ireland) • Service user and carer views (reported by clinicians): Only
7% (n=10) thought their patients experienced video therapy
negatively. The majority perceived patient experience as either
positive (N=88, 63.8%) or neutral (N=40, 28.4%).

Canada, United
States, Europe (coun-
tries not stated)

Psychology/psychotherapy/coun-
seling service; private hospi-

tal/clinic; CMHTa and outpatient
services

Békés et al [46] • Service user and carer views (reported by clinicians): Psy-
chotherapists reported that their patients had an extremely
positive (N=20, 13.8%), positive (N=71, 49%), or neutral
(N=40, 27.6%) experience with online psychotherapy. About
7.6% of the psychotherapists thought that their patients expe-
rienced online psychotherapy somewhat negatively and none
of the psychotherapists reported an extremely negative patient
experience.

Canada, United
States, Europe (coun-
tries not stated)

CMHT and outpatient services;
psychology/psychotherapy/coun-
seling service; private hospi-
tal/clinic

Békés et al [47] • Clinician views: Challenges included technical/internet
problems (64.7%), patients not having a private space (46.8%),
risk of patient (44.7%) or therapist (26.3%) getting distracted,
difficulty feeling connected to patients (29.5%) or reading
their emotions (27.4%), difficulty keeping professional
boundaries (23.2%), and confidentiality concerns (16.3%).
About 64.2% (n=122) reported their relationships with service
users felt as authentic to before COVID-19, 46% felt as
emotionally connected, and 64% reported no change to the
therapeutic relationship.

• Service user and carer views (reported by clinicians): Most
therapists reported a positive (n=101, 53.2%) or neutral (n=55,
28.9%) patient experience, with only 34 reporting a somewhat
negative online therapy experience for their patients (25.8%).

SpainVoluntary sector/nonprofitBenaque et al [48] • Clinician views: 81% of clinical staff considered the quality
of telemedicine consultations to be either good or excellent;
75% viewed telemedicine visits as equal or better than face-
to-face consultations.

FranceCMHT and outpatient servicesColle et al [58] • Clinician views: 94.1% of psychiatrists were satisfied with
teleconsultations in this context.

• Service user and carer views: 89.5% of patients were satisfied
and 73.3% of patients spontaneously expressed their grateful-
ness for remote care.

PortugalPsychology/psychotherapy/coun-
seling service

Dores et al [60] • Clinician views: 21 (out of 71) psychologists (29.6%) consid-
ered their experiences to be neither negative nor positive.
Most of the respondents considered their experience with
digital technologies to be either positive (n=37, 52.1%) or
very positive (n=13; 18.3%). None reported their experiences
as negative.

IndiaCMHT and outpatient servicesGrover et al [69] • Service user and carer views: 75.5% of patients and family
members were satisfied they could remain in touch with the
treating doctor. A quarter of patients had difficulty in
procuring clozapine, with clozapine not being available in
their locality in 15% of cases and 3.4% having to switch their
brand. 25% were able to get the absolute neutrophil count
done in the previous month.
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Acceptability dataService locationType of serviceAuthor

• Service user and carer views (as reported by clinicians): 21%

reported that non-HCWsb in quarantine were dissatisfied,
19.9% reported that HCWs in quarantine were dissatisfied,
and 13.5% reported that HCWs working with patients with
COVID-19 were dissatisfied.

• Clinician views: Participants rated their satisfaction with the
services they were currently providing to their patients with
a mean of 45.8% (SD 28.6) on a Likert scale from 0 to 100.

IndiaCMHT and outpatient services;
inpatient mental health service;
private hospital/clinic

Grover et al [70]

• Clinician views: Overall satisfaction with the mental health
services being catered; the participants rated their mean level
of satisfaction as 46.6% (SD 27.6).

IndiaMedical colleges, government-
funded institutes, general hospital
psychiatry units

Grover et al [71]

• Service user and carer views: 20/28 strongly agreed/agreed
that the medical care received was just about perfect; 4 pa-
tients agreed that they were dissatisfied with some things
about their medical care (1 strongly agreed and 3 agreed); 20
(strongly) agreed that they can get medical care whenever
they need it; 20 (strongly) agreed that they have easy access
to medical specialists; 4 (strongly) agreed that the wait for
emergency treatment was too long.

MacedoniaDay hospitalHaxhihamza et al [72]

• Service user and carer views: Feedback from clients demon-
strated that more than 50% felt their negative emotions, such
as anxiety and depression, were relieved.

ChinaHelplines; online media pro-
grams

He et al [73]

• Service user and carer views: Patients who have been dis-
charged thus far (n=10) have also expressed confidence in
their aftercare plans; 2 patients who completed the exit survey
reported very positive experiences and both rated their care
as 9/10.

United StatesPrivate hospital/clinicHom et al [74]

• Clinician views: 69.4% of them have considered it as an ade-
quate form for diagnostics and therapy in the common clinical
practice; 51.6% want to use it at a limited level with the de-
fined guidelines in future.

SlovakiaCMHT and outpatient services;
inpatient mental health service

Izakova et al [77]

• Clinician views: A majority (n=818, 74.0% of respondents)
agreed/strongly agreed that video calls were suitable to assess
progress of existing service users, but only 39.8% (n=442)
agreed/strongly agreed that they were suitable for making the
initial assessments. A majority (n=725, 65.8%)
agreed/strongly agreed that use of remote care had resulted
in not having contact with some service users who had not
engaged with remote appointments.

United KingdomAll service settings, including
inpatient, CMHTs, voluntary
sector

Johnson et al [7]

• Clinician views: 32% (n=7) stated they were not confident at

all in delivering online DBTc, 50% (n=11) reported being “a
little” confident and 4 reported feeling confident doing so;
14 respondents identified limited access to the internet, appro-
priate devices, or internet blackspots as being significant ob-
stacles to engagement.

AustraliaPsychology/psychotherapy/coun-
seling service

Lakeman and
Crighton [82]

• Service user and carer views: The telehealth acceptance rates

of the CPd subsample indicated that 90% (n=18) enrolled at
the time of conversion agreed to telehealth sessions within
10 days of the service transition.

United StatesCMHT and outpatient servicesLynch et al [86]

• Clinician views: 92% of respondents (n=24) (and 100% con-
sultants [n=12]) reported lower confidence in making a diag-
nosis. 96% (n=25) agreed that the lack of visual cues affected
their assessment of the patient; 70% agreed that they found
it more difficult to consider discharging a patient; 88% agreed
they found it more difficult to establish a therapeutic alliance
with new patients.

IrelandCMHT and outpatient servicesOlwill et al [90]
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Acceptability dataService locationType of serviceAuthor

Sheehan et al [105] • Clinician views: 53.3% reported concerns of having to adapt
too quickly to new ways of working; 37.9% reported having
to learn new technologies too quickly or without sufficient
training or support; 45.3% raised concerns around engaging
patients with learning difficulties or autism; 23.7% had con-
cerns around safeguarding or risk management; 27.9% report-
ed greater workload than usual.

United KingdomCMHT and outpatient services

• Clinician views: Before COVID-19, 25% of US psychoana-
lytic practitioners felt mainly negative about teletherapy and
36% felt mainly positive, as compared with only about 9%

and 47% of CAPAe practitioners, respectively; during the
pandemic about 23% of US psychoanalytic practitioners felt
mainly negative about teletherapy and about 37% felt mainly
positive, compared with about 2% and about 58% of CAPA
practitioners, respectively.

United States and
China

Not stated/unclearWang et al [111]

• Clinician views: Staff reported feeling less able to assess
women attending the perinatal mental health service using
telemedicine, particularly their relationship with their baby
(43.3%, 90/208), and to mobilize safeguarding procedures
(29.4%, 62/211).

United KingdomCMHT and outpatient services;
crisis and emergency mental
health services; inpatient mental
health service

Wilson et al [112]

aCMHT: community mental health team.
bHCW: health care worker.
cDBT: dialectical behavior therapy
dCP: complex psychosis
eCAPA: China American Psychoanalytic Alliance.

Adoption

Adoption rates were relatively high across studies, with most
services or clinicians moving their appointments to remote
methods. Rates of adoption of telemental health for service
users who were already receiving care at the start of the
pandemic ranged from 48% [89] to 100% [44,67,110]. Some
studies reported face-to-face appointments still took place if
necessary, for example, for initial assessments or for medication
reviews (eg, [116]). Most studies that examined impact on
attendance reported no adverse effects on attendance rates after
introducing telemental health: there was either no difference in
missed appointments when comparing remote with face-to-face
care [45,86], or nonattendance after adoption of telemental

health decreased [79,91,103]. Further details about adoption of
telemental health across studies can be found in Table 5.

While most studies reported high adoption rates, a few studies
reported a decrease in attendance: for example, Erekson et al
[61] (though possibly because of the university setting) and
Dores et al [60] identified challenges in retention due to low
client adherence, lack of privacy, interruptions at home, lack of
appropriate technology, or simply preference for face-to-face
contact.

There was also evidence to indicate that adoption rates of
telemental health fell as COVID-19 cases decreased (eg,
[84,85]).
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Table 5. Levels of adoption and coverage of telemental health during the COVID-19 pandemic.

Adoption/coverage dataService locationType of serviceAuthor

77% (n=20) of those approached via telephone enrolled in the program,
higher than the observed in-person rates of 61%. 80% of patients who

United StatesGeneral hospital/physical
health service

Anton et al [44]

were contacted by phone in the hospital agreed to be enrolled, lower than
the 98% success rate when staff approaches patients in person at the bed-
side.

100% of patients who received in person care and 100% on the waitlist
(n=5) transitioned to telepsychotherapy.

The percentage of provider telemedicine visits increased from 0% to 97%.
The number of overall clinic visits did not decline when compared with
that a year before (337 visits in March 2019 vs. 332 visits in March 2020),

No-show rates were comparable between remote and face-to-face care.

United StatesCMHTa and outpatient ser-
vices

Barney et al [45]

Before COVID-19 an average of 23 sessions (SD 10.58) per week were
conducted in person, 3 sessions (SD 2.28) by phone, and 1 session (SD
2.84) online via videoconferencing.

During COVID-19 an average of 7 (SD 7.91) of the in-person sessions
changed to sessions by phone, and 15 (SD 10.33) to online sessions.

Canada, United
States, Europe
(countries not stated)

CMHT and outpatient ser-
vices; psychology/psy-
chotherapy/counseling ser-
vice; private hospital/clinic

Békés et al [47]

Initially, average weekly visits dropped from 657 to 254 in the first week
after the state of alarm was declared. This drop was of 44% for follow-up
visits and 40% for on-demand consultations.

By week 16 the total number of visits (n=514; 78%) was almost up to
prepandemic levels.

SpainVoluntary sector/nonprofit
organization

Benaque et al [48]

42.1% (SD 28.9) of their psychotherapy treatments were interrupted during
the lockdown.

The remainder of their treatments was primarily delivered via online video
(63.7% [SD 38.3]) or telephone (29.1% [SD 25.3]). 7.2% (SD 15.1) of
their treatments were delivered face-to-face.

ItalyCMHT and outpatient ser-
vices; psychology/psy-
chotherapy/counseling ser-
vice; private hospital/clinic

Boldrini et al [52]

75% of appointments were switched to remote. Telehealth modalities used
were mainly phone calls (100% of the Italian Departments of Mental

ItalyCMHT and outpatient ser-
vices; inpatient mental
health service

Carpiniello et al [54]

Health), videocalls (67%), or emails (19%), with 41% of units adopting
all these means of contact.

The outpatient psychiatry division switched from under 5% virtual visits
in March 2019 to over 97% in March 2020. Productivity was maintained
at about 95% of previous levels, with 9206 virtual visits in March 2020.

Between March 30 and April 24, 2020, 30% of the virtual visits were
conducted via phone.

United StatesGeneral hospital/physical
health service

Chen et al [56]

Before COVID-19, 100% of care was delivered in person. In the first week
after shutdown, telehealth comprised 65.45% of visits (100% over the

United StatesCMHT and outpatient ser-
vices

Childs et al [57]

telephone). In the second week, 91.6% of visits were conducted using
telehealth (83.49% over the telephone and 15.6% video). By the third
week 99% of appointments used telehealth (30% using video). The per-
centage of appointments using video increased weekly, peaking at 69.9%

After 2 weeks of teleconsultations, 376 (91.0%) out of the 413 previously
planned appointments were performed.

FranceCMHT and outpatient ser-
vices

Colle et al [58]

Daily TMH-Vb encounters rose from 1739 on March 11 to 11,406 on April
22 (556% growth, 222,349 total encounters). Between March 11 and April

United StatesCMHT and outpatient ser-
vices; Veterans Affairs ser-
vice

Connolly et al [29]

22, 114,714 patients were seen via TMH-V. A total of 88,908 (77.5%)
were first-time TMH-V users.

A total of 12,342 mental health providers completed a TMH-V appointment
between March 11 and April 22; 4281 (34.7%) were first-time TMH-V
users. Daily telephone encounters rose from 6348 on March 11 to 34,396
on April 22 (442% growth).

Daily in-person encounters fell from 57,296 on March 11 to 10,931 on
April 22 (81% decrease).
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Adoption/coverage dataService locationType of serviceAuthor

During the lockdown period, 17 (15.7%) of the 108 psychologists discon-
tinued therapy and counseling; 53 (58.2%) continued to provide services
to most or all of their clients; 23 psychologists (25.3%) decreased the
number of clients they saw to a range of between 0% and 25%, and for
another 15 psychologists (16.5%) that number diminished to a range of
between 26% and 50%.

PortugalPsychology/psychothera-
py/counseling service

Dores et al [60]

Attendance rates for individual therapy temporarily dropped by about 35%
but climbed to previous levels within 2 weeks. Group therapy attendance
dropped by about 30% but did not fully recover, remaining about 15%
lower after 2 weeks. The number of clients receiving individual therapy
in 2020 dropped by 43%. Between March 22 and April 4, 2020, the service
had fewer than half the intakes of any other recent year.

United StatesPsychology/psychothera-
py/counseling service

Erekson et al [61]

Of the 869 respondents indicating current contact hours, 70.54% reported
that they were providing alternative services, including telehealth services
(54.81%), virtual music lessons (17.01%), prerecorded songs/playlists
(16.98%), and prerecorded video sessions (16.00%).

Individual services increased (mean 61.58% [SD 41.26], whereas group
services decreased (mean 24.97% [SD 37.56]).

United StatesMusic therapy serviceGaddy et al [65]

100% of service users took part in remote careFranceGeneral hospital: addiction
service

Gomet et al [67]

During the study period, a total of 1818 outpatient consultations were
carried out: 1329 (73.10%) by telephone or videoconferencing and 489
(26.9%) face-to-face.

SpainCMHT and outpatient ser-
vices; inpatient mental
health service

Graell et al [68]

The majority of the patients reported that they were in touch with their
treating doctor (81.5%), with contact initiated by the treating team in 79%
of patients.

IndiaCMHT and outpatient ser-
vices

Grover et al [69]

Use of teleservices almost doubled during the lockdown period: 206 (52%)
participants provided telecommunication services during the lockdown
period, 186 (47%) provided free tele-consultation to the general public,
and 269 (67.9%) provided free tele-consultation to their patients; 132
(33.3%) were using both voice and video calls (combination of free and
paid services), 31 (7.8%) were using only voice calls (combination of free
and paid services), and 31 (7.8%) were using only voice calls (combination
of free and paid services).

IndiaCMHT and outpatient ser-
vices; inpatient mental
health service; private hospi-
tal/clinic

Grover et al [70]

Around 25% of institutes began offering telemental health services; 45.9%
of institutes reported that telecommunication services continued during
lockdown.

Mental health services were being provided to people in quarantine (66.1%)
and those with COVID-19 infection (59.6%), family members of patients
with COVID-19, and those in quarantine (40.4%).

IndiaMedical colleges, govern-
ment-funded institutes men-
tal hospital setting, general
hospital psychiatry units

Grover et al [71]

Among all countries, the combined (personal contact + telephone + inter-
net) number of patients treated on average per week during COVID-19
(mean 18.32 [SD 12.86]) did not differ from the combined (personal contact
+ telephone + internet) number of patients treated on average per week in
the months before the COVID-19 situation (mean 19.35 [SD 13.73]),
t337=−1.506; P=.133.

Czech Republic,
Germany, Slovakia

Psychology/psychothera-
py/counseling service

Humer et al [75]

During the COVID-19 pandemic, face-to-face psychotherapy remained
the most abundant treatment modality.

AustriaPsychology/psychothera-
py/counseling service

Humer et al [75]

There was a 3% increase in appointment bookings compared with the
same period in 2019. Cancellation/nonattendance rate dropped from an
average of 19% last year to 12% for 2020

AustraliaCMHT and outpatient ser-
vices

Khanna et al [79]

Prior to COVID-19, Network180 served an average of 2390 patients/month,
which decreased to an average of 1921 patients/month during the pandemic.
This decrease was noted most significantly in crisis services (averaging
822 patients/month before COVID-19 and 640 patients/month during
COVID-19).

Telehealth increased from 5% of all services prior to COVID-19 to 84%
of all services during COVID-19. The majority of services provided via
telehealth were audio only (versus audiovisual), with a ratio of 1.9:1 for
crisis services and 4:1 for noncrisis services.

United StatesCMHT and outpatient ser-
vices

Kopec et al [80]
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Adoption/coverage dataService locationType of serviceAuthor

Percentage of consultations conducted using telemental health—ACT:
62% (April), 58% (May); NT: 53% (April), 51% (May); SA: 69% (April),
58% (May); Tasmania: 38% (April), 40% (May)

AustraliaPsychiatrist telehealth ser-
vice

Looi et al [84]

The majority of private practice was conducted by telehealth in April but
was lower in May as new COVID-19 case rates fell. Percentage of consul-
tations conducted using telemental health—NSW: 56% (April), 52%
(May); QLD: 63% (April), 53% (May); VIC: 61% (April), 59% (May);
WA: 51% (April), 36% (May)

AustraliaPsychiatrist telehealth ser-
vice

Looi et al [85]

The service continued providing all services except community-based
coaching via telehealth. 90% of patients with complex psychosis accepted
telehealth sessions and maintained their specific treatment plans. 2 opted
out of telemental health.

Mean comparisons between session attendance and cancellations/no-shows
during the 6-week period before and after telehealth conversion showed
no significant differences in service utilization.

United StatesCMHT and outpatient ser-
vices

Lynch et al [86]

Tracking the number of RS enrollees with active participation indicated
that in the week before telehealth conversion, when shelter-in-place rec-
ommendations commenced, participation dropped from 94% to 52%; after
telehealth conversion, participation rose from 67% in the first 4 days to
79% after 1 week and to 84% after 2 weeks.

United StatesCMHT and outpatient ser-
vices

Medalia et al [88]

A total of 816 participants comprised the analytic sample. A total of 400

converted to telehealth and of those 64 were SMIc. The conversion rates
from in-person psychotherapy to teletherapy were similar for SMI (n=64,
51.6%) and non-SMI (n=334, 48.3%) groups.

The rate at which the SMI group converted from in-person therapy to
teletherapy (52%) was not statistically different from that of the non-SMI
group (48%) during COVID-19.

United StatesCMHT and outpatient ser-
vices

Miu et al [89]

From March 2020, in‐person contacts reduced substantially from around
9000 per week to 3000 per week in early April 2020. Over the same period
there was an increase in remote contacts from around 2500 per week in
early March 2020 to around 8000 per week by the end of April 2020.

Total clinical contacts per week dropped from around 12,500 in mid‐
March to around 10,000 in mid‐April 2020.

The number of unattended appointments was temporarily reduced in April,
May, June, and September 2020.

United KingdomAll National Health Service
Trust services

Patel et al [91]

Psychologists estimated that telepsychology comprised 85.53% of their
clinical work during the pandemic, compared with the prepandemic context
when only 7.07% of their clinical work was conducted remotely.

United StatesVariety of MH service set-
tings

Pierce et al [93]

Face-to-face psychotherapies in personal contact were reduced and remote
psychotherapies (via telephone or internet) were increased in the early
weeks of the COVID-19 lockdown as compared with the months before.
Although average increases in psychotherapies via telephone (979%) or
via internet (1561%) were dramatic, there was an undersupply of psy-
chotherapy in Austria in the early weeks of the COVID-19 lockdown as
the total number of patients treated on average per week was lower in
COVID-19 lockdown than in the months before.

AustriaPsychology/psychothera-
py/counseling service

Probst et al [94]

There was uptake of telemental health by approximately 80% of respon-
dents by late March or early April 2020.

All but 2.11% (19/903) of providers in this study made practice adjustments
(transition to telemental health).

United StatesVarious service typesReilly et al [95]

VHA provided nearly 1.2 million telephone and video encounters to vet-
erans in April 2020 and reduced in-person visits by approximately 80%
when compared with the October 2019 to February 2020 period before
the pandemic.

By June 2020, VHA had an 11-fold increase in encounters using direct-
to-home video and a fivefold increase in telephone contacts relative to
before the pandemic. VHA reduced in-person visits by approximately
80% when compared with the October 2019 to February 2020 period before
the pandemic.

United StatesVHAd mental health ser-
vices

Rosen et al [98]
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Adoption/coverage dataService locationType of serviceAuthor

The Psychological Services Centre saw an initial retention rate of 82% in
the first week of teletherapy, with more clients resuming services in the
weeks that followed.

United StatesCommunity-based training
clinic providing therapy

Scharff et al [100]

More than 80% of patients with bulimia nervosa received face-to-face
therapy before the COVID-19 pandemic (81.8%) compared with 36.4%
during the pandemic (ie, a decrease by 55.5%). Use of videoconference-
based therapy increased from 3.6% to 21.8% and use of telephone contacts
from 18.2% to 38.2%, whereas the use of additional online interventions
decreased from 3.6% to 0%.

Face-to-face psychotherapy decreased by 56% but videoconferencing
therapy was only used by 22% of patients.

GermanyInpatient mental health ser-
vice

Schlegl et al [101]

Approximately 76% of veterans engaged in posttraumatic stress disorder
treatment chose to continue despite the COVID-19 pandemic via telehealth.

United StatesVeterans Healthcare Admin-
istration

Sciarrino et al [102]

After transition to teletherapy, the average daily virtual program census
from March 19, 2020, to April 18, 2020, was 3.3 intensive outpatient
program patients and 22.4 outpatients. These numbers indicate a slight
decrease in intensive outpatient program patients (−0.3/per day) and an
increase in outpatients seen per day (+2.7/per day).

There was an increase in the outpatient sessions retained and a decrease
in the appointments cancelled.

United StatesResidential servicesSequeira et al [103]

Take up for remote care was over 95%; 82.8% (n=202) initially chose to
receive psychiatric care through video visits, whereas 13.5% (n=33) chose
telephone visits; 1.2% (n=3) decided to postpone care until in-person visit
availability.

United StatesCMHT and outpatient ser-
vices

Severe et al [104]

By March 20, 2020, 67% of all outpatient appointments were conducted
at home. Most of these appointments were conducted by phone with some
TMH sessions. By March 27, 2020, 90% of all outpatient appointments
were done at home, predominantly by phone (59%) but increasingly by

HB-TMHe (31%). One week later (April 3, 2020), these rates were 48%
versus 45%, respectively.

By March 31, 2020, 98% of faculty completed expedited training and
obtained departmental approval for HB-TMH services during the COVID-
19 crisis. By April 10, 2020, HB-TMH was offered to all established out-
patients for individual visits. Only the crisis clinic continued a regular in-
clinic presence.

United StatesGeneral hospital/physical
health service

Sharma et al [28]

64% were spending at least some time working from their workplace (either
solely or in combination with home working); 33.9% were working from
home only. Just over a third were at the workplace (n=178, 35.1%) and
the remainder (n=147, 28.9%) worked from both home and at the work-
place.

United KingdomCMHT and outpatient ser-
vices

Sheehan et al [105]

Most transitioned to telehealth care (United States 45%; Netherlands 42%),
with fewer still receiving face‐to‐face care (United States 3%; Nether-
lands 6%), or not having been able to engage with their provider at all
(United States 6%; Netherlands 5%).

The Netherlands and
United States

CMHT and outpatient ser-
vices

Termorshuizen et al
[107]

Most of the psychiatrists had transitioned to fully virtual practices. Only
a quarter of the participants were seeing any patients in person.

United StatesCMHT and outpatient ser-
vices and private hospi-
tal/clinic

Uscher-Pines et al
[108]

Telemedicine use: None (in-person only), 1 (5.6%); phone only, 2 (16.7%);
video only, 0 (0.0%); combination of video and phone, 15 (83.3%).

United StatesCMHT and outpatient ser-
vices; private hospital/clinic;
general hospital/physical
health service

Uscher-Pines et al
[109]

Treatment adherence was 100%.The NetherlandsCMHT and outpatient ser-
vices; psychology/psy-
chotherapy/counseling ser-
vice

van Dijk et al [110]

By the second day after shutdown, only 8% (n=52) of our appointments
were in-person clinic visits, compared with our baseline average of 98%.
By the third business day, 100% (n=73) of appointments were conducted
virtually, with 92% (n=67) via videoconference and 8% (n=6) by phone.

United StatesGeneral hospital/physical
health service

Yellowlees et al
[115]
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Adoption/coverage dataService locationType of serviceAuthor

Some patients still required regular face-to-face reviews, including the 91
patients (29%) who are treated with depot medications and 71 (23%) taking
clozapine.

AustraliaCMHT and outpatient ser-
vices

Zulfic et al [116]

aCMHT: community mental health team.
bTMH-V: telemental health: video.
cSMI: serious mental illness.
dVHA: Veterans Health Administration.
eHB-TMH: home-based telemental health.

Appropriateness

There were some concerns raised over the appropriateness of
remote care, for example, studies reported difficulties managing
medication (eg, [45,108,109]) and concerns around engaging
and assessing new patients (eg, [78]). Clinicians also found it
harder to assess some physical indicators of mental health status
(eg, hygiene, eye contact, physical symptoms of opioid
withdrawal) without being able to see the service user in person.
However, by contrast, remote methods of working felt safer for
clinicians who worked with service users at risk for violence
and behavioral dysregulation (eg, [56]). Online care was also
not necessarily appropriate for patients with auditory or visual
impairments, or with conditions such as migraines.

Staff reported concerns around the management of risk and
safeguarding of service users when using remote methods of
care (eg, [79,93]). Some helpful features of platforms which
were thought to improve safety were using the waiting room
function, being able to remove call participants, renaming
participants (to protect anonymity), and using the private chat
function.

Feasibility

In general, all studies reported good feasibility, at least for the
short-term emergency response during the pandemic. However,
some studies reported that telemental health is not suitable for
all types of therapy, for example, those that require a physical
presence (exposure therapy, role play, collaborative models;
eg, [106]). Telemental health may also be less suitable for
treating trauma [62,102]; clients with severe anxiety [62],
learning difficulties or autism [105]; children [62]; and clients
with cognitive impairment [62,90].

Cost-Effectiveness

There was limited information about costs of implementation
of remote care in the included studies and no actual costs of
telemental health were reported in the papers. However, initial
evidence suggests remote care is not a costly intervention, with
1 paper stating that telemental health is “cost-effective” [69],
while another mentions the use of “low-cost technologies” by
clinicians [72].

Penetration

There was widespread penetration (the extent to which
telemental health was integrated into mental health services) of
remote methods of care delivery due to the COVID-19
pandemic, despite few services utilizing telemental health
previously. Services were able to rapidly adapt to this new way

of working, with the majority of appointments conducted
remotely after the first few weeks of “stay at home” orders.

Sustainability

The sustainability of telemental health cannot be completely
determined from the included studies, as they present data
mostly from the early stages of the COVID-19 pandemic.
However, there was some indication that although remote
working was widely accepted as a necessity, once restrictions
loosened, rates of telemental health use declined (corresponding
with the drop in cases in Europe in summer 2020). This
correlates with findings that not all staff and service users would
want to continue using remote methods of care after the
pandemic ends. However, there are some aspects of remote
working that both clinicians and service users would like to
keep in the future in combination with face-to-face care (eg,
[93,104]), as this approach has benefits such as being more
efficient, flexible, and enabling access for certain groups (eg,
[7,60,62]).

Clinical Outcomes
Comparing the clinical outcomes of face-to-face and remote
care using quantitative measures indicated that telemental health
approaches could be as effective as face-to-face care (eg,
[55,103]), although it should be noted that most studies were
on a small scale. Several studies also reported no psychiatric
decompensations after switching to remote care (eg, [86,88]).
However, it is important to note that clinical outcomes for
telemental health were not comparable for all service users; for
example, Dores et al [60] found that a quarter of psychiatrists
reported poorer clinical outcomes after switching to remote
care. Another study also indicated that only one-third of
clinicians felt as though telemental health consultations were
comparable to prepandemic sessions [114]. A full presentation
of the clinical outcomes reported in included studies is shown
in Table 6.

Although the quality of therapeutic relationships reported by
studies was generally good, clinicians reported problems reading
patients’ emotions (eg, [43]) or feeling less connected to the
service user compared with face-to-face sessions (eg, [56]).
Clinicians also reported difficulties regarding feeling and
expressing empathy remotely. Other challenges to therapeutic
relationships when using remote care included a lack of client
engagement, possible misunderstandings due to lack of
nonverbal signals, common context, or not having a clear idea
of patients’ physical state (alongside reduced privacy).
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Table 6. Studies which reported clinical outcomes of telemental health.

Clinical outcomesCountryType of serviceItem

ItalyPsychology/psychotherapy/counseling
service

Cheli et al [55] • 5/6 patients reported a reliable change index (≥1.96) in the primary
outcome (Symptoms Checklist 90 [SCL-90] total score), and 1 reported
a stable symptomatology.

• All the patients reported a significant decreasing trend in the Depression,
Anxiety and Stress Scale (DASS-21) total score (secondary outcome),
as determined by Kendall τ (P<.001).

PortugalPsychology/psychotherapy/counseling
service

Dores et al [60] • Comparing remote to in-person care (psychologists): 65 (71.6%) consid-
ered the results to be more of less the same, 4 (4.4%) reported obtaining
better results with at-distance sessions, and 22 (24.2%) considered that
at-distance sessions have yielded worse results than in-presence sessions.

• Comparing remote with in-person care (service users): Remote and in-
person sessions were more or less the same (n=71; 78.0%). Six (6.6%)
of the respondents reported receiving better feedback (ie, the clients
preferred the online sessions), and 1 (1.1%) received much better feed-
back. Even so, 13 (14.3%) psychologists received worse feedback from
their clients about this type of intervention.

United
States

Psychology/psychotherapy/counseling
service

Erekson et al
[61]

• Comparing current students (who received telemental health) with those
in previous years (who received face-to-face care) found that students
in previous years were not significantly different in their achievement
of reliable improvement compared with those in 2020 (χ23=10.43,
P=.015).

• However, students in previous years were significantly more likely to
deteriorate than those in 2020 (χ23=8.48, P=.04).

FranceGeneral hospital/physical health ser-
vice (addictions service)

Gomet et al
[67]

• 13 out of the 16 patients did not relapse during the data collection period.

Patient outcomesHong KongDay center (dementia service)Lai et al [81]

• The MoCAa scores in the intervention group (who received additional
services using video conference, rather than telephone only) remained
largely stable, whereas the MoCA scores for the control group fell after

the 4-week study period (F1,58=17.97, P<.001, ηp2=0.24).

• Quality of life scores were higher for the intervention group by the end

of the study period (F1,58=5.54, P<.05, np2=0.49).

• Scores on behavioral and psychological problems remained stable for
both groups.

Caregiver outcomes

• Improvement in both physical and mental status of the caregivers was

identified—(F1,58=60.30, P<.001, np2=0.51) and (F1,58=49.13, P<.001,

np2=0.46), respectively—a reduction in perceived burden (F1,58=19.04,

P<.001, np2=0.25), and an increase in self-efficacy (F1,58=17.30, P<.001,

ηp2=0.23).

United
States

CMHTb and outpatient servicesLynch et al [86] • During the 12-week study timeframe, the subsample of participants with
complex psychosis remained psychiatrically stable; there were no psy-
chiatric decompensations or referrals to a higher level of care.

United
States

CMHT and outpatient servicesMedalia et al
[88]

• There were no psychiatric decompensations after conversion to tele-
health.

United
States

Residential services (obsessive com-
pulsive disorder)

Sequeira et al
[103]

• There were overall trends in reductions of scores of the Yale-Brown
Obsessive-Compulsive Scale (Y-BOCS), The Centre for Epidemiologic
Studies Depression Scale (CES-D), The 7-item General Anxiety Disor-
der-7 (GAD-7), and Distress Intolerance Index (DII) across all patients,
indicating that the telemental health program was effective in reducing
symptoms of obsessive compulsive disorder, anxiety, and depression.
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Clinical outcomesCountryType of serviceItem

• For about 1 in 3 cases, therapists reported that they felt the sessions were
at least fairly comparable to pre-COVID-19 sessions or that the restric-
tions were not particularly problematic.

SwitzerlandMental health team and outpatient
services

Wyler et al
[114]

aMoCA: Montreal Cognitive Assessment.
bCMHT: community mental health team.

Social Outcomes
One study [81] compared social outcomes in a trial comparing
telephone-only care with caregivers of older adults with
neurocognitive disorder, with supplementary video care to both
carers and service users. Findings indicated that those who
received both telephone and video support had greater resilience,
better cognitive functioning, and a higher quality of life.

Organizational and Care Delivery Outcomes
Improved communication was noted between staff when using
telemental health when compared with traditional face-to-face
care, as the use of online file sharing or discussion platforms
facilitated communication between staff (eg, [74,105]). The use
of online methods also facilitated staff training and some staff
reported that remote working resulted in a better work–life
balance (eg, [59]).

Discussion

Summary of Findings
This review collated evidence regarding the implementation
and outcomes of remote working in mental health services in
the context of the COVID-19 pandemic. Most studies indicate
a relatively high level of activity, suggesting that at least in the
services studied in higher-income countries, much mental health
care can be shifted to telemental health in a crisis. Services
mainly reported using a mixture of phone and video calls, with
both service users and clinicians varying in their preference for
these modalities. There were some indicators of reduced
numbers of missed appointments, potentially due to the greater
convenience of remote care, which may make access to services
easier for some service users.

There was reasonable acceptability across the studies, at least
in conditions where the alternative may have been no contact
with services at all. However, there were situations where
telemental health may be less acceptable, including for new
patients, physical health aspects of care, and for service users
without a private space at home to use for therapy. Telemental
health also may not be as feasible for certain types of support,
including support which needs a physical presence such as
exposure therapy or role play. This finding reflects those in a
systematic review by Turgoose et al [117], which found that
service users had concerns around managing emotions during
exposure tasks without the physical presence of a clinician.
There was also evidence that telemental health may not be
feasible for some clinical presentations, including some service
users with psychosis, learning difficulties, or autism. Clinicians
also reported a decrease in their ability to develop and maintain

a strong therapeutic relationship with service users, due to being
unable to pick up on nonverbal cues and a lack of connectedness,
something which was also identified in a review conducted prior
to the pandemic [118]. The acceptability levels found in this
study are not dissimilar to previous studies (eg, [15]), even
though the participants in the current studies are less likely to
be volunteering to pilot a new type of care and more likely to
be using telemental health because they have no alternative.

Few formal investigations of how to improve implementation
were identified in this review, which may reflect the rapid nature
of research conducted during the pandemic. However, some
strategies for improving adoption/penetration/acceptability may
include staff training, the use of telemental health champions,
strategies for introducing service users to technology, and
providing some simple guidance on how to use it best,
identifying situations or populations when telemental health is
not a good idea and those where it might be better. There was
also a lack of fidelity assessments when therapies had to be
adapted to fit telemental health delivery formats; therefore, little
is known about the consequences of these adaptations.

Our interpretation of this pattern of findings is that the successful
delivery in a pandemic of telemental health should not
necessarily be seen as confirmation that people are happy with
this mode of delivery long-term, as some of the identified
problems may become more serious over time, and reports of
being satisfied may have reflected awareness that at the time of
the study, it was difficult to offer care by any other means. The
longevity of these changes will ultimately turn not only on
information technology, safety, and quality, but also on whether
policy changes will support the reimbursements and regulatory
adjustments implemented during the current crisis [29,57].

Implications for Future Research
There was a lack of reporting in included studies of trying to
identify and reach those patients who are at increased risk of
digital exclusion (Textbox 1). The needs of those at risk of
digital exclusion are still largely underreported in both
pre-COVID-19 [15] and COVID-19–specific literature and
should be made a priority for future research. Studies also
included little information regarding the cost-effectiveness of
telemental health implementation. Further research is needed
to explore the differences in cost (both to the service and to the
service user) between face-to-face and telemental health care.
Further research can also formally compare (rather than simply
observe) different delivery support strategies that can improve
the implementation and potentially also the clinical effectiveness
of telemental health, including for specific conditions and
service user groups.
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Textbox 1. Lived experience perspective commentary.

Lived experience commentary by Karen Machin and Raza Griffiths, members of the NIHR Mental Health Policy Unit's Lived Experience
Working Group.

Systematic reviews aim to give an overview of research findings around a particular topic, although, as in this review, they may find that many of the
primary studies are of moderate to low quality. At times of intense pressure, such as those presented by the COVID pandemic, overviews may be
welcomed, and researchers may feel a need to respond promptly. This urgency creates a potential for gaps to be overlooked.

The main concern for us is around service user involvement, which has been acknowledged as key to good quality research, but has still not become
the default for research teams. Participatory approaches are largely absent from the reviewed studies, with service user and carer views “reported by
clinicians” ignoring the likelihood of misunderstandings and service user views being skewed by unequal power dynamics. There is no statement
about the involvement of lived experience researchers in the review itself either. While some researchers may not wish to expose their personal
experiences, it is important to be clear about the level of involvement within all studies.

Service users can shine a spotlight on aspects of mental health support of importance to people who rely on services which may otherwise be missed.
Their lack of involvement in this review may be one reason why only one out of 41 primary research studies reviewed looks at the voluntary sector,
and none at peer support or social care. It is unclear if this is a result of the review process itself or a lack of evidence. Had service users been involved,
this fundamental gap might have been explored at an earlier stage.

The review does identify some factors that can help determine how useful or accessible telemental health is for different groups of people. However,
an analysis linking these factors to broader underlying factors such as poverty would be more helpful.

Further research is needed to ensure future service planning can more accurately assess which elements of telemental health work well, why, and for
whom, and to have service user involvement integral to the whole process from beginning to end.

Finally, there is scope to conduct big data studies to identify
who is not accessing remote care or those at risk of disengaging,
and potential comparisons for matched groups to try to compare
effectiveness across a range of settings, as this could be done
more quickly than in clinical trials while respecting patient
preference.

Strengths and Limitations
The studies included in this review identified outcomes across
different settings and health care systems, which may help
findings generalize to different settings. This review also
captured recent findings on the use of telemental health during
the COVID-19 pandemic, allowing findings to be used to
improve both existing and future models of remote mental health
care.

However, it is also important to take some limitations into
account when interpreting the findings from this review. First,
the results from quality assessment indicated that while around
half of primary research studies and the majority of the service
evaluations were high quality, around half of primary research
studies were scored as moderate to low. This reflects the short
nature of studies and often quick turnaround from data collection
to publication. Some studies were also published in preprint
form and therefore had not undergone peer review. The majority
of studies used cross-sectional data, rather than more rigorous
methods. Second, there was a lack of high-quality quantitative
evidence for the clinical effectiveness of telemental health care.
Clinical effectiveness outcomes were only reported in 9/77
included studies, with some of these findings only based on
qualitative evidence or a small number of service users. It is
also important to note that the voices of those who dropped out
of care may not be included.

The short time scale for data collection and assessment of
changes in practice in included studies could also be viewed as
a limitation of this research, as it is not clear if changes will be
sustained over time or in other contexts (eg, lower-income
countries). We also recognize that the search dates do not cover
the whole of the pandemic to date; however, as plans for the
medium- to long-term adoption of telemental health are currently
being made in several countries, we think it best to make the
findings from this research available promptly. Research was
also not inclusive of those not accessing or using remote
technologies, meaning there is a risk of those at risk of digital
exclusion being forgotten when taking the findings of this review
into consideration.

We also designed this review to be conducted rapidly to ensure
results would be relevant and quickly available, therefore we
chose to search 4 databases and not all studies were
independently double screened by blinded researchers. Although
quality assessment was conducted by 2 reviewers independently,
they were also not blinded to the previous decision. However,
we are confident that the rigor of our searches and inclusion of
preprint servers meant that the papers included are representative
of the literature on this topic.

Conclusion
Telemental health was a largely effective method to enable
continuation of mental health support during the COVID-19
pandemic. While most reported outcomes were positive,
telemental health was not feasible for all types of support and
may not be acceptable to all service user groups. A blended
approach combining face-to-face and telemental health care
may be the most desirable service model for future care. The
need remains for higher-quality evidence regarding the clinical
effectiveness of telemental health and how uptake can be
improved for groups at risk of digital exclusion.
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Abstract

Background: Chronic obstructive pulmonary disease (COPD) and chronic heart failure (CHF) are characterized by severe
symptom burden and common acute worsening episodes that often require hospitalization and affect prognosis. Although many
studies have shown that person-centered care (PCC) increases self-efficacy in patients with chronic conditions, studies on patients
with COPD and CHF treated in primary care and the effects of PCC on the risk of hospitalization in these patients are scarce.

Objective: The aim of this study is to evaluate the effects of PCC through a combined digital platform and telephone support
for people with COPD and CHF.

Methods: A multicenter randomized trial was conducted from 2018 to 2020. A total of 222 patients were recruited from 9
primary care centers. Patients diagnosed with COPD, CHF, or both and with internet access were eligible. Participants were
randomized into either usual care (112/222, 50.5%) or PCC combined with usual care (110/222, 49.5%). The intervention’s main
component was a personal health plan cocreated by the participants and assigned health care professionals. The health care
professionals called the participants in the intervention group and encouraged narration to establish a partnership using PCC
communication skills. A digital platform was used as a communication tool. The primary end point, divided into 2 categories
(improved and deteriorated or unchanged), was a composite score of change in general self-efficacy and hospitalization or death
6 months after randomization. Data from the intention-to-treat group at 3- and 6-month follow-ups were analyzed. In addition, a
per-protocol analysis was conducted on the participants who used the intervention.

Results: No significant differences were found in composite scores between the groups at the 3- and 6-month follow-ups.
However, the per-protocol analysis of the 3-month follow-up revealed a significant difference in composite scores between the
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study groups (P=.047), although it was not maintained until the end of the 6-month follow-up (P=.24). This effect was driven by
a change in general self-efficacy from baseline.

Conclusions: PCC using a combined digital platform and structured telephone support seems to be an option to increase the
short-term self-efficacy of people with COPD and CHF. This study adds to the knowledge of conceptual innovations in primary
care to support patients with COPD and CHF.

Trial Registration: ClinicalTrials.gov NCT03183817; http://clinicaltrials.gov/ct2/show/NCT03183817

(J Med Internet Res 2021;23(12):e26794)   doi:10.2196/26794

KEYWORDS

chronic heart failure; chronic obstructive pulmonary disease; digital platform; eHealth; patient-centered care; person-centered
care; randomized controlled trial; telehealth

Introduction

Background
Chronic obstructive pulmonary disease (COPD) and chronic
heart failure (CHF) are known for their high mortality and severe
impact on daily living activities [1-3]. Although pharmacological
therapy has dramatically improved outcomes over the past
decade, patients still perceive a high symptom burden and acute
worsening of events. Therefore, self-management strategies that
enhance self-efficacy are crucial to optimize [4] and strengthen
preventive approaches in primary care [5]. Digital solutions
have been suggested as a safe option for addressing health care
challenges and promoting self-management of chronic
conditions such as COPD and CHF [6-8]. However, most digital
solutions lack user involvement in the development of the
platform [9].

Person-centered care (PCC) is an approach based on ethical
principles by which a contractual agreement is formed involving
the patient as an active partner in the care and decision-making
process [10]. To support the operationalization of
person-centered ethics in clinical practice, a framework was
developed by the Gothenburg Centre for Person-Centred Care.
This Gothenburg Centre for Person-Centered Care framework
underlines the importance of cocreated care between patients
and health care professionals (HCPs; eg, registered nurses and
a physiotherapist) based on the patient’s narrative, which
identifies personal resources and potential barriers together with
medical status [10,11]. A central concept of PCC is self-efficacy,
that is, a person’s conviction in his or her ability to manage
challenges and complete a task successfully [12]. Enhanced
self-efficacy has been shown to improve disease management
and clinical outcomes, including health status in patients with
chronic diseases [13], physical functioning in patients with
COPD and CHF [14], and daily living in patients with COPD
[15]. Thus, HCPs need to target patients’ self-efficacy beliefs
to perform desired activities and support them in taking
responsibility for engaging in their care [16]. Previous research

has shown that PCC increases the self-efficacy of patients
[17-19]. PCC via telephone is also thought to mitigate worsening
self-efficacy in COPD and CHF, indicating that a partnership
could be established between patients and HCPs without
face-to-face contact [20].

Several studies have used telemedicine and digital interventions
for people with COPD and CHF [21,22]; however, PCC was
not part of their design, and the results were mixed [23].

Objective
We hypothesize that PCC principles that include a digital
platform and structured telephone support for people with COPD
and CHF would reduce the need for primary care and hospital
admission and improve self-efficacy through collaboration in
the care process. Therefore, the aim of this study is to evaluate
the effects of PCC through a combined digital platform and
telephone support for people with COPD and CHF.

Methods

Design, Participants, and Setting
Study participants were recruited from 9 primary health care
centers in Gothenburg from August 2017 to June 2019. The
study, including consent forms for participants, was approved
by the regional ethics board in Gothenburg (Dnr 063-17 and
T613-18). The inclusion criteria were a diagnosis of COPD
(J43.0, J44.0-J44.9) or CHF (I50.0-I50.9), being listed at one
of the participating primary health care centers, understanding
written and spoken Swedish, and having access to a device with
an internet connection. The exclusion criteria were severe
impairment (cognitive or other) that prevented the individual
from using eHealth support, no registered address (follow-up
questionnaires were sent by mail), expected survival of <12
months, ongoing documented diagnosis of alcohol or drug abuse,
diseases that could interfere with follow-up (ie, multimorbidity),
and participation in a conflicting study. A flowchart of the study
participants is given in Figure 1.
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Figure 1. CONSORT flowchart. ITT: intention-to-treat; PP: per-protocol.

Enrollment and Randomization
Designated HCPs screened medical records at the 9 participating
centers for potential patients diagnosed with COPD, CHF, or
both. Eligible participants were sent an information letter about
the study with an invitation to contact the HCPs for more
information. If the participants did not contact an HCP within
2 weeks after the information letter had been sent out, they were
contacted by phone for further details and asked to participate.
Patients who accepted the invitation to participate were sent a
consent form together with a prepaid return envelope by mail.
Upon receipt of the signed consent form, patients were
randomized into either standard care or PCC in addition to
standard care. Randomization was based on a
computer-generated list created by a third party and stratified
by age (<65 or ≥65 years) and diagnostic group (COPD, CHF,
or COPD and CHF). All participants were informed of their
allocation by phone, a call not included as part of the
intervention.

Usual Care
Usual care was managed as per the physician’s judgment based
on current guidelines, for example, medicine adjustments
[24,25]. The usual care group had no follow-up phone
conversations.

Intervention
The intervention, comprising PCC using a combined digital
platform and structured telephone support system, was provided
in addition to usual care for 6 months. The structured telephone
support program comprised an optional number of phone calls
that included a health plan cocreated and followed up by patients
and HCPs, which is consistent with person-centered principles.
The digital platform was aimed at supporting communication
between phone calls and providing access to shared
documentation (health plans and self-ratings) and reliable
information sources. The digital platform was developed using
a participatory design with user involvement. The method draws
on the user’s tacit knowledge, that is, their implicit or
unarticulated knowledge learned and transmitted through
experience and apprenticeship, for example, by taking part in
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this project. The researchers had workshops together with the
HCPs, patient partners, and experts in which the platform and
intervention were discussed and developed [26].

HCPs assisted participants in the intervention group in creating
a log-in to the digital platform that they could access during the
study period and described its features. In the first telephone
conversations, the HCPs encouraged narration. They established
a partnership using communication skills such as listening to
the participants’ narratives about daily life events and how they
were affected by their condition. The next step entailed
cocreating a health plan based on patient narratives through
discussion and agreement, including patient goals, resources,
and needs. Usually, the health plan contained information about
what the participants had talked about, how they felt, what goals
they had, and what they wanted to accomplish. The health plan
also included information on the participants’ capabilities and
resources that could be used to help them reach their respective
health goals. The health plan was written jointly at the initiative
of the HCPs or the patients and uploaded to the digital platform
by either the HCPs or the patients.

The HCPs and patients jointly scheduled the date of the
follow-up meetings based on the preferences of the patients.
The health plan served as a point of departure for the impending
conversations and communication via the platform. The
participants and HCPs had access to the platform during the
6-month study period. The health plan was considered and
revised during each follow-up phone call and when needed (eg,
if the participants spontaneously contacted the HCPs). The
fidelity of the intervention was ensured by meetings and
seminars on a regular basis, constructive discussions and
education on PCC, and person-centered communication and
monitoring of the HCPs by researchers and experts in their
respective fields. The review group comprised senior and junior
researchers and patient representatives. In addition, the HCPs
reviewed some of each other’s telephone calls and health plans.
A total of 5 HCPs were involved in the intervention: 3 (60%)
registered nurses, 1 (20%) occupational therapist, and 1 (20%)
physiotherapist. Years of work experience ranged from 6 to 26
years for the HCPs.

The platform contained functionalities for 2-way communication
through private messages; the possibility to rate daily symptoms,
such as shortness of breath and tiredness, to be visualized as
trend graphs; and an archive of the health plans. The participants
could invite and give customized access to the platform to any
person they wanted, such as informal carers, family, or friends.
They could also access links to relevant websites containing
information on COPD and CHF provided by patient
organizations (eg, the Heart and Lung Association) and the
Swedish national support guide to an online peer-to-peer support
group. A detailed description of the intervention has been
published elsewhere [27].

Collection of Data and Outcome Measures
Data were collected through questionnaires and from medical
records at inclusion and 3 and 6 months later. Questionnaires
were mailed to all participants together with a prepaid return
envelope. If the questionnaires were not returned within 2 weeks,
reminders were given by phone. New questionnaires and return

envelopes were sent out if needed. Approximately 6.8% (15/222)
of participants (11/110, 10% in the intervention group and 4/112,
3.6% in the control group) did not return their questionnaires
at the 3-month follow-up. At the 6-month follow-up, 8.6%
(19/222) of participants (13/110, 11.8% in the intervention group
and 6/112, 5.4% in the control group) did not return their
questionnaires despite being reminded.

The primary end point was a composite score of general
self-efficacy (GSE) changes and hospitalization or death 6
months after randomization into each group.

A patient was classified as improved if GSE increased by ≥5
units, the patient was not hospitalized because of COPD or CHF,
and the patient did not die. A patient was classified as
deteriorated if GSE decreased by ≥5 units, the patient was
admitted for unscheduled reasons because of COPD or CHF,
or the patient died because of any cause.

Those who neither improved nor deteriorated were considered
unchanged. GSE was assessed using the GSE scale, a 10-item
scale designed to measure a sense of personal competence in
dealing with stressful situations (eg, handling unforeseen
situations and finding possible solutions to problems). The GSE
scale has been widely tested and used internationally; the
Swedish version has shown high internal consistency (Cronbach
α=.90) [28]. The 10 items are rated on a 4-point scale, with total
scores ranging from 10 to 40 [29]. An increase of 5 units has
been suggested as a threshold for minimal clinically meaningful
change [18,20].

Statistical Methods
A sample size of at least 91 participants in each group was
needed to achieve a power of 80% based on a P value of .05
(2-tailed) to detect an increase in the composite score from 20%
in the control group to 40% in the intervention group.

Descriptive and comparative statistics were used to characterize
the study groups. Group differences were calculated using the
Pearson chi-square test for categorical variables, the Fisher exact
test for dichotomous variables, and the independent 2-tailed
Student t test for continuous variables. Between-group
differences in the composite score were tested using the Fisher
exact test for the dichotomous version and the Mantel-Haenszel
chi-square test for the ordered categorical version. Binary
logistic regression was used to calculate odds ratios with 95%
CIs for the dichotomous version of the composite score. The
Student t test was used to compare the mean change in GSE
scores between groups. Between-group differences in
improvement of ≥5 points on the GSE scale were calculated in
the same way as the dichotomous version of the composite
score. Bivariate correlations were computed using Pearson r.
Missing outcome data for the 3- and 6-month follow-ups were
imputed using the last value carried forward. Sensitivity analyses
were conducted to assess robustness. Both intention-to-treat
(ITT) and per-protocol (PP) analyses were conducted. The PP
group included participants with at least one PCC phone call
and at least one health plan who logged into the platform and
used at least one of its functions. The significance level was set
at P<.05 (2-sided).
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Results

Overview
In total, 224 participants were randomly assigned to either the
control or the intervention group, of which 2 participants
withdrew consent, leaving 222 participants (112/222, 50.5% in
the control group and 110/222, 49.5% in the intervention group).
The baseline characteristics are presented in Table 1. The study
population was 53.6% (119/222) men and 46.4% (103/222)
women, with a mean age of 70.8 (SD 9.4) years. Approximately

51.8% (115/222) participants had COPD, 38.3% (85/222) had
CHF, and 9.9% (22/222) had both. Of the 222 participants, 32
(14.4%) were current smokers. The treatment and control groups
were similar at baseline, except that significantly more
participants in the control group were married or living with a
partner than in the intervention group (P=.01). However, this
difference did not remain when comparing the control and PP
groups (P=.07). There were no significant differences between
the groups in medical histories (eg, diagnosis, previous
cardiovascular disease, or stages of COPD; Table 1).
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Table 1. Baseline participant characteristics (N=222).

PPb group (n=76)ITTa group (n=110)Control group
(n=112)

Characteristics

P valueValueP valueValue

.8470.1 (9.1).5971.1 (9.8)70.4 (9.1)Age (years), mean (SD)

.4631 (40.8).9951 (46.4)52 (46.4)Women, n (%)

.3529.0 (5.3)e.3329.0 (5.4)d28.2 (5.1)cBMI, mean (SD)

.8330.9 (5.4)h.9931.0 (5.4)g31.1 (6.2)GSEf score, mean (SD)

Civil status, n (%)

.0725 (34.2).0142 (38.2)25 (22.3)Living alone

.0749 (64.5).0168 (61.8)87 (77.7)Married or living with partner

Diagnosis, n (%)

.4927 (35.5).8842 (38.2)43 (38.4)CHFi

.4938 (50).8856 (50.9)59 (52.7)COPDj

.4911 (14.5).8812 (10.9)10 (8.9)CHD and COPD

Stage of COPD, n (%)

.9410 (22.2).9916 (26.2)16 (27.6)Stage 1

.9430 (66.7).9938 (62.3)36 (62.1)Stage 2

.944 (8.9).996 (9.8)5 (8.6)Stage 3

.941 (2.2).991 (1.6)1 (1.7)Stage 4

Education level, n (%)

.2326 (34.2).1338 (34.5)26 (23.2)Compulsory

.2318 (23.7).1325 (22.7)32 (28.6)Secondary school

.2317 (22.4).1325 (22.7)21 (18.8)Vocational college

.2315 (19.7).1322 (20)33 (29.5)University

Smoking, n (%)

.478 (10.5).5113 (11.8)19 (17)Current smoker

.4746 (60.5).5163 (57.3)63 (56.3)Previous smoker

.4722 (28.9).5134 (30.9)30 (26.8)Never smoked

Medical history, n (%)

.6510 (13.2).5415 (13.6)12 (10.7)Previous MIk

.448 (10.5).819 (8.2)8 (7.1)Previous angina

.4226 (34.2).2539 (35.5)31 (27.7)Atrial fibrillation

.6549 (64.5).2176 (69.1)68 (60.7)Hypertension

.992 (2.6).992 (1.8)3 (2.7)CABGl

.0710 (13.2).2211 (10)6 (5.4)Previous stroke

.2718 (23.7).5023 (20.9)19 (17)Diabetes

.991 (1.3).991 (0.9)1 (0.9)CRTm

.994 (5.3).996 (5.5)7 (6.3)Pacemaker

.5211 (25).3114 (22.6)19 (31.7)Previous spirometry <6 months before inclusion, n
(%)

.4764.1 (16.0)q.8567.6 (16.9)p68.8 (17.3)o<6 months FEVn 1% of expected value, mean (SD)

.2011 (25).3413 (21)8 (13.3)Previous spirometry 6-12 months before inclusion,
n (%)
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PPb group (n=76)ITTa group (n=110)Control group
(n=112)

Characteristics

P valueValueP valueValue

.8168.7 (16.4)t.6170.5 (15.6)s66.8 (14.0)r6-12 months FEV 1% of expected value, mean (SD)

.9922 (52.4).9933 (55)31 (54.4)Previous spirometry >12 months before inclusion,
n (%)

.1464.1 (16.2)w.2466.1 (16.2)v71.0 (16.4)u>12 months FEV 1% of expected value, mean (SD)

aITT: intention-to-treat.
bPP: per-protocol.
cn=91.
dn=87.
en=60.
fGSE: general self-efficacy.
gn=107.
hn=73.
iCHF: chronic heart failure.
jCOPD: chronic obstructive pulmonary disease.
kMI: myocardial infarction.
lCABG: coronary artery bypass graft.
mCRT: cardiac resynchronization therapy.
nFEV: forced expiratory volume.
on=19.
pn=13.
qn=11.
rn=7.
sn=12.
tn=10.
un=30.
vn=33.
wn=21.

During the 6-month intervention, the ITT group had a median
of 4 (range 0-11) telephone conversations with the HCPs. Of
those, a median of 3 (range 0-7) was within 90 days of
randomization. The PP group had a median of 4 (range 1-11)
telephone conversations during the study period, with a median
of 3 (range 1-7) within 90 days of randomization. No statistically
significant correlations were detected between the number of
calls and changes in GSE.

Effects
No significant differences in composite scores (improved vs
deteriorated or unchanged) at the 3- or 6-month follow-ups were

observed between the groups. However, a significant difference
in the PP analysis was noted at the 3-month follow-up (P=.047).
The analysis confirmed this result using the composite score
(improved, unchanged, or deteriorated; P=.04). However, none
of these differences could be sustained at the 6-month follow-up
(P=.24 and P=.50; Table 2). We found no differences in
composite scores between patients with COPD, CHF, or COPD
and CHF. During the 6-month intervention, there were 4
recorded hospitalizations: 3 (75%) in the intervention group
and 1 (25%) in the control group. There were no participant
deaths during the intervention.
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Table 2. Composite scores at the 3- and 6-month follow-up.

Per-protocol (n=76)aIntention-to-treat (n=110)aControl
(n=112)

Time and composite score

P valueOR (95% CI)ValueP valueORb (95% CI)Value

3 months

Composite score 1c, n (%)

.047d2.420 (1.011-
5.792)

14 (19.2).241.663 (0.712-
3.884)

15 (14)10 (8.9)Improved

.047d2.420 (1.011-
5.792)

59 (80.8).241.663 (0.712-
3.884)

92 (86)102 (91.1)Deteriorated or un-
changed

———fComposite score 2e, n (%)

.04d14 (19.2)15 (14)10 (8.9)Improved

.04d54 (74)83 (77.6)89 (79.5)Unchanged

.04d5 (6.8)9 (8.4)13 (11.6)Deteriorated

6 months

Composite score 1c, n (%)

.241.650 (0.717-
3.795)

13 (17.8).471.339 (0.611-
2.936)

16 (15)13 (11.6)Improved

.241.650 (0.717-
3.795)

60 (82.2).471.339 (0.611-
2.936)

91 (85)99 (88.4)Deteriorated or un-
changed

———Composite score 2e, n (%)

.5013 (17.8)16 (15)13 (11.6)Improved

.5049 (67.1)74 (69.2)83 (74.1)Unchanged

.5011 (15.1)17 (15.9)16 (14.3)Deteriorated

a3 missing values (no general self-efficacy score at baseline).
bOR: odds ratio.
cComposite score dichotomized into improved vs deteriorated or unchanged.
dSignificant at P<.05.
eComposite score improved vs unchanged vs deteriorated.
fThe statistical test used (Mantel-Haenszel chi-square test) does not generate odds ratio or 95% CI.

Differences between the groups at 3 months were driven mainly
by changes in the GSE scale. The PP group had a mean
improvement of 0.941 (SD 4.4) points, whereas the control
group had a mean reduction of 0.568 points (SD 4.6; P=.03).
At the 3-month follow-up, 19.2% (14/76) of the participants in

the PP group versus 8.9% (10/112) of those in the control group
had an improvement of ≥5 points on the GSE scale, indicating
that the PP group was more than twice as likely to have a
clinically meaningful improvement in GSE compared with the
control group (Table 3).
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Table 3. Change in general self-efficacy (GSE) from baseline and at the 3- and 6-month follow-ups.

PPc (n=76)dITTa (n=110)bControl
(n=112)

Follow-up

P valueOR (95% CI)ValueP valueORe (95% CI)Value

3 months

.03f−2.842 to −0.174d0.941 (4.4).062.261 to 0.038d0.544 (4.0)−0.568 (4.6)Change in GSE score,
mean (SD)

.047f2.420 (1.011 to
5.792)

14 (19.2).241.663 (0.712 to
3.884)

15 (14)10 (8.9)Improvement ≥5 points,
n (%)

6 months

.25−2.103 to 0.542d0.384 (4.4).38−1.689 to 0.642d0.127 (4.3)−0.397 (4.5)Change in GSE score,
mean (SD)

.241.650 (0.717 to
3.795)

13 (17.8).471.339 (0.611 to
2.936)

16 (15)13 (11.6)Improvement ≥5 points,
n (%)

aITT: intention-to-treat.
b3 missing values (no general self-efficacy score at baseline).
cPP: per-protocol.
dOnly 95% CI shown as the statistical test (Student t test) does not generate odds ratio.
eOR: odds ratio.
fSignificant at P<.05.

Discussion

Principal Findings
This study shows that a 6-month intervention with PCC using
a combined digital platform and structured telephone support
system does not improve outcome as assessed by a composite
end point of change on the GSE score and absence of
hospitalization or death. However, the PP analysis, which only
included those who used the intervention, showed a difference
in composite scores at 3 months. However, this difference did
not hold at the 6-month follow-up. The difference at 3 months
was primarily because of an improvement in the GSE scale
score. PP analyses are usually data-driven and thus, of lower
evidence than prespecified analyses but are important to explore
the mechanisms behind the effects of treatment and care
interventions [30].

Several explanations have been proposed to account for why
the ITT analysis showed no significant differences and why the
PP analysis only showed differences at the 3-month follow-up.
The participants had a relatively stable disease, as illustrated
by the few disease-related hospitalizations and the high
self-reported GSE at baseline (mean score 31.1; Table 1). In
contrast, population studies have reported a mean GSE score
of 29 [29]. A previous study from our group targeting patients
with more severe forms of COPD and CHF demonstrated more
pronounced positive results from a similar intervention. In that
study, the participants had lower GSE (mean score of 28) at
baseline and therefore, had more margin for improvement [20].
Previous studies have highlighted the difficulties in showing
the significance of an intervention when the participants’ score
on outcome measurements at baseline (ie, ceiling effects) was
high [31].

The intervention’s timing might have played a role in the lack
of significant differences between the groups. The intervention
sought to reach out with a preventive tool to support
self-management and, therefore, recruited participants from
primary care centers. Thus, unlike our previous interventions
that mainly recruited participants during an unplanned
hospitalization, in this intervention, patients were targeted in
their everyday lives. In those interventions, hospitalization was
an exact starting point, and many were eager to recover their
health after a period of deterioration [18,20]. That the
intervention’s timing is important for its meaningfulness was
also confirmed by the findings from the participant interviews
[32]. Moreover, previous research has pointed out the
importance of including participants in need of an intervention
to achieve favorable outcomes [31]. In this study, screening was
not performed to determine which participants might be most
suitable for the intervention.

The intervention showed an effect after 3 months in the PP
analysis but not after 6 months. This result is likely because of
the participants’ initial high degree of communication with the
HCPs and the fact that the increase in GSE caused by the
intervention attenuated over time. At least two phone meetings
were initially made, one occurring when the patients were
contacted and asked to participate and the other during the health
plan’s joint formulation. As the median number of calls was 4,
many of the participants had few conversations with HCPs after
the first 2 calls. The intervention did not include mandatory
follow-up or booster calls. If this had been done, the effect of
the intervention might have been maintained. Nevertheless, no
statistically significant associations were found between the
number of calls and changes in the GSE. Associations might
have been present; however, the study was underpowered to
detect them. There may also be other explanations for the lack
of effect after 6 months, such as lack of motivation and
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worsening of COPD and CHF; however, these variables were
not collected.

Another possibility for the ITT analysis not detecting any
differences is that the participants did not use the digital platform
to its fullest extent. A reason for this lack of difference may be
that the participants did not feel the need to use the digital
platform when feeling stable [32]. Even if used, the digital
platform might not have added enough support to improve GSE.
These possibilities are important to explore further to find the
best technique for future digital communication between HCPs
and participants. It can be speculated that this essential
partnership may not be established without face-to-face
meetings. However, a process evaluation of the trial using
grounded theory has shown that it is possible to establish
partnerships without face-to-face meetings [32]. Although the
intervention might not suit all people with COPD and CHF,
those who used the platform and structured telephone support
(ie, the PP group) showed a significant improvement in GSE.
In addition, an increase of ≥5 on the GSE scale, which was
considered a clinically meaningful improvement, was equivalent
to almost 1 SD in our sample. In general, 0.5 SD is viewed as
the cutoff for a clinically significant difference [33]. Previous
research has shown that GSE improvement is associated with
better food choices [34], improved exercise endurance in people
with COPD [35], and functional fitness among older adults [36].
These findings indicate that GSE increment may support people
with chronic illnesses to improve and maintain health. This
study shows that PCC using a combined digital platform and
structured telephone support system is one way to support people
with COPD and CHF. However, this type of intervention must
target those who would benefit the most from it. An important
finding for HCPs is that when using self-care tools for home
monitoring, our patients with CHF emphasized that they did
not want to read or be reminded of CHF. This may be a way
for people with CHF to cope with everyday life [8]. It also
highlights the need for HCPs to listen to their patients’ concerns
and individualize care accordingly.

To our knowledge, this is the first randomized trial in which
the effects of PCC using a combined digital platform and
structured telephone support system for people with COPD and
CHF treated in primary care were evaluated. This study adds
knowledge on which factors (eg, timing of the intervention and

sustainability of interventional effects) are essential when
designing interventions targeting self-care. In general, most
self-care interventions are time intensive and require effort from
the interventionist. Information on the sustainability of the
effects after the end of the intervention is often not reported.
Nonetheless, telehealth self-management interventions do not
seem to report any adverse effects, which could suggest that
such interventions are a suitable option to support people with
chronic conditions [6].

Strengths and Limitations
This study has several limitations worth noting. First, there is
no information on the disease severity of CHF in the background
information of the participants, as this was not consequently
reported in medical records. Second, few hospitalization events
indicate that another outcome measure might have been more
suitable for this study population. Furthermore, the participants
had a high mean GSE score at baseline, leaving little margin
for improvement. The results might have been different if
another outcome measure had been evaluated. Fourth, the design
of the intervention might not have been ideal for all of the
included participants. More participants might have been
identified and benefited from the intervention if the study had
used more rigorous screening criteria. Fifth, this manuscript
only focuses on the effects of the intervention and might have
been strengthened by adding a process evaluation; however,
those data are, unfortunately, not currently available.

This study also has some strengths. First, the intervention
improved GSE at the 3-month follow-up for the participants
who used it. In addition, the use of telehealth made it more
accessible and reduced the need for patients to travel to and
from health care centers.

Conclusions
By combining a digital platform with structured telephone
support, PCC seems to be an option to increase the short-term
self-efficacy of people with COPD and CHF. This study adds
to the knowledge of conceptual innovations in the primary care
setting to support patients with COPD and CHF. Further
research is needed to explore which patient at what point in the
natural history of the disease would benefit the most and tailor
different digital interventions and PCC components to each
patient’s unique needs.
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Abstract

Background: Chronic headache causing severe headache-related disability for those affected by the disease is under- or
misdiagnosed in many cases and therefore requires easy access to a specialist for optimal health care management.

Objective: The goal of the research is to determine whether video consultations are noninferior to face-to-face consultations in
treating chronic headache patients referred to a specialist in Northern Norway.

Methods: Patients included in the study were recruited from general practice referrals to a specialist at a neurological department
in Northern Norway (Tromsø) and diagnosed according to the International Headache Society classification system. In a randomized
controlled design, the 1-year remission rate of chronic headache (change from ≥15 to <15 headache days per month during the
last 3 months), patient satisfaction with a specialist consultation, and need for follow-up consultations by general practitioners
were compared between groups consulted by video and face-to-face in a post hoc analysis. Data were collected by interview
(baseline) and questionnaire (follow-up).

Results: From a baseline cohort of 402 headache patients consecutively referred from general practice to a specialist over 2.5
years, 58.0% (233/402) were classified as chronic headache and included in this study. Response rates were 71.7% (86/120) in
the video group and 67.3% (76/113) in the face-to-face group. One-year remission from chronic headache was achieved in 43.0%
(37/86) in the video group and 39.5% (30/76) in the face-to-face group (P=.38). Patient satisfaction with consultations were
86.5% (32/37; video) and 93.3% (28/30; face-to-face; P=.25). A total of 30% (11/37) in the video group and 53% (16/30) in the
face-to-face group consulted general practitioners during the follow-up period (P=.03), and median number of consultations was
1 (IQR 0-13) and 1.5 (IQR 0-15), respectively (P=.19).

Conclusions: One-year remission rate from chronic headache was about 40% regardless of consultation form. Likewise, patient
satisfaction with consultation and need for follow-up visits in general practice post consultation was similar. Treating chronic
headache patients by using video consultations is not inferior to face-to-face consultations and may be used in clinical neurological
practice.

Trial Registration: ClinicalTrials.gov NCT02270177; https://clinicaltrials.gov/ct2/show/NCT02270177

(J Med Internet Res 2021;23(12):e30151)   doi:10.2196/30151

KEYWORDS

chronic headache; remission; video consultation; telemedicine; eHealth; digital consultation; consultation; treatment; follow-up;
RCT; randomized controlled trial
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Introduction

Background
Chronic headache is a condition that transforms from primary
headaches and is mainly identified as chronic migraine and
chronic tension-type headache affecting about 1% to 2% and
2% of the population, respectively [1-3]. Lack of diagnostic
biomarkers is a major challenge, and the chronic headache
diagnosis (presence of headache 15 or more days per month for
the last 3 months) is made by using a structured interview that
relies on a validated diagnostic classification system [4].
Headache burden in the population is high and has not improved
at the population level over time [5,6]. Preferably, headache
should be correctly classified and treated at earliest to minimize
risk of becoming chronic and development of associated
conditions such as psychiatric symptoms [7], comorbid pain
[8], increased costs for patients and the society [9], and impaired
work performance [10], which are some known consequences
that may burden chronic headache patients further. Depression,
anxiety, sleep problems, stress, medication overuse, and low
degree of headache self-management were associated with
poorer prognosis of chronic headache in randomized controlled
trials (RCTs) and prospective cohorts as summarized in an
American review [11]. It has long been known that headache
syndromes are underdiagnosed and undertreated, especially
migraine [12,13]. There are many possible reasons for that.
Professional headache care needs to be better coordinated with
general health practice [14,15] and is further challenged by
variable access to headache specialists [16]. In a group of 1254
chronic migraine sufferers, 40% had consulted a headache
specialist, but only 4.5% reported that they additionally received
correct diagnosis and treatment [13]. Knowledge about how
alternative specialist consultations using information and
communication technology may be used to treat patients with
difficult headache is limited. In less populated areas where a
secondary health service such as a general neurological
department is the only alternative to primary health care,

telemedicine might be effective. The main hypothesis of this
study was that treating chronic headache patients referred to a
neurological department by using video consultations is not
inferior to traditional face-to-face consultations.

Methods

Study Design and Hypotheses
The results from this study are based on post hoc analyses from
a previous open-label randomized clinical trial where a larger
group (n=409) of heterogeneous headache patients referred from
general practitioners (GPs) to specialists were assigned to either
video or face-to-face (in-office) consultations to study cost,
feasibility, and clinical aspects [17]. The trial was registered at
ClinicalTrials.gov [NCT02270177]. The group of patients with
chronic headache from that cohort were selected for this study
to test the following primary hypothesis: providing treatment
to chronic headache patients by specialist video consultations
is noninferior to face-to-face specialist consultations with respect
to 1-year remission rate of chronic headache (change from ≥15
to <15 headache days per month during the last 3 months).
Secondary hypotheses were (1) patient satisfaction with
specialist consultation, (2) frequency of chronic headache
patients visiting GP for headache in the 12 months
postconsultation, and (3) median number of headache-related
consultations at GPs in the 12 months posttreatment, all end
points postulated to be indifferent between the groups. The
CONSORT-eHEALTH (Consolidated Standards of Reporting
Trials of Electronic and Mobile Health Applications and Online
TeleHealth) was used as a guide in describing the scientific
study method [18].

Study Population and Randomization
Patients were consecutively identified, screened, randomized,
and consulted for 2.5 years (September 30, 2012, to March 30,
2015). Of the included patients, 58.0% (233/402) of patients
were classified to have chronic headache and included in the
study (Figure 1).
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Figure 1. Flowchart of patients with chronic headache referred to neurologists from general practitioners for headache fulfilling the study inclusion
criteria.

Selection criteria were as follows: (1) patients referred from GP
to neurologist for headache, (2) fulfilling the classification
criteria for chronic headache without evidence of secondary
headache (ie, headaches classified as primary headache without
specific causes [4] except patients with suspected medication
overuse headache), (3) Norwegian speaking men and women
aged 16 to 65 years, (4) not having visited a neurologist for
headache within 2 years prior to consultation, and (5) waiting
time from referral to consultation 4 months or less.

A nurse welcomed the participants at the entrance of the
neurological department at the Tromsø University Hospital,
checked the patient’s self-administered prefilled forms and
participation consent and called the randomization administrator
at the hospital (Centre for Quality Improvement and
Development). Participants were block-randomized by using
an Rnd function in Access (Microsoft Corp), and thereafter
guided to an examination room for face-to-face consultation
(traditional group) or to the video conference room located next
to the department (video group). Video consultations were
performed by using a video conference system including a C40
Integrator package (Cisco Systems Inc) with dual display option
and Touch Control Device for C Series, C40 Integrator Multisite
(Cisco Systems Inc), Precision HD 1080P 12× camera (Cisco
Systems Inc), X551S 55” LED (Sharp NEC Display Solutions
of America Inc) monitor, ceiling microphones (Audio-Technica
Inc), and JBL LSR2325P (Harman International Industries)

active speakers installed in the video conference room providing
2-way video and audio communication between patient and
specialist. The neurologists consulted the patients from 2 other
offices via a EX60 unit (Cisco Systems Inc) with an in-touch
panel. Traditional face-to-face consultations were performed in
the same offices. The study nurse confirmed that the visual and
audio devices worked and informed the patients about the
location of the web camera and microphone and where to sit.
The nurse also provided a short training and assured optimal
communication with the specialist. Two experienced
neurologists (KIM and SIB) performed clinical consultations
without neurological examinations but with additional checklists
for inclusion criteria, diagnostic classification, and a
standardized interview which were developed before the trial
without further development during the trial. Further details are
published elsewhere [19].

Data Collection and End Points
Data were obtained by structured interview at baseline and via
questionnaire at 1-year follow-up. The prefilled forms included
a Headache Impact Test–6 (HIT-6) measuring 6 items of
headache impact (pain, social, role and cognitive functioning,
vitality, and psychological distress). Every question was
answered by never, rarely, sometimes, very often, or always,
and each answer scored 6, 8, 10, 11, or 13 points, respectively
[20]. Pain intensity using a horizontal visual analog scale (VAS)
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ranging from 0 to 10 (0 = no pain, 10 = worst possible pain)
was used in conjunction with HIT-6 [21]. Clinical and headache
characteristics including comorbidity and diagnosis according
to International Classification of Headache Disorders–2 [4]
were recorded. Also, inaccurate headache diagnosis (ie,
diagnostic disagreement between specialist and diagnoses
reported in the electronic referral letter) were registered. The
follow-up questionnaire recording demographics, clinical and
headache characteristics, and end point variables was sent to
the patients (with a reminder 2 weeks later to the nonresponders)
either through an online survey service (Questback) or by postal
letter. To classify chronic headache, the patients responded to
number of headache days per month for the last 3 months.

Secondary end points were recorded from the patients’
registration form as follows: “Where you satisfied with the
consultation?” (yes or no), “Have you consulted your GP for
headache after the specialist consultation?” (yes or no), and
“Number of headache consultations with GP after the specialist
consultation.” Also, use of painkillers, triptans, and preventive
headache drugs used in the last month were recorded.

Ethics
Oral and written consent were obtained from all participants
before study entrance. The Norwegian National Committee for
Medical and Health Research Ethics approved the study (number
2009/1430/REK).

Statistical Analyses
Data were analyzed with SPSS (version 27, IBM Corp).
Descriptive variables are compared between the randomized
groups and presented as mean and standard deviation or median
and interquartile range in skewed distributed data (number of
GP consultations). Consequently, comparisons between groups
were analyzed by independent Student t test or Mann-Whitney
U test, respectively; all 2-sided with P<.05 selected as level of

statistical significance. Categorical variables were presented as
numbers and percentages while groups were compared by using
chi-square tests.

Results

Patients’ characteristics were similar for both video and
traditional consultations in all aspects including education and
headache characteristics except for younger age in the video
group (Table 1). A majority (174/233, 74.7%) had migraine as
primary headache, and about one-third (79/233, 33.9%) used
analgesic drugs and/or triptans or other headache-specific
medication (Table 1). Consultation duration was shorter in the
video group (Table 1). Inaccurate headache diagnosis (diagnostic
disagreement between specialist and diagnoses reported in the
electronic referral letter) are presented in Table 2. Comparisons
between the video group and the face-to-face group were
insignificant with respect to renewed headache diagnosis and
preventive treatment given by the specialist (Table 2). The
specialist prescribed preventive medication to 50% to 70% of
the patients, and the group with chronic headache remission
was treated similarly regardless of consultation form in that
respect (Table 2). The main outcome was 43.0% (37/86) 1-year
chronic headache remission rate in the video group compared
to 39.5% (30/76) in the traditional group (P=.38; Table 3).
Number and frequency of patients satisfied with consultations
were 86.5% (32/37; video) and 93.3% (28/30; face-to-face;
P=.25; Table 3). GP consultations (numbers and frequencies of
patients and median numbers of consultations) are presented in
Table 3. More patients treated traditionally (16/30, 53.3%)
reported that they had consulted a GP for headache in the
follow-up period (Table 3). No end points were otherwise
statistically significantly different between the 2 groups. Neither
were there any differences in changes in the HIT-6 and VAS
scores from baseline to 1-year assessment between the 2 groups
(Table 2).
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Table 1. Clinical characteristics in randomized groups of patients referred to specialist for chronic headache consulted by video or traditionally.

Remission from chronic headache at 12 monthsChronic headache at baselineCharacteristic

P valueFace-to-face

(n=30)

Video

(n=37)

P valueFace-to-face

(n=113)

Video

(n=120)

———a.5276 (67.3)86 (71.7)One-year response, n (%)

.3921 (70.0)30 (72.1).6684 (74.3)86 (71.7)Females, n (%)

.3841.2 (14.6)38.3(12.4).00640.0 (13.7)35.2 (12.8)Age (years), mean (SD)

.4213.9 (3.0)13.3 (2.7).0714.0 (3.1)13.2 (2.9)Education (years), mean (SD)

.5812 (40.0)11 (29.7).6843 (38.1)42 (35.0)Sick leave (headache, weeks), n (%)

.0646.9 (23.5)58.7 (25.5).2955.2 (26.1)59.0 (29.0)Waiting time to specialist (days), mean (SD)

.0245.8 (8.8)41.0 (8.1)<.00146.5 (13.0)40.2 (9.8)Consultation duration (minutes), mean (SD)

.3528.6 (7.5)27.8 (4.5).7926.9 (5.7)27.1 (5.5)BMI (mg/m2), mean (SD)

.5820 (66.7)27 (73.0)>.9929 (25.7)31 (25.8)Obesity, BMI ≥30, n (%)

.8113 (43.3)18 (48.6).5452 (46.0)62 (51.7)Without comorbidity, n (%)

.6314 (46.7)20 (54.1).6057 (50.4)56 (46.7)Chronic neck pain, n (%)

.4310 (33.3)9 (24.3).6872 (63.7)80 (66.7)Insomnia, n (%)

>.994 (13.3)5 (13.5).2317 (15.0)11 (9.2)Hypertension, n (%)

.2930.2 (15.8)26.1 (15.3).0927.7 (14.7)24.4 (14.3)Age at headache onset (years), mean (SD)

.5815.3 (16.0)13.2 (13.2).3513.6 (14.6)12.2 (12.8)Headache duration (years), mean (SD)

Chronic headache subtypeb, n (%)

.7923 (76.6)31 (83.8)>.9984 (74.3)90 (75.0)Migraine

—6 (20.0)6 (16.2).3428 (24.8)23 (19.2)Tension-type

—1 (3.3)0 (0)—1 (0.9)7 (5.8)Other

—3 (10.0)8 (21.6).6840 (35.4)39 (32.5)Medication ≥15 days/monthc, n (%)

aNot applicable.
bMost prominent headache subtype given by specialist.
cUse of painkillers and/or triptans ≥15 days per month last 3 month.

Table 2. Diagnostic changes and preventive chronic headache treatment given by neurologist. Comparisons between groups of patients randomized to
either video or traditional consultations.

Remission from chronic headache at 12 monthsPersistent chronic headache at 12 monthsVariable

P valueFace-to-face

(n=30)

Video

(n=37)

P valueFace-to-face

(n=46)

Video

(n=49)

.789 (30.0)9 (24.3).259 (19.6)15 (30.6)New headache diagnosis, n (%)

>.9921 (70.0)26 (70.3).4129 (63.0)26 (53.1)Preventive treatment, n (%)

—3 (10.0)9 (24.3)—a5 (10.9)9 (18.4)Antihypertensive

—6 (20.0)7 (18.8)—7 (15.1)6 (12.2)Antiepileptic

—12 (40.0)10 (27.0)—17 (37.0)11 (22.5)Antidepressant

.416 (20.0)11 (29.7).5514 (30.4)19 (38.8)Triptans, n (%)

aNot applicable.
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Table 3. Remission rates from chronic headache (primary end point), patient’s satisfaction with consultation and general practitioner consultations
(secondary end points), headache-related symptoms, and therapy in the 12 months after specialist consultation. Patients randomized to either video or
traditional consultations.

Remission from chronic headache at 12 monthsPersistent chronic headache at 12 monthsVariables

P valueFace-to-face

(n=30)

Video

(n=37)

P valueFace-to-face

(n=46)

Video

(n=49)

.3830/76 (39.5)37/86 (43.0)———cRemission rate from CHa (%)b

———.3846/76 (60.5)49/86 (57.0)Persistent CH (%)b

.2528 (93.3)32 (86.5).4141 (89.1)42 (85.7)Patient satisfaction with consultation, n (%)

.0316 (53.3)11 (29.7).1220 (43.5)29 (59.2)GPd consultations, n (%)

.191.5 (0-15)1 (0-13).041 (0-11)2 (0-11)GP consultations, median (IQR range)

.0963.7 (6.4)66.0 (3.9).3864.9 (4.6)64.0 (5.6)HITe -6, baseline, mean (SD)

.9859.2 (8.2)59.9 (10.5).1061.6 (7.8)58.3 (8.8)HIT-6 after 1 year, mean (SD)

.925.8 (9.6)5.5 (12.4).083.3 (8.7)5.7 (9.3)ΔHIT-6, mean (SD)

.666.8 (2.0)7.0 (2.1).956.9 (2.1)6.9 (2.3)VASf, baseline, mean (SD)

.945.2 (3.2)5.3 (2.8).026.6 (2.0)5.2 (2.8)VAS after 1 year, mean (SD)

.801.6 (3.5)1.7 (3.3).010.3 (3.5)1.7 (3.8)ΔVAS, mean (SD)

.6229 (96.7)34 (91.9).4439 (84.8)38 (77.6)Analgesic use, n (%)

—3 (10.0)8 (21.6).4823 (50.0)27 (55.1)Medication ≥15 days/monthg, n (%)

aCH: chronic headache.
bCalculated by using response rates (per protocol analyses) as reference.
cNot applicable.
dGP: general practitioner.
eHIT: headache impact test.
fVAS: visual analog scale.
gUse of painkillers and/or triptans ≥15 days per month last 3 months.

When taken data from the groups together (pooled data), the
comparisons between baseline and status after 12 months were
as follows: remission rate from chronic headache was 41.4%
(67/162) and numbers visiting GPs were 30.2% (49/162) of
those with persisting chronic headache and 40.3% (27/67) in
the chronic headache remission group (P=.41). Median numbers
of GP consultations were 1.0 (IQR 0-15) and 2.0 (IQR 0-11),
respectively (P=.25). The rate of participants using analgesic
medication or triptans ≥15 days per month declined from 52.6%
(50/95) to 16.4% (11/67) 1-year post consultation.

Discussion

Principal Findings
By managing new referred chronic headache patients at a
secondary neurological center, the 1-year results from this post
hoc RCT showed that consulting a neurological specialist by
using video were equivalent to face-to-face consultations. Thus,
we found no significant differences in remission rate from
chronic headache, patient satisfaction with consultation, or GP
visits due to headache conducted in the 1-year follow-up period.
This study provides evidence to support specialist video
consultations as a good alternative to face-to-face consultations
in treating patients with chronic headache.

Comparison With Prior Work
There are no previous studies comparing consultation forms in
treating chronic headache by a specialist, but in an earlier RCT
the group of chronic headache patients randomized to an
internet-delivered self-managing relaxation program (n=39)
improved by 47% on measures of self-reported headache
symptoms compared to an equivalent control group recruited
from the waiting list with symptom monitoring only [22]. That
study documents the usefulness of communicating via electronic
devices as an alternative to face-to-face consultations in treating
difficult headache such as chronic headache in line with this
study. Likewise, the 1-year treatment response is comparable
between the studies (47% vs 43%) despite different treatment
methods and outcomes [22]. A smaller RCT by Friedman et al
[23] randomized 18 patients with severe migraine to video
consultations and 12 to in-office visits in a tertiary headache
center. Improvement in headache burden and number of
headache days were not different between the groups, and the
authors concluded that video consultations were as effective as
in-office visits. Furthermore, the consultation time was shorter
in the telemedicine cohort as in this study (Table 1) indicating
that telemedicine is effective for physicians in treating difficult
headache [23].
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In our study, approximately 40% of the chronic headache
patients had remitted 1-year postconsultation while about 60%
persisted with chronic headache. This rate of remission is
somewhat lower than a previous longitudinal study that showed
a 40% persistent rate at 1 year and 25% at 2-year follow-up
[24]. Medication overuse was associated with chronicity in that
study, which is also indicated here, as the rate of participants
using analgesic medication or triptans ≥15 days per month
declined from 52.6% to 16.4%. Similar findings are also
demonstrated in population-based studies [25]. RCTs as a
method to investigate different neurological outpatient
management are in general few [26,27], but use of telemedicine
was equivalent to face-to-face consultations with specialist as
far as number of consultations [28]. Teleneurology is
nevertheless widely used in clinical practice [29-31] with
favorable results from the patient perspective (time- and
money-saving, communication, perceiving good care, and future
preference) [31,32]. From a specialist point of view (n=135
specialists), headache and follow-up consultations were well
suited for telemedicine [33].

In general, RCTs in eHealth are few despite occurrence of the
COVID-19 pandemic situation, which has demonstrated a need
for more evidence-based knowledge about the use of digital
health technology in evaluating treatment effect, safety, and
other aspects of patient management [34-37]. Patient education
programs [38,39]; evaluation of psychological distress using
teletechnology in diabetes [40]; use of mobile in suboptimal
health [41], surgery care, and follow-up [42-44]; aphasia [44];
HIV consultations [38]; cancer symptom monitoring [45]; motor
and cognitive function in stroke [46]; and COVID-19 follow-up
[47] are areas where RCTs are used. Moreover, this study agrees
with previous telemedicine RCTs in the same area reporting
positive outcomes in treating diabetic foot ulcer [48] and in a

follow-up study of orthopedic patients [49]. Thus, the RCT
design is the main advantage of this study, especially since it
is the first one to compare consultation forms with specialist in
chronic headache where one treatment arm is based on
teletechnology.

Limitations
This post hoc study containing a 53% sample of the original
cohort of headache sufferers may be prone to statistical type 2
failure due to risk of underpowered sample size, although the
video and traditional consultation groups were similar with
respect to group sizes and most of the social and clinical
characteristics reflecting a design resistant to selection bias.
Moreover, such a study lacks a placebo group and blinding,
which would have optimized the evidence further. Awareness
of the fact that this study compares different consultation forms
and not specific treatment options should be emphasized. Interim
analyses comparing additional clinical information between
patient groups within the 1-year follow-up period might extend
the knowledge about patient experiences with video
consultations and should be performed in future studies.
Additionally, consecutively including patients from clinical
practice and a relatively low dropout rate accounts for acceptable
generalizability.

Conclusions
This RCT of video consultations for new referrals of chronic
headache patients demonstrated that chronic headache remission
rate, patient satisfaction with specialist consultation, and GP
consultations for headache performed during follow-up were
equivalent between the video group and the face-to-face group.
This study adds to the documentation of eHealth in consulting
headache patients by specialist.
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Abstract

Background: The McIsaac criteria are a validated scoring system used to determine the likelihood of an acute sore throat being
caused by group A streptococcus (GAS) to stratify patients who need strep testing.

Objective: We aim to compare McIsaac criteria obtained during face-to-face (f2f) and non-f2f encounters.

Methods: This retrospective study compared the percentage of positive GAS tests by McIsaac score for scores calculated during
nurse protocol phone encounters, e-visits (electronic visits), and in person f2f clinic visits.

Results: There was no difference in percentages of positive strep tests between encounter types for any of the McIsaac scores.
There were significantly more phone and e-visit encounters with any missing score components compared with f2f visits. For
individual score components, there were significantly fewer e-visits missing fever and cough information compared with phone
encounters and f2f encounters. F2f encounters were significantly less likely to be missing descriptions of tonsils and
lymphadenopathy compared with phone and e-visit encounters. McIsaac scores of 4 had positive GAS rates of 55% to 68% across
encounter types. There were 4 encounters not missing any score components with a McIsaac score of 0. None of these 4 encounters
had a positive GAS test.

Conclusions: McIsaac scores of 4 collected during non-f2f care could be used to consider empiric treatment for GAS without
testing if significant barriers to testing exist such as the COVID-19 pandemic or geographic barriers. Future studies should evaluate
further whether non-f2f encounters with McIsaac scores of 0 can be safely excluded from GAS testing.

(J Med Internet Res 2021;23(12):e25899)   doi:10.2196/25899

KEYWORDS

strep pharygitis; e-visit; electronic visit; telemedicine; telecare; virtual visit; McIssac score; nurse phone triage; scoring system;
sore throat; group A streptococcus; telehealth; nurse; phone; triage

Introduction

The McIsaac (modified Centor) scoring system is a validated
tool used to determine the likelihood of an acute sore throat

being from group A streptococcus (GAS) [1-3]. Criterion include
patient age, absence of cough, fever, tonsillar swelling or
exudates, and the presence of anterior cervical
lymphadenopathy, with the last 2 criteria requiring a physical
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examination [1]. Even with 4 of the criteria present, the
likelihood of an infection with strep is around 60% [4], so best
practice dictates patients should be swabbed for GAS prior to
initiating treatment with an antibiotic. Current guidelines also
suggest against GAS testing in patients with a McIsaac score
of less than 3 [5,6]. The most recent Infectious Diseases Society
of America guidelines recommend considering testing unless
other features strongly suggest a viral etiology [7].

The McIsaac criteria were based on clinician assessment and
were not intended to be based on patient/caregiver report. The
ability of patients and parents to assess tonsils and lymph nodes
is not well studied. Minimal evidence exists in the literature
related to use of the McIsaac criteria being calculated based on
patient/caregiver report in a non–face-to-face (non-f2f)
encounter. A previous study showed that adult patients may
over- or underreport physical exam findings compared with
clinicians [8]. Another study comparing patients or caregivers
to physicians showed moderate to substantial agreement for 3
of 4 key pharyngitis signs and symptoms [9].

In 2017, our institution began using the McIsaac scoring criteria
for non-f2f nurse phone triage and e-visit encounters. This
scoring system was chosen due to it being validated and having
relatively few components needing a response from
patients/caregivers. Both phone triage and e-visit encounters
relied on patients/caregivers to report on historical symptoms
of cough and fever as well as physical exam findings of enlarged
tonsils, tonsillar exudate, and anterior cervical lymphadenopathy.
Both phone triage encounters and e-visits also allowed
patients/caregivers to respond with “I don’t know” for any of
the McIsaac criteria with the exception of e-visits not allowing
an “I don’t know” response for cough. e-Visits were text-based
asynchronous visits that did not require photo or video
capability. To complete an e-visit, patients/caregivers completed
an online questionnaire via a secure patient portal which was
then reviewed by family medicine nurse practitioners and
physician assistants. Both e-visit and phone triage end points
recommended reporting for strep testing if the McIsaac score
was 3 or higher. However, some patients were also referred for
a f2f visit or strep testing with scores less than 3 either by
clinician judgement or, at times, due to patient/caregiver desire.
Additionally, triage nurses sent patients for strep testing if the
patient or caregiver was not able to assess any components of
the score.

The primary aim of this study was to evaluate and compare use
of the McIsaac criteria to predict positive GAS tests in e-visits,
phone triage, and f2f visits. We hypothesized that there would
not be a significant difference in positive GAS results by
McIsaac score between the different encounter types.

Methods

This retrospective, observational study evaluated patients, ages
3 to 75 years, who had a nurse triage phone encounter, submitted
an e-visit, or had a f2f visit for acute sore throat between

February 23, 2017, and May 4, 2018, and had subsequent GAS
testing done on the same day as the encounter. GAS testing was
done using a polymerase chain reaction test. During the study
time period, there were 211 e-visits with same day strep tests.
All 211 e-visit encounters and a randomly selected sample of
211 records for both phone and f2f encounters were manually
reviewed to determine the McIsaac score by patient/caregiver
self-assessment during non-f2f encounters (nurse phone triage
and e-visits) and by clinicians at f2f encounters. For f2f
encounters, a score of 1 for fever was given if the provider
included in their history that the patient reported a fever or the
vital signs for the visit included a temperature greater than 38
°C. F2f visits without a fever at the time of the visit and with
no mention in the note of the patient/caregiver reporting
presence or absence of fever were counted as missing data for
fever. Scores for each encounter type were compared with GAS
results. We also calculated receiver operating characteristic
(ROC) curves and area under the curve (AUC) for the McIsaac
score for each encounter type. Patients were excluded if they
had previous treatment for GAS within 30 days prior to the
encounter, were currently on antibiotics for acute infection, or
were younger than age 3 years or older than age 75 years.
Statistical methods used are listed in the result tables. JMP PRO
(version 14.1.0, SAS Institute Inc) was used to perform
statistical analysis. This study was approved by the Mayo Clinic
institutional review board.

Results

There was no difference in average patient age or percentage
of positive strep tests between encounter types (Table 1).

There was a significantly higher percentage of patients aged 15
to 44 years and a lower percentage of patients aged 45 years
and older with e-visits compared to phone call and f2f
encounters. There were significantly more phone and e-visit
encounters with missing score components compared with f2f
visits. For individual score components, there were significantly
less e-visits missing fever and cough information compared
with phone call and f2f encounters. F2f encounters were
significantly less likely to be missing descriptions of tonsils and
lymphadenopathy compared with phone and e-visit encounters.

Percentages of positive strep tests for each McIsaac score by
encounter type are shown in Table 2. There were no significant
differences in percentages of positive strep tests between
encounter types for any of the McIsaac scores.

We also reviewed encounters that had all components to
document a McIsaac score (ie, no missing criteria). There were
342 encounters with no missing score elements (101 phone
encounters, 83 e-visits and 158 f2f visits). Of these encounters,
52.1% (178/342) had a positive strep test. There were no
significant differences between encounter types for percentage
positive strep tests for all McIsaac scores (Table 3).

ROC AUC for e-visits was 0.62, for f2f was 0.69, and for phone
encounters was 0.62.
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Table 1. Patient age, positive strep tests, and missing score elements for all encounter types.

P valueFace-to-face visit (n=211)e-Visit (n=211)Phone call (n=211)Total (n=633)

.25a103 (49)113 (53)96 (45)312 (49)Positive strep tests, n (%)

.86b21.922.62222.2Age (years), mean

.78a99 (47)92 (44)97 (46)288 (45)3-14, n (%)

.04a90 (43)113 (53)91 (43)294 (46)15-44, n (%)

.001a22 (10)6 (3)23 (11)51 (8)≥45, n (%)

<.001a53 (25)128 (61)110 (52)291 (46)Missing McIsaac criteria, n (%)

<.001a21 (10)4 (2)5 (17)30 (5)Fever description

<.001a35 (17)045 (21)80 (13)Cough description

<.001a1 (1)98 (46)72 (34)171 (27)Tonsil description

<.001a2 (1)58 (28)56 (26)116 (18)Lymph node description

aChi-square test.
bAnalysis of variance.

Table 2. Percentage positive strep tests by encounter type and McIsaac score for all encounters.

P valueaFace to face, % (95% CI) [n
pos/n total]

e-Visit, % (95% CI) [n pos/n
total]

Phone call, % (95% CI) [n
pos/n total]

All, % (95% CI) [n pos/n
total]

McIsaac
score

.6214 (3-51) [1/7)0 [0/2]21 (8-48) [3/14]17 (7-37) [4/23]0

.7526 (14-43) [8/31]33 (14-61) [4/12]35 (19-55) [8/23]30 (20-42) [20/66]1

.5033 (21-47) [16/49]42 (28-58) [17/40}31 (18-47) [11/36]35 (27-44) [44/125]2

.8557 (44-69) [33/58]52 (42-62) [46/88]53 (42-64) [40/76]54 (47-60) [119/222]3

.2468 (56-78) [45/66]67 (55-77) [46/69]55 (42-67) [34/62]63 (56-70) [125/197]4

.4328.7 (20.3-39) [25/87]38.9 (27-52.2) [21/54]31.8 (25.9-38/3) [68/214]31.8 (25.9-38.2) [68/214]s2

aChi-square test.

Table 3. Percentage positive strep tests by encounter type and McIsaac score for 342 encounters with no missing McIsaac criteria.

P valueFace to face, % (95% CI) [n
pos/n total]

e-Visit, % (95% CI) [n pos/n
total]

Phone call, % (95% CI) [n
pos/n total]

All, % (95% CI) [n pos/n
total]

McIsaac
score

>.99b0 [0/3]—a0 [0/1]0 [0/4]0

.28c22.7 10-43.4) [5/22]—50 (15-85) [2/4]27 (13.7-46.1) [7/26]1

.90c30 (16.6-47.9) [9/30}22 (6.3-54.7) [2/9}28.6 (8.2-64.1) [2/7]28.3 (17.3-42.5) [13/46]2

.61c54.8 (40-68.8) [23/42]40 (23.4-59.3) [10/25]48.8 (34.2-63.5) [20/41]49.1 (40-58.4) [53/108]3

.35c68.9 (56.4-79.1) [42/61]71 (57.6-82.1) [35/49]58.3 (44.3-71.1) [28/48]66.5 (58.8-73.3) [105/158]4

.84c25.4 (15.8-38.3) [14/55]22.2 (6.3-54.8) [2/9]33.3 (13.8-60.9) [4/12]26.3 (17.7-37.1) [20/76]≤2

aNot applicable.
bFisher exact test.
cChi-square test.

Discussion

Principal Findings
The use of nursing protocols and e-visits in today’s outpatient
settings has improved access for patients and proven to be a

patient satisfier [10-14]. Patients today want health care that
fits their schedules with tests and treatments accomplished with
minimal waiting [15,16]. The ability to access a triage nurse
24/7 or complete an e-visit with a response within a few hours
has improved the care of outpatients and allowed more access
for patients who need to be seen by a provider [10,13-15,17].
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In addition, the cost of such care is greatly reduced from the
usual clinic visit [11,13,14,18,19].

The validation of non-f2f visits for sore throats is important
when determining the safety of this type of care. Potential
ramifications of not treating GAS infections include the
possibility of rheumatic fever leading to rheumatic heart disease,
invasive GAS diseases, and acute glomerulonephritis [5,20-22].
GAS tonsillitis can also lead to significant discomfort [23].
Knowledge that a sore throat is due to a strep infection versus
a viral cause could help reduce complications and get patients
back to work or school after antibiotic treatment or home care
for an upper respiratory viral infection.

Our study showed no significant difference in the percentage
of positive strep tests for each McIsaac score when compared
across f2f and non-f2f encounter types. Additionally, ROC AUC
values were very similar for the McIsaac score across encounter
types. These findings support the use of McIsaac criteria in
non-f2f encounters as being comparable to use in f2f encounters.
However, our study showed a high rate of positive strep tests
for low McIsaac scores in all encounter types (including f2f
visits) compared with the literature. Specifically, our rates of
0% to 21% positive strep tests for McIsaac scores of 0 are higher
than the published values of 1% to 2.5% [1,4,24]. Similarly, for
McIsaac scores of 1 our findings of a positive strep test of 26%
to 35% across encounter types appears higher than the published
literature of 5% to 10% [1,4,24]. This could be a result of our
methodology of including patients who did not have complete
data to calculate a McIsaac score and choosing to count missing
data (either due to not being recorded in encounters or being
answered as “I don’t know” in non-f2f encounters) as
contributing 0 points to the total McIsaac score. We attempted
to correct for this limitation by further analyzing only encounters
with no missing data to compute a score. There were only 4
encounter types with all score components with McIsaac scores
of 0, and none of these encounters had a positive strep test.
There were only 26 encounters with no missing data and
McIsaac scores of 1 with a positive strep rate of 22% to 50%.
Another consideration for the higher percentage of positive strep
tests is the presence of a carrier state since as many as 12% to
32% of children may be pharyngeal carriers of GAS [25,26]. A
throat swab would be unable to differentiate whether the
pharyngitis is due to acute GAS infection or viral illness in a
GAS carrier [25-27].

In contrast to the above findings, the percentage of positive
strep tests for McIsaac scores of 4 appears comparable to rates
listed in the published literature for all encounter types (both
for those not missing any score components and those with
missing score components). Some previous guidelines have
recommended consideration of empiric treatment for strep throat
for patients with McIsaac scores of 4 or higher [24]. Our study
lends support to empiric treatment of patients with McIsaac
scores of 4 in non-f2f encounters, as the percentage of positive
strep tests is high in this group without any significant
differences between encounter types and is consistent with the
published literature. This finding may be helpful in scenarios
where f2f visits are challenging due to geographical barriers,
reduced access to appointments in the clinics during influenza
season, or even care barriers such as our current COVID-19

pandemic. Provider visits were more complete in documenting
the McIsaac criteria than the phone triage or e-visits. In
particular, presence or absence of tonsillar enlargement/exudate
and cervical lymphadenopathy were more consistently noted
in f2f visits then in non-f2f visits. However, e-visits were
significantly less likely to be missing information on fever. No
e-visits were missing data on the presence or absence of cough;
however, this was due to the e-visit process not allowing an
answer of “I don’t know” for cough. The e-visit consists of a
series of questions to which the patient can answer yes, no, or
“I don’t know” (for most answers), making the criteria easier
to document. F2f clinic visits were not as likely as e-visits to
document fever and cough. The clinic visits do not have a
template for the McIsaac criteria, which most likely explains
this difference in documentation.

There were no differences between encounter types in the
average age of patients evaluated. Interestingly, however,
patients aged 15 to 44 years more often used e-visits as their
method of seeking care for a sore throat. This age group
consistently uses the digital platform for health care at our
institution more often than any other group. This reliance on
electronic portals for health care has been the newest method
to improve clinic access, reduce waiting time for patients
seeking answers to health questions, and improve time spent
on renewing prescriptions and allowing patients to access their
health records anytime of the day or night. As this younger
group ages, more electronic access to health care will need to
be available.

Limitations
Prima facie, our study showed a surprisingly high percentage
of positive strep tests in the lower McIsaac scores as well as an
overall high rate of positive GAS tests (49%). The high
percentage of positive GAS tests in our study (both for low
McIsaac scores and overall) is very likely due to the
retrospective methodology used. In prospective studies of the
McIsaac criteria, all patients have GAS testing done regardless
of their McIsaac score or other risk factors for a positive GAS
test [4,28]. Due to the retrospective nature of this study, only
patients who had GAS testing recommended and done as part
of their clinical care were included. This methodology means
there are likely many patients with low McIsaac scores who
were not represented in our dataset as they would have been
had this been a prospective trial. Not including these patients
with low McIsaac scores in our study (as they did not have GAS
testing done) likely elevated the positive rate for the low
McIsaac scores and thus the overall positive rate of tests as, in
a prospective trial, these patients would have had GAS tests
that would be more likely to have been negative. Specifically,
we anticipate that patients with low McIsaac scores who were
included in our study are likely to have had a higher pretest
probability of having a positive GAS test compared with patients
with low scores who were not recommended for testing. This
higher pretest probability is likely since these patients were
recommended to have GAS testing done despite a low McIsaac
score. Reasons other than a high McIsaac score that could
increase the pretest probability of having a positive test (and
thus leading to these patients being tested) could include a
history of positive GAS tests (either due to recurrent strep

J Med Internet Res 2021 | vol. 23 | iss. 12 | e25899 | p.798https://www.jmir.org/2021/12/e25899
(page number not for citation purposes)

Pecina et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


infections or carrier status) or a known strep contact. These
factors would not be reflected in the McIsaac score but would
lead to a higher pretest probability of testing positive for GAS
and may have led to recommendations for these low McIsaac
score patients to be tested, thus increasing the percentage of
low McIsaac score patients with a positive GAS test. This
would, in turn, elevate the overall positive GAS rate in our
study. This supposition is further supported by the fact that our
study has a lower percentage of patients with McIsaac scores
of 0 and 1 (14% of our study population) when compared with
a prospective multisite nationwide McIsaac validating study by
Fine et al [4], which had 41% of their study population in the
McIsaac 0 and 1 categories. A better comparison to validated
studies would be comparing higher McIsaac scores of 3 or 4
where strep testing is routinely recommended. Our study found
positive GAS rates of 54% and 63%, respectively, for these
scores. This is closer to, although still somewhat higher than,
the prospective study by Fine et al [4], where rates were 38%
and 57%, respectively. Although somewhat higher, our study
also included a significantly younger population (average 22.2
years) versus 34 years of age for Fine et al [4]. Given that
younger patients have a higher pretest probability of a positive
GAS test, this partially helps to explain the remaining
discrepancy in the positivity rate [29].

Conclusions
Measures to combat the above limitations could be a prospective
trial performing GAS testing in all patients (including all patients
with low McIsaac scores). Methods to improve non-f2f
assessment of physical exam findings could include options for
patients to send in photos of their tonsils for the e-visit and
phone encounters for a provider to review and provide that
component of the score. Additionally, photos with examples of
various degrees of tonsillar hypertrophy and exudate could be
included for patients to choose which appeared similar to their
own exam findings. Descriptions (and diagrams with location)
of cervical lymph node enlargement could also be included in
e-visits to improve patient and caregiver assessment of this
score component. Both changes have in fact been instituted in
new processes at our institution.

There is no difference in the percentage of positive GAS tests
for each McIsaac score when comparing f2f and non-f2f care.
Our study is supportive that patients with a McIsaac score of 0
and no missing score components might be candidates to safely
exclude from strep testing as none of these patients in our study
had a positive strep test; however, as our numbers for this
category are small this should be further evaluated in future
studies. Additionally, McIsaac scores of 4 or higher calculated
during non-f2f care could be considered for empiric treatment
of GAS pharyngitis without confirmatory testing, especially
when there are significant barriers to obtaining testing.
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Abstract

Background: The use of smart speakers to improve well-being had been trialed in social care by others; however, we were not
aware of their implementation in most care homes across a region in the Southwest of the United Kingdom. For the widespread
adoption of new technology, it must be locally demonstrable and become normalized.

Objective: The aim of this study was to install smart speakers in care homes in a rural and coastal region and to explore if and
how the devices were being used, the barriers to their implementation, and their potential benefits.

Methods: Email, workshops, drop-in sessions, phone, and cold calling was used to contact all 230 care homes, offering a free
smart speaker and some advisory support. Care homes accepting the devices were asked to complete a feedback diary. Nonresponse
rate for diary completion was high and was thus supplemented with a telephone survey.

Results: Over the course of 7 months, we installed 156 devices in 92 care homes for older people, 50 devices for people with
physical or mental health needs, and 8 for others. The devices were used mainly for music but also for poetry, recipes, light
controls, jokes, and video calls. Care home managers reported the benefits for the residents, including enhanced engagement with
home activities, enjoyment, calming effects, and the acquisition of new skills. Implementation problems included internet
connectivity, staff capacity, and skills.

Conclusions: Affordable consumer devices such as smart speakers should be installed in all care homes to benefit residents.
Voice-activated technologies are easy to use and promote interaction. This study indicates that implementation in care homes
was possible and that smart speakers had multifaceted benefits for residents and staff. Most care homes in this region now use
smart speakers for their residents, thereby normalizing this practice.

(J Med Internet Res 2021;23(12):e26767)   doi:10.2196/26767

KEYWORDS

voice-activated technology; smart speaker; care home; technology-enabled care; older people; learning disability; digital technology;
consumer device; smart device
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Introduction

The United Kingdom currently has 425,000 people requiring
some form of residential care in over 11,000 care homes [1]. In
Cornwall, two-thirds of care homes are for older people and
one-third for people requiring physical and mental health care.
Care homes are under pressure from an ageing population, an
underresourced workforce [2], and currently from the impact
of COVID-19.

Both the Social Care Institute for Excellence and the Care
Quality Commission recognize the importance of technology
in providing high quality care services [3,4]. For example,
technology can help address loneliness through internet training
and video call interventions [5].

Many projects have focused on cutting edge technologies still
under development [6] rather than commercially available
products that may improve quality of life now in residential
care. Exceptions include the use of affordable companion robots
[7]. Implementing technology use such as Skype (Microsoft
Inc) in care homes has not always been straightforward [8].
Studies of smart home technology have identified desired
features such as emergency help, health monitoring, and
environmental control [9,10]; however, their implementation
may be prevented due to cost [11].

The literature has numerous examples of “pilots” and small-scale
studies and national programmes, such as the United Kingdom
“delivering assisted living lifestyles at scale” project [12,13],
which were set up to try to address implementation at scale
conceptual frameworks on technology implementation such as
Greenhalgh’s Non-adoption, Abandonment, Scale-up, Spread,
Sustatinability framework [14], May and Mair’s Normalization
Process Theory (NPT) [15], the longer standing Technology
Acceptance Model [16] and the Unified Theory of Acceptance
and Use of Technolgy [17], and the original work of Roger [18]
all include the idea of demonstrability at scale and reaching
critical mass [19]. Although the Unified Theory of Acceptance
and Use of Technology 2 framework has previously been used
to examine the adoption of voice-activated digital assistants
with community-dwelling older adults [20], we find the NPT
framework to be more appropriate for assessing and enhancing
the implementation of complex interventions into routine
practice, the process known as normalization. The 4 NPT
components for the successful integration of interventions are
coherence, cognitive participation, collective action, and
reflexive monitoring.

Smart speakers became commercially available in 2014 [21]
and have seen a rapid uptake with 20% of households now
owning one [22]. In 2018, those aged 55 or older comprised
33% of smart speaker ownership, while 14- to 18-year-olds
comprised only 10% [23]. Smart speakers are currently available
from providers such as Amazon, Google, and Apple, and vary
in shape, size, and cost, with some models having screens and
cameras. For example, the Amazon Echo also contains a
“drop-in” capability where devices, even if in different locations,
can be linked and act as an intercom. Most also have the added
capability of controlling appliances such as light bulbs, smart
doorbells, and heating systems to create a “smart home.” Popular

uses for speakers include music, information seeking, and
entertainment [24,25], but they may extend to companionship,
health care support, and better sleep [26]. Speech input and
output provide increased accessibility for all users, but
particularly for those with limited mobility and vision.

Hampshire and Oxfordshire County councils implemented Alexa
devices for 60 people requiring support from social care [27,28].
Both pilot studies found improvements in service users’ ability
to remain independent and feel less isolated. In Wales, the
Innovate Trust investigated how smart speakers could meet the
needs of adults with learning differences and reduce staff
workload, thus saving money [29]. They estimated a potential
saving of £20,000 (US $26,434) per year across two assisted
living sites. There are an increasing number of studies examining
the use of smart speakers among community-dwelling older
adults [30], with qualitative feedback demonstrating commands
on first interaction, which included asking for health care-related
questions [31]. Although the results of a survey showed that
half of care home staff think artificial intelligence in devices
such as smart speakers should be in use to help care for residents
[32], we found no evidence of the previous implementation of
smart speakers in care homes at the majority of sites across the
region under study.

The eHealth Productivity and Innovation in Cornwall and the
Isles of Scilly (EPIC) project aims to develop the eHealth sector
working with both the demand—improving the capability and
capacity for using digital technologies—and the supply through
supporting small companies producing new products and
services. Early workshops identified loneliness as a major health
problem and lack of skills in using technology in care homes
as a barrier [33]. Voice technology was identified as an area
where local expertise could be expanded, but it was clear that
its use needed to be normalized [34], and a large user base would
provide the incentive of a local market.

This study aimed therefore to address the loneliness and mental
well-being of care home residents and at the same time to
stimulate the improved uptake of technology in the care home
sector, raising awareness and normalizing the use of video calls
and voice-activated technologies among care home staff. We
aimed to create an expectation of use across the sector.

We aimed to give at least one smart speaker device to 150
(65.2%) of 230 Cornish residential care homes and to explore
if and how the devices were used, the barriers to their
implementation, and their potential benefits.

Methods

Study Design
This mixed methods implementation study used care home staff
diaries and telephone surveys to assess the use and impact of
smart speakers. We took an eclectic approach to theory, with a
lexicon borrowing ideas of “local demonstrability” [18],
“technology acceptability” [16,17], implementation “at scale”
[13,14], and “normalization” [15]. This eclectic conceptual
framework drew mostly from NPT. The 4 NPT components
were considered in our aim to understand if the devices were
set up and used (cognitive participation), what they were used
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for (coherence), what barriers were experienced (collective
action), and any potential benefits to residents and staff
(reflexive monitoring). Ethical approval was granted by the
Faculty of Health Ethics Committee (reference 18/19-1054).

Choice of Smart Speakers
We aimed to implement devices that offered the possibility of
video calls through a screen. In December 2018, the most
appropriate device on the market was the Amazon Echo Spot

(Figure 1; Multimedia Appendix 1). At Amazon’s suggestion,
the Amazon Kindle Fire (Multimedia Appendix 1) was trialed
in some homes. Early feedback indicated that Echo Spot devices
were more physically robust, and Kindle Fires looked more like
“regular tablets,” which some homes owned and had limited
use for. With this feedback, Echo Spots were distributed until
October 2019, when they were discontinued. Subsequently, we
offered homes the Echo Show 5 (Multimedia Appendix 1).

Figure 1. Amazon Echo Spot.

Care Homes
Using published lists [35] updated through local knowledge,
230 homes were identified. All homes were approached at least
once, using a combination of the recruitment methods.

Recruitment and Device Distribution
Initially, care homes were invited to 2 workshops, in West and
East Cornwall. The participants were presented with project
information and received written information, and those who
agreed to participate were provided with a device. In total, 18
homes attended the 2 workshops, and 17 agreed to take part.
Moreover, 4 further drop-in sessions were held over 5 months
to enable care home staff to speak to researchers about the
project. Those agreeing to participate were provided with a
smart speaker. Drop-in sessions were advertised via postal and
email campaigns and targeted telephone calling. Attendance at
local drop-in sessions was low (6 people at 4 sessions from over
200 invited). However, all 6 agreed to participate. A substantial
effort was also made via face-to-face recruitment with research
assistants “cold calling” approximately 150 homes to explain
the project and offer the opportunity to take a device. Cornwall
Council also emailed all homes advertising the project resulting
in 20 responses.

Support Offered to Care Homes in Using the Smart
Speaker
Ongoing support was offered to care homes by two methods.
First, the core EPIC team, who had made the initial approach

and supplied the device. A monthly email newsletter was
circulated with suggestions on different ways to use the device.
Second, Digital Health Champions were recruited via
undergraduate nursing and occupational therapy programs and
students aged 16 or more, from 2 secondary schools. Digital
Health Champions were asked to support care home staff in
using smart speakers. EPIC team members supported Digital
Health Champions with guidance on how to use the device and
monthly group Skype sessions as a group.

Data Collection
Care homes were supplied with a short user guide and a diary
to keep track of how and how often they were using the device,
any barriers and how they were overcome, and any factors that
enabled use of the device. Only 18 homes returned completed
diaries; therefore, the remaining homes were contacted in early
2020 to take part in a short telephone survey to gain feedback
on their device usage, their reason (if they were not using the
device), and where it was located. We also asked for short
descriptive accounts of their experiences including what the
device was being used for and if they had experienced any
problems. The responses were documented verbatim directly
during the telephone call. Most (142, 95%) homes provided
feedback either via diary or by telephone.

Data Analysis
Survey data were analyzed using descriptive statistics.
Descriptive experiences of the device usage, gathered from
diaries and telephone survey, were qualitatively analyzed using
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thematic analysis. We followed the 6-step guide outlined by
Braun and Clarke [36].

Results

Care Homes That Took 1 or More Devices
Of the 230 homes invited, 156 (68% initial uptake) homes took
at least 1 device (Figure 2). Six homes returned their speaker,
leaving 150 (65.2%) with devices (Figure 2). Dividing Cornwall

into 5 areas (Figure 3) aggregating primary care networks,
uptake was lower in East (44/79, 56%) and West Cornwall
(12/23, 52%) compared with the other 3 areas (67%-78%;

X2=10, 4 df; P=.04). The 150 homes with devices comprised
92 for older people (estimated resident population 2099 [24])
and 50 for those with physical or mental health needs (resident
population 1097). Moreover, 10 homes received a Kindle Fire,
141 an Echo Spot, and 5 an Echo Show 5.

Figure 2. Flowchart of recruitment, interventions, and data collection.
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Figure 3. Location of 230 care homes in Cornwall and the Isles of Scilly showing 150 that accepted a smart speaker device and 80 that did not by
primary care network areas. PCN: primary care network.

Care Homes That Returned or Did Not Take a Device
The reasons for the 6 returned devices were as follows: (1)
management concerns about access to confidential information;
(2) staff thinking it was inappropriate for their clients; and (3)
lack of internet access. Of the 72 homes (resident population
1740), not taking devices, 3 “positively” declined but 69 did
not respond.

Device Usage
Most (142, 95%) care homes provided feedback (Figure 2), of
which three-quarters (107/142, 75%) were currently using the
device (Table 1). More homes caring for older people were
using the device than homes for people with physical and mental

health needs (82% vs 61%; X2=7.1, 2 df; P=.03). Most homes
(70/107, 65%) placed the device in communal areas such as
living or dining rooms. Homes caring for older people were
more likely to move the device around (26/75, 35%) compared
with homes for people with physical or mental health needs
(2/27, 7%) (Table 1).
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Table 1. Care homes using one or more devices at follow-up, by care home type.

Total, nHomes not using the device, n (%)Homes using the device, n (%)Homes, n (%)Home type and location of use

9116 (18)75 (82)Older people

26 (35)Moveable

44 (59)Communal

5 (7)Other

4417 (39)27 (61)Physical or mental health needs

2 (7)Moveable

22 (81)Communal

3 (11)Other

72 (29)5 (71)Other

0 (0)Moveable

4 (80)Communal

1 (2)Other

14235 (25)107 (75)N/AaTotal

aN/A: not applicable.

Thematic Analysis
We identified 5 themes and 26 subthemes, which can be seen
in Multimedia Appendix 2.

Usage
Virtually all (103/107, 96%) homes used devices for music and
audio including listening to the radio, creating playlists, listening
to Christmas carols, background music, and audiobooks
(Multimedia Appendix 2). More than half (62/107, 58%) used
it for information seeking, asking the speaker for the news,
weather, and checking tide times when arranging walks. A third
(35, 33%) used it for quizzes and games, 18 (17%) for jokes
and comedy, and 4 (4%) for reminders. Eleven homes (10%)
reported “general engagement” with residents talking to and
engaging with the smart speaker. One manager reported “We
have a resident who just loves to shout at Alexa, she gets in the
neck but because she’s compliant, the resident loves it!” Video
calling was reported by only 6 (6%) homes, although some
homes expressed a desire to use it but had not yet tried.
However, 2 (2%) homes were using screens as part of other
activities (including watching videos), 8 (7%) in sing-along
sessions, and 3 (3%) using the “drop-in” feature. One (1%)
found the screen useful when running quizzes or adding
enjoyment to listening to music.

Moreover, 4 (4%) homes reported “advanced use” such as
connecting multiple devices to create a “call bell” for one
bedbound resident; “We use it as a makeshift call button, which
is linked to all the other devices; when the person presses the
button, a song plays across the whole house, and we know he
needs support.” One (1%) used the device to integrate with other
smart technology.

Benefits Associated With Use
In most homes (83/107, 78%) all residents had access to the
device, 10 (9%) reported 75%-90% access, and 14 (13%) with
more limited access. In diaries and telephone surveys, staff

relayed benefits of using the speakers despite not being directly
asked. These benefits were grouped into 5 themes (Multimedia
Appendix 2). The most frequently reported benefit was resident
enjoyment (36/107, 34%). For example, one reported, “the
person we support has started to really enjoy music and will
dance, relax, or feel vibrations on the echo spots speaker,” and
another, “this has brought great joy and laughter to the home.
Lots of dancing and singing currently taking place.”

Relaxation and calming were reported by 11 (10%) homes; for
example, “when a client is suffering from agitation we asked
for thunderstorms and the results where amazing relaxed the
client almost within minutes and he slept peacefully.” Seven
(7%) homes reported that the device offered companionship,
one saying “Alexa is the resident’s companion that never sleeps,
she is always there if a resident can’t sleep and wants some
company.” Four (4%) homes reported the acquisition of a new
skill set for residents as a benefit. One said “our resident has a
speech difficulty, so struggles to ask it things, but it helps her
to communicate more clearly. She sees staff using it and tries
to copy.” The less frequently reported benefits were the time
saved (2/107, 2%), increased staff engagement (3/107, 3%),
and ease of use (2/107, 2%).

Barriers Associated With Nonuse
Among the 35 care homes that reported not using the device,
15 (43%) belonged to a care provider whose IT specialist raised
concerns about data protection (Multimedia Appendix 2). Other
reported barriers included lack of time and resource (7/35, 20%),
internet connectivity (4/35, 11%), and lack of skill or confidence
around technology (6/35, 17%).

Barriers Associated With Use
Most homes using their device (75/107, 70%) reported no
barriers setting up and using the speaker. Homes who expressed
issues most frequently reported internet connectivity problems
(14/107, 13%). Nine (8%) homes reported device limitations
including the smart speaker’s inability to understand certain
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residents because of speech difficulties or not using the “desired”
language. Barriers to video calling included reluctance from
family members and limitations associated with moving the
device.

In 2 (2%) homes, residents had broken the device; however,
both homes had repurchased devices and placed them in more
secure locations. Four (4%) homes reported that the device
caused confusion, or residents disliked it; however, in most
cases, this was part of an adjustment period. One said, “I think
originally they were a little suspicious of the speaker, but now
they take it in their stride and just accept that they can ask this
small ‘box’ questions!”

Data protection concerns were reported by 1 home with a device
in use. Only 1 home reported resident inability to operate the
device as a problem. A lack of skill or confidence in staff was
reported by 1 home as a concern.

Support Offered and Requested
Twenty (19%) homes contacted the core EPIC team between
April 2019 and February 2020. Nine (8%) homes wanted support
including with setup, internet connectivity, connecting two
devices, or using Skype. Four (4%) homes requested an
additional device, 1 wanted a device with a bigger screen, 1 to
exchange their Fire tablet with a Spot, and 5 homes requested
further support from a student to use the speaker more
effectively.

Moreover, 24 university and 8 secondary school students became
Digital Health Champions and borrowed a device. Each
university student was assigned at least 2 care homes. Of the
recruited care homes, 122 (81%) were linked with a Digital
Health Champions and offered support via email, phone, or
occasionally face-to-face. However, only 11 homes provided
the students with feedback, despite numerous attempts to contact
their care homes.

Discussion

Implementation at Scale and “Normalization” of Use
We aimed to get smart speaker devices used in 65% of care
homes. This proved challenging but was achieved, benefitting
residents and creating a “user base” of voice-activated devices.
Although at follow-up 25% (35/142) were not yet using the
device, redistribution and prompting was likely to bring these
devices into use. Overall, there was emerging “normalization”
[34] of smart speaker use in care homes in Cornwall.

Uses and Benefits
Similar to pilot projects conducted in Oxfordshire and
Hampshire [27,28], we received positive feedback on the use
of smart speakers. Their use was similar to that in the general
population [24,25], music and information-seeking being the
most popular. While music is a basic function, its use supported
opportunities for reminiscence; the speakers provided soothing
music with end-of-life care, calming the residents.

Smart speakers may help reduce loneliness and increase
independence [27,28]; 6 of our homes stated that the devices
provided companionship for residents. Further exploration of

functions that support independence, particularly for those living
with physical or mental health needs, is required. For example,
the “reminder” function has been shown to benefit individuals
requiring support while living in their own homes [27,29,37],
but only 4 of the 150 homes in our study reported spontaneous
use of this function.

Similar to the findings by Pradhan et al [11], our results
demonstrated unexpected uses, including 2 homes where the
residents’ interaction with the smart speaker provided
opportunities to practice and improve expressive language skills.

Barriers to Implementation
Implementing new technology in care homes can prove
challenging. Zamir et al [5] found that implementing video calls
within care homes faced barriers such as staff turnover and lack
of family commitment. In our study, only 6 homes reported
using the devices to make video calls, suggesting that cheaper
devices without screens could be used instead. However, screens
were used intuitively as part of other activities including reading
lyrics for sing-along sessions and displaying pictures to support
information seeking. It remains to be seen how the COVID-19
pandemic has affected the use of video calls within care homes
to overcome “shielding.”

Studies have cited the lack of digital literacy as a barrier to smart
speaker use for individuals requiring social care support at home
[27]. Only 1 home in our study that used a device reported a
lack of confidence or skill as a barrier; however, for those not
yet using it, a lack of skill among staff was a concern. One issue
experienced by homes was insufficient internet connectivity;
however, outages of Wi-Fi or main power did not pose an
unacceptable inconvenience, nor did they seem to inhibit
continued use. Changing working methods is always difficult
[29], and undertaking activities to increase digital literacy of
care home staff could facilitate adoption of voice-activated
technology.

As Hoy [21] also found, privacy and data protection using smart
speakers was of concern for a few homes and 1 home using the
device at follow-up. Such concerns therefore appeared to inhibit
adoption but did not limit use once installed. Others have found
patient privacy and data protection concerns where there is more
specific health care use [38], yet a pilot project in Stoke-on-Trent
concluded that while concerns related to privacy and
accessibility cannot be ignored, smart speakers may partially
solve some problems facing primary care [39]. Our research
suggests that smart speaker use in communal areas of care
homes for mainly entertainment purposes creates few privacy
concerns. Undertaking activities to increase digital literacy
including knowledge of data security of care home staff could
facilitate adoption of voice-activated technology for more
health-related and care-related uses.

In our study, only 1 home refused to participate based on “not
liking technology.“ However, others may find that cultural
change hinders wider adoption. Changing working methods is
always difficult, as found by a Welsh project on smart speakers
in supported living [29]. Undertaking activities to increase
digital literacy of care home staff could facilitate adoption of
voice-activated technology.
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Negative Outcomes
None of the homes reported distress linked to the use of smart
speakers, and only 4 homes reported temporary dislike or
confusion by residents. However, confusion around the device
did not typically affect enjoyment. Other reports suggest people
with dementia have shown distress at having a robotic voice
speaking to them [40]. How smart speakers are perceived and
are of benefit to those experiencing dementia requires more
in-depth exploration.

Supporting Installation of New Technology
Although all care homes had the offer of help from a Digital
Health Champion student, we had few (20/150) requests for
support. In some cases, Digital Health Champion students were
particularly active; but overall, this aspect of the project had
limited uptake as students had difficulty contacting care homes,
with most requests for help being received by the core research
team. This may be due to the initial personal contact made for
distributing the devices.

Future Uses
As the use of smart speakers becomes normalized in care homes,
one might expect an increased use for other purposes such as
providing health care information or advice to staff. This extends
the use beyond entertainment, and further research is needed to
evaluate effective workflows [41]. Further research is also
needed on designing voice user interfaces for health care, as
current design training for voice interfaces is relatively limited
[42].

Limitations
The feedback collected was primarily from one person, usually
the manager, and therefore may only represent a single
stakeholder perspective. To gain more in-depth understanding
of the practical use, barriers, and facilitators of smart speakers,
further research is needed from a broader stakeholder base
including residents, families, and the Digital Health Champions.
On collection of feedback, homes were not specifically asked
to share the benefits of device usage; therefore, the benefits
experienced may be understated. We had hoped that care homes
would keep diaries and be able to tell us how many of their
residents interacted with the smart speakers, but this data
collection proved impractical. Systematic exploration of benefits
and how they related to specific smart speaker “skills” and
subsets of service users will be important for future research.
Further exploration of the sustainability of benefits of the smart
speakers is required in the longer term beyond 3-6 months.

Conclusions
This study demonstrated that most care homes are prepared to
install and use smart speakers to benefit staff and residents. As
an affordable and readily available commercial product, smart
speakers represent a highly scalable option to facilitate
technology-enabled care. Future work needs to explore how to
reach the remaining care homes, deal with cybersecurity
concerns, highlight beneficial “skills” for residents in the longer
term, and investigate the impact on staff workload. This may
lead to opportunities for smart speaker software development
supported by local small and midsize enterprises.
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Abstract

Background: Inequities in access to health services are a global concern and a concern for Canadian populations living in rural
areas. Rural children hospitalized at tertiary children’s hospitals have higher rates of medical complexity and experience more
expensive hospitalizations and more frequent readmissions. The 2 tertiary pediatric hospitals in Alberta, Canada, have already
been operating above capacity, but the pediatric beds at regional hospitals are underused. Such imbalance could lead to poor
patient safety and increased readmission risk at tertiary pediatric hospitals and diminish the clinical exposure of regional pediatric
health care providers, erode their confidence, and compel health systems to further reduce the capacity at regional sites. A
Telemedicine Rounding and Consultation for Kids (TRaC-K) model was proposed to enable health care providers at Alberta
Children’s Hospital to partner with their counterparts at Medicine Hat Regional Hospital to provide inpatient clinical care for
pediatric patients who would otherwise have to travel or be transferred to the tertiary site.

Objective: The aim of this study is to identify perceived barriers and enablers to implementing the TRaC-K model.

Methods: This study was guided by the Theoretical Domains Framework (TDF) and used qualitative methods. We collected
qualitative data from 42 participants from tertiary and regional hospitals through 31 semistructured interviews and 2 focus groups.
These data were thematically analyzed to identify major subthemes within each TDF domain. These subthemes were further
aggregated and categorized into barriers or enablers to implementing the TRaC-K model and were tabulated separately.

Results: Our study identified 31 subthemes in 14 TDF domains, ranging from administrative issues to specific clinical conditions.
We were able to merge these subthemes into larger themes and categorize them into 4 barriers and 4 enablers. Our findings
showed that the barriers were lack of awareness of telemedicine, skills to provide virtual clinical care, unclear processes and
resources to support TRaC-K, and concerns about clear roles and responsibilities. The enablers were health care providers’
motivation to provide care closer to home, supporting system resource stewardship, site and practice compatibility, and motivation
to strengthen tertiary–regional relationships.

Conclusions: This systematic inquiry into the perceived barriers and enablers to the implementation of TRaC-K helped us to
gain insights from various health care providers’ and family members’ perspectives. We will use these findings to design
interventions to overcome the identified barriers and harness the enablers to encourage successful implementation of TRaC-K.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e28610 | p.813https://www.jmir.org/2021/12/e28610
(page number not for citation purposes)

Bele et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:jamichelle.bailey@albertahealthservices.ca
http://www.w3.org/Style/XSL
http://www.renderx.com/


These findings will inform the implementation of telemedicine-based interventions in pediatric settings in other parts of Canada
and beyond.

International Registered Report Identifier (IRRID): RR2-10.1186/s12913-018-3859-2

(J Med Internet Res 2021;23(12):e28610)   doi:10.2196/28610
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Introduction

Background
The World Health Organization considers “providing equitable
access to people-centered care” as one of the key components
of a well-functioning health system [1]. In Canada, almost
one-fifth of the population (18%) lives in rural communities,
but they are served by only 8% of the physicians [2]. Evidence
suggests that rural children hospitalized at tertiary children’s
hospitals have higher rates of medical complexity and
experience more expensive hospitalizations and more frequent
readmissions [3]. Although inequitable access to health services
is a global concern, it is paramount for provinces in Canada to
efficiently allocate health resources to reduce health care
spending and provide equitable access to pediatric patients in
nonmetropolitan and rural communities.

Alberta Children’s Hospital (ACH) and Stollery Children’s
Hospital are the 2 tertiary pediatric hospitals in Alberta. Several
regional hospitals throughout the province also have dedicated
pediatric beds. Medicine Hat Regional Hospital (MHRH) is one
such regional hospital located 300 km southeast of Calgary.
Alberta Health Services (AHS) is the single health authority for
Alberta province and is the largest such organization in Canada.
Both ACH and MHRH are part of AHS. In 2015-16, ACH
operated at 95.1% of its bed capacity half of the year and at
more than 100% during the rest of the year. During the same
year, MHRH showed only 57% occupancy rates. Furthermore,
in that same year, 28% of the total pediatric inpatient days of
stay at ACH were used by 19% of the pediatric patients from
the MHRH catchment area. High bed occupancy is not only
associated with poor patient safety, high mortality rates, and
increased readmission risk, but it also increases the stress of
health care providers [4,5]. In contrast, low use of beds in
regional hospitals may diminish the clinical exposure of regional
pediatric health care providers, erode their confidence, and
compel health systems to further reduce the capacity at regional
sites, which hampers access to specialized care for rural patients
[6].

Telemedicine is a way to address tertiary–rural imbalances in
health care delivery. The World Health Organization defines
telemedicine as “healing at a distance” through the use of
information and communication technologies (ICTs) [7]. The
use of telemedicine enables health care systems to connect
patients with health care providers in underserved areas, save
time and travel expenses for the patients and their families,
increase efficiency, and improve quality of care while supporting
health care providers at rural, regional, or community health

care sites [8,9]. Telemedicine is an umbrella term that
incorporates the use of various forms of ICTs, including but not
limited to telephone, electronic messaging, SMS text messaging,
mobile apps, and audiovisual tools to provide clinical care.
Among these various ICT applications, audiovisual systems are
the most promising because they provide an opportunity for
real-time audiovisual communication between 2 sites, which
facilitates better understanding of a patient’s clinical condition,
more accurate diagnosis and clinical management, and enhanced
communication between personnel at both sites [10]. A growing
body of evidence suggests that telemedicine has the potential
to bridge geographical barriers to providing clinical care, ranging
from diagnosis and active management to maintaining continuity
of care for pediatric patients [8]. The educational applications
of telemedicine lie in its ability to connect tertiary teaching
hospitals with community or rural practices, allowing
bidirectional flow of information [11]. Telemedicine also
enhances personal relationships between rural pediatricians and
subspecialists [12].

Telemedicine-Facilitated Model for Inpatient Pediatric
Clinical Care
The use of telemedicine to provide outpatient clinical care is
common and usually involves a single patient visit and a few
health care providers. The imbalance in use of pediatric beds
in Alberta warrants testing innovative solutions to provide
equitable and patient- and family-centered care to pediatric
patients in nonurban and rural parts of Alberta. Therefore,
Telemedicine Rounding and Consultation for Kids (TRaC-K),
a telemedicine-facilitated model for inpatient pediatric clinical
care, is in development and will be piloted between ACH and
MHRH. This model was jointly developed by the team of health
care providers from ACH and MHRH, as well as administrators
and technical experts at AHS. TRaC-K will enable health care
providers at ACH to partner with their counterparts at MHRH
to provide inpatient clinical care for pediatric patients from the
MHRH catchment area. The model promotes regional site access
to tertiary care providers and enhances collaboration and
communication between care teams. The potential patients for
the TRaC-K model will be those who are either admitted at
MHRH and could benefit from TRaC-K to receive care at
MHRH or those from the MHRH catchment area who are
admitted at ACH but are stable and could benefit from TRaC-K
for potential early transfer back to MHRH to complete their
remaining treatment. These patients will be identified by health
care providers from both sites. A telemedicine cart with
capability to provide real-time audiovisual transmission will be
used for TRaC-K (Figure 1). Textbox 1 lists the key features
of the TRaC-K model.
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Figure 1. Mobile telemedicine cart capable of real-time audiovisual transmission.

Textbox 1. Key features of Telemedicine Rounding and Consultation for Kids (TRaC-K).

TRaC-K: key features

• Daily inpatient census and patient rounds

• Census: Monday to Friday; health care teams review patients eligible for TRaC-K at both sites

• Patient-focused consultation or rounds regarding the care of a patient at 1 site involving teams at both sites and may occur at the bedside
with the patient and family included in care planning when able and appropriate

• Telemedicine-facilitated

• Real-time audiovisual transmission using telemedicine cart (Figure 1)

• Tertiary–regional collaboration

• Collaboration between Alberta Children’s Hospital (tertiary) and Medicine Hat Regional Hospital (regional)

• Multidisciplinary teams

• General pediatricians, subspecialists, allied health professionals, nurses, and nurse educators (based on patient needs)

The patient-centered–care approach of the TRaC-K model will
benefit patients from regional catchment areas who will be able
to access tertiary hospital–level care expertise and resources
within their own region without having to travel to the
tertiary-level hospital. Families will also benefit by saving travel
time, minimizing time away from work, and being able to stay
better connected to their community support networks.

Inpatient care at both tertiary and regional sites is provided
within a complex health system with many providers and occurs
independently with limited communications through telephone
for specialist physician consultation related to the care of
patients. Therefore, it is important to apply rigorous methods
to understand the potential influences on behavior in the context
in which it will occur and understand the mechanisms of change
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even before implementation of the intervention. There exist
several models and frameworks for assessing and identifying
barriers and enablers to implementation of eHealth interventions,
but their focus lies on technological aspects rather than
behavioral determinants at the individual level. In the TRaC-K
model, technology acts as the facilitator for the clinical model
through behavior change. Implementing the TRaC-K model
requires change in individual and collective behaviors of all
stakeholders involved (ie, physicians, nurses, allied health
providers, hospital and unit managers and administrators,
patients, and families). Therefore, to systematically identify the
stakeholders’ perceived barriers and enablers to the
implementation of the proposed TRaC-K model of inpatient
pediatric care, we used the Theoretical Domains Framework
(TDF). The TDF provides a theoretical lens to identify barriers
and enablers to change to inform implementation of an
intervention in local contexts. The TDF consists of 84 theoretical
constructs that are refined into 14 domains [13,14]. The TDF
has been used widely to identify behavioral determinants to
implementation of health care interventions [15-17].

Therefore, a study identifying perceived barriers and enablers
such as health care providers’ skills, their perceptions of
compatibility of the TRaC-K model, and their motivations to
provide virtual care would help in the implementation of
TRaC-K, especially in the local context of Canada’s first and
largest province-wide, fully integrated health system. A paucity
of evidence in the scientific literature regarding the
implementation of such interventions undermines telemedicine’s
potential to provide high-quality, cost-effective, patient- and
family-centered, and equitable clinical care [18,19]. To our
knowledge, no other study has comprehensively studied barriers
and enablers to such telemedicine models of inpatient pediatric
clinical care.

The COVID-19 pandemic has exponentially increased the uptake
of telemedicine in clinical care; however, to our knowledge,
TRaC-K is the first telemedicine-facilitated model to provide
inpatient clinical care for pediatric patients. Therefore, the
objective of this study is to conduct a systematic and
theory-informed identification of barriers and enablers to the
implementation of the TRaC-K model between ACH and
MHRH.

Methods

Design
This study is part of a larger multiphase project to develop,
implement, and evaluate a virtual tertiary–regional telemedicine
rounding and consultation model of inpatient pediatric care.
This is a qualitative descriptive study guided by the TDF. The
protocol of this study has been published elsewhere [20].

Ethics
Ethical approval for this study was obtained from the Conjoint
Health Research Ethics Board at the University of Calgary
(REB17-1435). Administrative approval for this project was
also obtained from AHS.

Setting
Participants were selected from ACH and MHRH. ACH is
located in Calgary; with 141 beds, it is the largest tertiary
pediatric hospital in Alberta. MHRH is located in the city of
Medicine Hat, Alberta. It is a 325-bed regional hospital with
10 dedicated beds for pediatric patients, excluding the neonatal
intensive care unit.

Participants
We recruited a stratified purposive sample of clinical
stakeholders at ACH and MHRH. In addition, we invited family
caregivers of pediatric patients with a history of availing
inpatient medical services at both ACH and MHRH in the last
3 years to participate in this study. At ACH, we recruited
participants by sending an email describing the study, which
included an invitation to participate, to unit and allied health
managers as well as physician leaders to distribute among their
respective teams. We also contacted administrators, including
senior leaders at ACH, through email. At MHRH, we recruited
participants by sending an email describing the study, which
included an invitation to participate, to site pediatric managers
and the physician coinvestigator of the study who also
distributed it among their respective teams. At ACH,
pediatricians and Family Advisory Council members suggested
the names of family caregivers meeting our criteria as potential
study participants; at MHRH, a single pediatrician obtained the
consent to contact from family caregivers to participate in this
study. We contacted these family caregivers through email.
Interested participants replied to the emails, and we contacted
them to set up an in-person interview or telephone interview or
focus group. Participant recruitment continued until saturation.
We offered a CAD $15 (US $12) gift card honorarium to all
participants for their participation in the study.

Interview Topic Guide
The TDF informed the interview guide, with 2-4 questions
formulated to explore each of the 14 TDF domains (Multimedia
Appendix 1). Investigators with expertise in implementation
science (CC and JC) provided guidance to develop the interview
guide. Next, members of the research team reviewed the guide
to refine it further. We used the same guide for the focus groups,
but fewer key questions were asked to initiate the discussion
on different TDF domains. We modified some of the questions
for the interviews with family caregivers of pediatric patients.

Procedure
A single interviewer (SB), who has expertise and experience in
qualitative research, conducted all the interviews and focus
groups at ACH and MHRH. For the focus groups, a notetaker
accompanied the interviewer to take field notes. Before each
in-person interview or focus group, we reviewed the written
consent form, and each participant signed it. We excluded
administrators from both the focus groups to prevent the power
differential from influencing group dynamics during the focus
group discussions. For the telephone interviews, we emailed
the consent form to the participants before the interview and
obtained written consent at the beginning of the interview. In
addition, all participants from ACH and MHRH, including
family caregivers, completed a brief demographic form.
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Individual interviews lasted 30-60 minutes, and each focus
group lasted approximately 50 minutes. We audio recorded and
transcribed verbatim all the interviews and focus group
discussions. Subsequently, we imported all the transcripts into
NVivo software (version 11; QSR International) to code,
organize, and manage the data to facilitate analysis.

Data Analysis
Before analyzing all the data, 2 reviewers from the research
team (SB and CC) independently coded 2 randomly selected
transcripts to discuss consistency in coding and develop a
codebook. Discrepancies were resolved through discussion. On
the basis of this discussion, a codebook was developed, and a
single reviewer (SB) coded the remaining transcripts using this
codebook.

We analyzed data in 3 steps. First, a directed content analysis
approach [21] was used to categorize similar belief statements
into each of the 14 TDF domains. We cross-indexed similar
statements in multiple domains if they were relevant to more
than one domain. Second, we used an inductive coding approach
[22] to group similar belief statements to form subthemes within
the initial coding scheme of the 14 TDF domains. Finally, as a
study team, we further examined these subthemes to aggregate

and reword before categorizing them into barriers and enablers.
To prepare the results, we tabulated the subthemes within each
TDF domain and tabulated larger themes into barriers and
enablers separately. Quotations illustrating core beliefs are used
to highlight subthemes in each domain.

Results

Interviews and Focus Groups
All the interviews and focus groups were held over a 10-month
period (from November 2017 to August 2018). We conducted
31 interviews and 2 focus groups. At ACH, we conducted 15
semistructured individual interviews and 1 focus group. At
MHRH, we conducted 16 semistructured individual interviews
and 1 focus group. A total of 29 interviews were held face to
face, whereas 2 interviews were conducted by telephone because
of the inability of the participants to travel to either ACH or
MHRH. The ACH focus group consisted of 5 participants,
whereas the MHRH focus group included 6 participants. Both
focus groups included pediatricians, nurses, and other allied
health professionals. Thematic saturation where no new
information was achieved was reached after interviewing 42
participants (see Table 1 for characteristics of the participants).

Table 1. Characteristics of study participants (N=42).

ParticipantsCharacteristics and category

Gender, n (%)

3 (7)Male

39 (93)Female

Site, n (%)

20 (48)Alberta Children’s Hospital

17 (40)Medicine Hat Regional Hospital

5 (12)Family members

Position, n (%)

7 (16)Administrator

8 (19)General pediatrician

2 (5)Pediatric subspecialist

10 (24)Nurse

10 (24)Allied health professional

5 (12)Family member

Focus group participants, n (%)

5 (45)Alberta Children’s Hospital

6 (55)Medicine Hat Regional Hospital

During data analysis, key statements demonstrating the beliefs
of participants were attributed to each TDF domain. Next, the
statements in each domain were grouped to form subthemes.
Multimedia Appendix 2 lists all 14 domains of the TDF, their
definition, subthemes, and representative quotes for each
subtheme.

Barriers and Enablers to Implementing TRaC-K
The subthemes identified in each domain (Multimedia Appendix
2) were further categorized and tabulated into barriers and
enablers. This study identified 4 barriers and 4 enablers to the
implementation of the TRaC-K model, which are presented in
Table 2.
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Table 2. Telemedicine Rounding and Consultation for Kids (TRaC-K) barriers and enablers.

Theoretical Domains Framework domain sourceThemes and subthemes

Barriers

Awareness of telemedicine

1Limited awareness about the use of telemedicine in pediatric clinical care

Skills to provide virtual clinical care

2Lack of skills to communicate over the screen

2Lack of clinical assessment skills to provide care over the screen

2Lack of technical skills

Processes and resources to support TRaC-K

5, 6Unclear processes as a potential source of harm

4, 6, 10, 11Considering challenging clinical circumstances

10Physical environment

14Absence of dedicated personnel

11Difficulties in scheduling

3Paucity of professional guidelines

Provider roles and responsibilities

4Concerns about clear roles and responsibilities

4, 6Lack of workflow integration

11, 7Increased workload and competing priorities

Enablers

Motivation to provide care closer to home

3Desire to provide care closer to home

5Confidence in TRaC-K

8High importance

13Excitement

System resource stewardship

3, 6Balancing provincial resources

4Ability to provide tertiary-level care at regional sites

3, 7Redistribution of patient load and resources; care closer to homes

Site and practice compatibility

9Compatible with current practice

12Buy-in from key stakeholders

14Education for potential TRaC-K users

Motivation to strengthen tertiary–regional relationships

3, 6Opportunity for trust building

3, 7Opportunity for educational exchange

Barriers

Theme 1: Awareness of Telemedicine
Overall, there was limited awareness about the use of
telemedicine in pediatric clinical care. All participants were
aware of telemedicine in some form such as telephone calls or
Skype video meetings among health care providers or between
health care providers and patients. Most respondents had heard

about telemedicine in adult care or in other jurisdictions of
Canada or in the United States. Participants from MHRH were
aware of outreach clinics where Medicine Hat patients have
direct telemedicine consults with their pediatric specialists at
ACH, but MHRH pediatric unit staff are not involved in these
consults. Some of the participants reported that they have used
or heard of telemedicine being used to provide specific types
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of care, such as transition of care or use of synchronous
audiovisual telemedicine by the patient transport team.

At the time of the interviews, awareness about using
synchronous audiovisual technology for rounding and
consultation in inpatient pediatric care was very low. Almost
all participants reported that this was the first time they were
hearing about a telemedicine-based model of inpatient pediatric
care.

Theme 2: Skills to Provide Virtual Clinical Care
Participants identified a number of skills that were currently
lacking and would need to be developed to use TRaC-K
successfully. All respondents acknowledged the difference
between in-person and virtual communication; therefore, they
underlined effective communication as an important skill for
the TRaC-K model of care. Family members also highlighted
that lack of proper communication skills would hamper
developing trust and building rapport between patients and
health care providers and among health care provider teams.
Health care providers at both sites reported that well-organized
communication with an ability to verbalize findings, being
concise with the information, and framing proper questions
would be essential components of communication skills required
to provide care through the TRaC-K model. MHRH providers
also pointed out that as health care providers at a regional site,
MHRH team members would sometimes have to be assertive
during the TRaC-K rounds.

In terms of using clinical skills in a virtual health environment,
health care providers at ACH believed that they would have to
rely on team members at MHRH for clinical observations. In
addition, they would have to improve their skills to virtually
assess patients over the screen. In contrast, health care providers
at MHRH believed that because of TRaC-K, they would have
to handle patients with higher acuity; therefore, they might have
to advance their assessment skills to make decisions about a
transfer to ACH. They might also have to advance their practical
skills to perform new or less familiar procedures.

Finally, participants also stressed the importance of technical
skills to handle the telemedicine cart and their ability to
troubleshoot any technical issues during rounds.

Theme 3: Processes and Resources to Support TRaC-K
Participants identified that lack of clear processes and resources
could be an important barrier to successfully use TRaC-K. Most
of the participants did not think there was any harm in providing
care using the TRaC-K model, but several participants identified
some potential harms such as overreliance on technology and
incorrect use of this mode of providing care if processes were
unclear. Health care providers mentioned a need for specific
processes for using TRaC-K in challenging clinical situations
as well as ensuring resources to support care in these situations.

Participants highlighted the inability to perform physical
examinations and potential miscommunication as sources of
adverse outcomes for patients. Health care providers raised
concerns about potential delay or failure in recognizing and
managing patients whose condition was deteriorating because
patients’ conditions may change quickly. Health care providers

mentioned that because of lack of resources at MHRH, their
decision to directly transfer patients to ACH instead of using
TRaC-K would be influenced by the need to treat patients
classified as acute, especially those with life-threatening
emergencies such as respiratory arrest and cardiac arrest as well
as those requiring intubation. In addition, health care providers
listed clinical situations when it would be difficult to provide
care using TRaC-K, such as those requiring hands-on care by
specialists as well as those involving mental health issues,
palliative care, child abuse cases, patient counseling, and patients
with complex care needs. Therefore, it was suggested to
establish good criteria to determine the kinds of patients who
are appropriate to receive care using TRaC-K and those who
are not appropriate.

Health care providers also noted several family factors that
could contribute to challenging situations, such as
non–English-speaking patients, cultural minorities, and families
with significant stressors. They highlighted the importance of
acceptance of TRaC-K by patients and their families.
Participants suggested that one of the ways to mitigate these
issues was to educate patients and their families about the
TRaC-K model by explaining the reasons for using TRaC-K
when they are admitted at MHRH or ACH and addressing any
concerns they might have. Other forms of support, such as the
Language Line telephone interpreting service to provide care
for non–English-speaking patients and billing codes for MHRH
pediatricians, were also identified by a few MHRH health care
providers.

Specific resources such as the setup of the physical environment
and availability of personnel for coordination of TRaC-K were
mentioned by many participants. According to participants,
factors related to the physical environment, such as the ease of
moving the TRaC-K cart among different rooms, size of the
patient rooms, and privacy in these rooms, might hinder the use
of TRaC-K.

According to many participants, the implementation of TRaC-K
involves several logistical issues such as testing technology,
scheduling, and coordinating between the 2 sites. Scheduling
TRaC-K rounds as part of the workflow and background
coordination were consistently highlighted as some of the major
challenges. Participants stressed the importance of having
support in place before providing care using the TRaC-K model,
and they indicated that having dedicated TRaC-K coordinators
at ACH and MHRH would address many barriers.

All participants were asked if they were aware of any practice
guidelines from their professional organizations regarding
telemedicine-facilitated care. Interestingly, almost all were
unsure or unaware of any relevant practice guidelines. Many of
them guessed that the use of telemedicine would be encouraged
by their professional organization but were not able to provide
any concrete information about what type of guidelines their
organizations want them to adhere to while providing
telemedicine-facilitated inpatient care.

Theme 4: Provider Roles and Responsibilities
Health care providers at both ACH and MHRH stressed the
importance of having clear roles and responsibilities.
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Considering the potential for conflict and medicolegal issues,
health care providers wanted clear guidelines on who holds the
primary responsibility for the patient, especially if there is
disagreement among health care providers at ACH and MHRH
in the presence of families.

Health care providers from ACH also raised the issue of their
lack of understanding of the capabilities of regional hospitals
and the staff at MHRH. The need to integrate TRaC-K workflow
into current clinical structures was also highlighted by
participants. Health care providers at MHRH mentioned that
pediatricians there provide care at their private clinics as well
as at the inpatient unit and emergency department at MHRH;
therefore, finding time to schedule their TRaC-K rounds would
be challenging. Similarly, health care providers at ACH and
MHRH also emphasized the importance of scheduling TRaC-K
rounds in advance. Health care providers at ACH also did not
want to be torn between multiple sites because this may have
a negative impact on the care they provide for their own patients
at ACH.

Participants were asked to imagine the potential changes that
would occur with the implementation of TRaC-K. Health care
providers at MHRH expressed that TRaC-K would increase
their workload because they would see more patients classified
as acute, and because of TRaC-K, MHRH patients transferred
to ACH might be transferred back to MHRH, resulting in higher
use of the pediatric unit at MHRH and increasing their workload.
Participants also shared their thoughts on the situation that would
arise if TRaC-K was not implemented. Without TRaC-K, the
status quo would continue, resulting in continuation of current
practices, including calling ACH by telephone for specialist
physician consultation, patients and families traveling to ACH,
and imbalance in bed occupancy.

Other competing priorities were also as seen as a potential
barrier. Health care providers at MHRH mentioned that they
have fewer pediatricians than ACH, and most of them have their
own private clinics; therefore, they have to provide care at
different locations, and accordingly sometimes other competing
priorities might act as a barrier to using TRaC-K.

Additional issues such as the comfort level of health care
providers at MHRH to handle patients with complex care needs
and non–English-speaking patients were also mentioned as
some of the circumstances under which it would be difficult to
use TRaC-K. Some patient-related challenges in the use of
TRaC-K were also pointed out. According to a health care
provider at ACH, some patients “like” to be at ACH for various
nonclinical reasons such as an opportunity to shop and visit the
city.

Enablers

Theme 1: Motivation to Provide Care Closer to Home
Participants at ACH and MHRH stressed the importance of
providing care closer to home, especially for pediatric patients.
Participants believed that pediatric patients and their parents
develop their social support mechanism in their own
communities; therefore, taking patients to ACH disconnects
them from such social support. The long commute (3-4 hours,
one way) between MHRH and ACH and the dangers associated

with such long-distance travel, especially during snowy winter
months, was stated as another reason for providing care closer
to home.

Most of the participants showed high confidence in TRaC-K
and affirmed that it would not drastically change the current
practice of providing care but rather enhance it. During the focus
group at ACH, a few health care providers cautioned against
overvaluing TRaC-K as a total replacement for face-to-face
care. Despite several potential sources of harms having been
identified, participants supported TRaC-K and expressed that
the benefits of using TRaC-K would outweigh potential harms
or negative consequences.

Participants also felt that the TRaC-K project was of high
importance. They were asked to rate the importance of providing
care through the TRaC-K model on a scale of 1-10, with 10
being very important. The score given by participants ranged
from 5 to 10; most rated it as 8 or 9. The reasons for giving high
scores were the TRaC-K model’s ability to keep patients and
families within local communities and its potential to improve
the quality of care. Some of the reasons cited for lower scores
were a potential increase in workload and skepticism about the
TRaC-K model’s usefulness.

In general, participants were excited about the TRaC-K model
mainly because they want to try something new and TRaC-K
offers them a novel way to care for their patients. However,
without having tried it, some participants mentioned being
optimistically cautious.

Theme 2: System Resource Stewardship
Participants acknowledged the importance of
telemedicine-facilitated pediatric care in promoting sustainability
from a health system’s perspective. Participants were aware of
overcapacity at ACH and underuse of pediatric beds at MHRH;
therefore, they recognized that the TRaC-K model would help
in balancing the patient load. According to participants, TRaC-K
would also facilitate transition of care for patients with complex
chronic conditions from ACH to MHRH. Therefore, TRaC-K
was viewed as a mechanism to address this imbalance and to
advocate for additional resources for regional sites such as
MHRH. None of the participants mentioned any personal
monetary incentives to use the TRaC-K model of inpatient
clinical care. However, the potential cost saving for AHS was
mentioned as a financial incentive at the system level.

Providing care at regional sites when possible was deemed
important for the system and for families. All participants
reiterated the important role of TRaC-K in providing patient-
and family-centered care in local communities for patients from
regional sites. Other key benefits such as prompt expert care,
faster diagnosis and treatment, and better quality of care were
also mentioned. Health care providers acknowledged that using
TRaC-K would help to provide family-centered care, and if
patients and families at MHRH felt that they were not at the
best hospital, then joint rounds using TRaC-K in their presence
would show that ACH and MHRH were working as 1 team to
provide the best care for their child. Family members mentioned
the potential reduction in wait times to see a specialist as an
incentive for them to use the TRaC-K model.
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Participants described various incentives for them to use
TRaC-K from their own perspectives. The biggest incentive for
health care providers was the professional satisfaction gained
by providing best-quality care closer to the patient’s home.

Theme 3: Site and Practice Compatibility
Participants overwhelmingly agreed that TRaC-K would be
compatible with their practice because it aligns with their
motivation to provide patient- and family-centered care and
technology is slowly changing the way care is provided;
therefore, with a few modifications, they could easily
incorporate TRaC-K into their practice or adapt their practice
to use TRaC-K.

Participants highlighted that buy-in from all health care
providers, especially from key stakeholders such as physicians
and administrators, would be essential for successful
implementation of TRaC-K. A participant even considered the
interviews and focus groups for this study as an educational
opportunity for them to know more about TRaC-K.

Many participants alluded to the importance of educating
potential users of TRaC-K, including health care providers at
ACH and MHRH and patients and their families. The
educational activities mentioned were creating educational
material, performing hands-on trials with technology, and
practicing in mock scenarios. It was suggested that to promote
family-centered care, families should be engaged right from the
beginning, with explanations of the TRaC-K model provided
to them verbally or by using pamphlets and of what they should
expect during their stay at MHRH, instead of a screen being
wheeled directly into their room and placed in front of them.

Theme 4: Motivation to Strengthen Tertiary–Regional
Relationships
Participants from MHRH affirmed that having access to, and
frequent interactions with, the teams from ACH would help
build trust between regional and tertiary health care providers.
Participants at MHRH pointed out that having access to tertiary
health care providers, including specialists at ACH, through
TRaC-K would enhance patients’ and families’ trust in MHRH
and encourage them to seek care at MHRH instead of traveling
to ACH, especially in situations where visiting ACH was
unnecessary.

During joint rounds, clinical teams from ACH would be able
to disseminate knowledge about new treatment guidelines,
procedures, and protocols for handling patients with complex
care needs among their peers at MHRH. ACH providers would
also be able to learn about the challenges and capacities of
regional sites. Participants from MHRH also viewed TRaC-K
as an opportunity to learn and receive more support from their
colleagues at ACH. Therefore, implementation of the TRaC-K
model was considered a great learning opportunity for health
care providers at both ACH and MHRH, which would enable
both sides to share clinical knowledge. Regular communication
between regional and tertiary health care providers would also
serve as additional support for newly trained clinicians moving
to regional sites because they would be able to receive second
opinions and have a new set of eyes looking at their patients.

Discussion

Principal Findings
Our study identified 31 major subthemes in 14 domains, ranging
from administrative issues to specific clinical conditions. These
subthemes were further aggregated into major themes and
categorized into 4 barriers and 4 enablers. Our findings suggest
that most of the barriers concern uncertainties associated with
potential hands-on, day-to-day use of TRaC-K. We anticipate
that some of these barriers will be mitigated once the TRaC-K
model pilot begins. On the basis of these barriers, dedicated
TRaC-K coordinators will be hired to address administrative
issues such as scheduling, providing technical support, and
streamlining the process to reduce some of the workload. Some
of the barriers identified in this study, such as lack of
information technology skills and paucity of professional
guidelines, are consistent with those identified in a study from
Australia [12]. The ongoing COVID-19 pandemic has
significantly affected the delivery of health care. Travel
restrictions and the burden on tertiary sites have created a unique
opportunity to use telemedicine. The urgency of providing
efficient clinical care during this pandemic has mitigated many
barriers to using telemedicine; however, the use of telemedicine
in the postpandemic era remains uncertain. Many health care
systems have realized the importance of telemedicine but still
struggle to use it as a long-term solution [23]. Thus, the findings
of this study remain timely and relevant.

On a positive note, the enablers demonstrate the willingness of
health care providers to embrace the change to provide patient-
and family-centered care. The enablers were also associated
with participants’ desire to change the current imbalance in
health care use between ACH and MHRH and a positive attitude
toward TRaC-K’s potential to change the status quo and
probably open new opportunities for educational exchange and
trust building between tertiary and regional sites. ACH and
MHRH are part of AHS, a single province-wide health authority,
which might have helped participants to understand the
importance of rebalancing resources between tertiary and
regional sites. The potential of these enablers will be harnessed
to encourage health care providers to use TRaC-K.

Next, the findings from this study will be used to map potential
barriers and enablers to the behavior change techniques (BCTs)
from BCT Taxonomy version 1, which is a standardized list of
93 hierarchically clustered BCTs [24]. The BCT-mapping
exercise will be conducted with the key stakeholders. The BCTs
that are likely to change behavior will be used as ways to
mitigate barriers and harness the potential of enablers. Finally,
the revised TRaC-K model will be piloted between ACH and
MHRH for 1 year. The results of the TRaC-K pilot study will
determine its feasibility and scale-up throughout the province.

The province-wide application of the TRaC-K model may
increase regional pediatric bed use at multiple regional sites,
thereby having a positive impact on the current tertiary
overcapacity crisis in Alberta. In addition to addressing the
imbalance in the use of pediatric capacities between regional
and tertiary hospitals, it is anticipated that this project will
enhance tertiary–regional collaboration, thereby supporting
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numerous other provincial goals such as provincial pediatric
guideline implementation and pediatric workforce sustainability.
AHS has created various strategic clinical networks (SCNs) as
engines for research and innovation as well as to act as vehicles
for translating evidence into practice to improve patient care
and health system performance. This project is supported by
the Maternal, Newborn, Child & Youth SCN. Therefore, the
findings of this study will be disseminated as pediatric health
services research–generated knowledge through the Maternal,
Newborn, Child & Youth SCN to drive the pilot and scale-up
of TRaC-K in Alberta.

Interventions such as the TRaC-K model could fail to achieve
the expected outcomes because of the lack of a scientific
approach to identify and address factors such as barriers and
enablers before implementation. This study contributes a
comprehensive and systematic inquiry into perceived barriers
and enablers to implementing telemedicine to the body of
scientific literature. The evidence generated from this study
would not only benefit other health care systems interested in
implementing telemedicine-facilitated interventions to provide
inpatient clinical care, but also serve as a publication to guide
other research teams undertaking similar research to identify
barriers and enablers for similar interventions within their own
contexts.

The systematic and theoretical framework–driven approach to
identify potential barriers and enablers to the TRaC-K mode is
a clear strength of this study. In addition, a major strength of
this study was the diversity of perspectives captured through
interviews and focus groups. The inclusion of families of
pediatric patients who frequently travel between ACH and other
regional sites provided patient- and family-centric insights

regarding the TRaC-K model. However, the findings of this
study must be interpreted keeping some limitations in mind.
First, this study was conducted before the COVID-19 pandemic;
therefore, some of the barriers and enablers might have changed.
Methodologically, the TDF is a framework; hence, it only
describes empirical phenomena by classifying them into sets
of domains. The TDF neither describes nor provides an
explanation for a phenomenon; nor does it specify a relationship
among its domains. Although we excluded administrators from
the focus groups to mitigate the potential power imbalance,
pre-existing professional relationships might have influenced
the opinions of some of the participants of these focus groups.
Finally, recruitment through stratified sampling required
contacting family caregivers meeting the eligibility criteria
through their pediatricians, which might have resulted in
selection bias.

Conclusions
This systematic inquiry into perceived barriers and enablers to
the implementation of TRaC-K helped us to gain insights from
health care providers’ and family members’ perspectives. We
are optimistic that the implementation of TRaC-K will be
successful based on the enablers identified through this study.
Enablers such as motivation to provide care closer to pediatric
patients’ homes and to adjust the imbalance in health care
resource use will play a key role in the implementation of
TRaC-K. The association of barriers with the uncertainties
concerning day-to-day use of TRaC-K will enable us to address
these barriers by creating clear processes and providing support
through dedicated staff. Finally, these findings will inform the
development and implementation of telemedicine-based
interventions in other parts of Canada and beyond.
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Abstract

Background: Young adults’ early adoption of new cell phone technologies have created challenges to survey recruitment but
offer opportunities to combine random digit dialing (RDD) sampling with web mode data collection. The National Young Adult
Health Survey was designed to test the feasibility of this methodology.

Objective: In this study, we compared response rates across the telephone mode and web mode, assessed sample
representativeness, examined design effects (DEFFs), and compared cigarette smoking prevalence to a gold standard national
survey.

Methods: We conducted a survey experiment where the sampling frame was randomized to single-mode telephone interviews,
telephone-to-web sequential mixed mode, and single-mode web survey. A total of 831 respondents aged 18 to 34 years were
recruited via RDD at baseline. A soft launch was conducted prior to main launch. We compared the web mode to the telephone
modes (ie, single-mode and mixed mode) at wave 1 based on the American Association for Public Opinion Research response
rate 3 for screening and extended surveys. Base-weighted demographic distributions were compared to the American Community
Survey. The sample was calibrated to the US Census Bureau's American Community Survey to calculate DEFFs and to compare
cigarette smoking prevalence to the National Health Interview Survey. Prevalence estimates are estimated with sampling weights
and are presented with unweighted sample sizes. Consistency of estimates was judged by 95% CI.

Results: The American Association for Public Opinion Research response rate 3 was higher in the telephone mode than in the
web mode (24% and 30% vs 6.1% and 12.5%, for soft launch and main launch, respectively), which was reflected in response
rate 3 for screening and extended surveys. During the soft launch, the extended survey and eligibility rate were low for respondents
pushed to the web mode. To boost productivity and survey completes for the web condition, the main launch used cell phone
numbers from the sampling frame where the sample vendor matched the number to auxiliary data, which suggested that the
number likely belonged to an adult in the target age range. This increased the eligibility rate, but the screener response rate was
lower. Compared to population distribution from the US Census Bureau, the telephone mode overrepresented men (57.1%
[unweighted n=412] vs 50.9%) and those enrolled in college (40.3% [unweighted n=269] vs 23.8%); it also underrepresented
those with a Bachelor of Arts or Science (34.4% [unweighted n=239] vs 55%). The web mode overrepresented White, non-Latinos
(70.7% [unweighted n=90] vs 54.4%) and those with some college education (30.4% [unweighted n=40] vs 7.6%); it also
underrepresented Latinos (13.6% [unweighted n=20] vs 20.7%) and those with a high school or General Education Development
diploma (15.3% [unweighted n=20] vs 29.3%). The DEFF measure was 1.28 (subpopulation range 0.96-1.93). The National
Young Adult Health Survey cigarette smoking prevalence was consistent with the National Health Interview Survey overall
(15%, CI 12.4%-18% [unweighted 149/831] vs 13.5%, CI 12.3%-14.7% [unweighted 823/5552]), with notable deviation among
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18- to 24-year-olds (15.6%, CI 11.3%-22.2% [unweighted 51/337] vs 8.7%, CI 7.1%-10.6% [unweighted 167/1647]), and those
with education levels lower than Bachelor of Arts or Science (24%, CI 19.3%-29.4% [unweighted 123/524] vs 17.1%, CI
15.6%-18.7% [unweighted 690/3493]).

Conclusions: RDD sampling for a web survey is not feasible for young adults due to its low response rate. However, combining
this methodology with RDD telephone surveys may have a great potential for including media and collecting autophotographic
data in population surveys.

(J Med Internet Res 2021;23(12):e31545)   doi:10.2196/31545

KEYWORDS

web mode; web survey; random digit dialing; mixed mode surveys; survey methodology; data capture; research methods;
recruitment; survey; feasibility; smoking

Introduction

For a multitude of reasons, young adults have been a difficult
and resource-demanding population on whom to conduct
surveillance research using traditional sampling and data
collection methods, especially for longitudinal surveys. They
are highly mobile, moving at over twice the rate of other adults
[1], making address-based and area-based sampling, as well as
recontacting for follow-up data collection, challenging and
resource-demanding. Likewise, they are much more likely than
the general adult population to live in nontraditional and group
housing such as military barracks or college dormitories [2].
Moreover, they are early adopters of new communication
technologies that replace traditional contact modes, such as
wireless substitution (eg, foregoing traditional landline
telephones in favor of only owning cell phones). The
combination of early adoption of wireless substitution,
nontraditional housing, and high mobility has created substantial
challenges to conducting both repeated cross-sectional and
longitudinal telephone-based surveillance research among this
important population subgroup. For example, their high and
rapid rate of wireless substitution from the early 2000s through
today led to a decline in participation and likely increased
coverage bias in traditional random digit dialing (RDD)
surveillance systems such as the Behavioral Risk Factor
Surveillance System [3,4]. Likewise, their higher rate of living
in institutional housing leads to greater coverage errors for many
surveillance studies that use address-based or area probability
sampling. Lastly, their high mobility rate means they are more
difficult to locate and contact for follow-up data collection in
longitudinal surveillance designs that typically rely on numerous
approaches to engage participants such as mailings, keeping
contact information for someone who knows the respondent (in
case of difficulty recontacting), and making telephone calls.
This is particularly detrimental to rapid surveillance of behaviors
and health conditions that are themselves highly dynamic or
occur in dynamic environments, such as tobacco use, which has
seen a drastic shift in the tobacco product market with the
introduction and growth of emerging products such as
e-cigarettes in a historically short period of time.

Paradoxically, wireless substitution proved beneficial with
respect to sampling young adults for cross-sectional telephone
surveillance surveys [5]. Indeed, cell phone ownership is
practically universal among young adults, and research found
that cell-phone–only RDD led to a representative cross-section

of the young adult population [3,6]. However, despite advances
in sampling and weighting methodologies to address the wireless
substitution challenges, response rates have continued to
drastically decline. For example, Pew Research Center reports
an average response rate of 28% in 2001 compared with only
6% in 2018 [7]. Thus, considerable challenges remain in
conducting behavioral surveillance research, particularly rapid
surveillance, in this population. This recent drastic decline in
response rates for RDD surveys may be related to the rapid
transformation of cell phone technology and, in turn, how cell
phones are used, particularly among young adults who are the
early adopters of this technology [8,9]. Indeed, smartphones,
which have seen an incredibly rapid uptake in the population,
allow users to communicate via multiple modes—voice, text,
email, messaging, and through social media. People are
decreasingly using the device for telephone conversations and
increasingly using them to connect to the internet for
communication via social media, texting, and email [9,10].
Moreover, some cell phone platforms (eg, iOS, Apple Inc) now
include functions that block incoming calls that are not from
telephone numbers known to the recipient [11]. Thus, RDD
surveys once again are faced with major challenges related to
secular shifts in technology use. However, as with wireless
substitution, these challenges may create a new opportunity by
providing a single device through which young adults can be
sampled, recruited, and administered surveys via multiple modes
for both cross-sectional and longitudinal surveillance research
projects that use RDD and telephone mode. Indeed, this could
save tremendous resources and lay the groundwork for the
collection of new types of data if smartphones can be used for
administering web surveys with data quality that is on par with
telephone surveys.

We designed the National Young Adult Health Survey
(NYAHS), a national longitudinal RDD survey of young adults,
to compare two ways of integrating web-based data
collection—sequential telephone-to-web mixed mode and
single-mode web survey—against traditional single-mode
telephone surveys. This paper uses the baseline data collection
of the NYAHS to compare the response rates across telephone
and web modes; to assess the generalizability of the sample by
benchmarking the demographic distributions to population
distributions; to examine the impact of sampling design and
sample weighting on statistical precision; and to compare
estimated cigarette smoking prevalence to the prevalence from
a gold standard national survey.
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Methods

Sampling and Recruitment
The NYAHS was designed to provide representative
cross-sectional and longitudinal estimates of health behaviors
using RDD sampling and to test the feasibility and utility of
integrating web surveys in surveillance systems that use RDD
sampling. Specifically, we compared three modes of data
collection: (1) single-mode telephone survey, (2) sequential
telephone-to-web dual mode, and (3) single-mode web survey.
Single-mode telephone survey is the traditional approach for
RDD surveillance systems, while sequential telephone-to-web
dual mode and single-mode web surveys are experimental. The
sample was purchased from Marketing Systems Group, and the
initial sample of 136,000 cell phone numbers was randomized
to one of the three data collection modes prior to loading to the

computer-assisted telephone interviewing system. Figure 1
presents the sampling and original data collection design for
the study. For each mode, a random selection of cellular phone
numbers from cellular-dedicated thousand-level blocks were
selected. Telephone interviewers manually dialed selected
numbers and read a recruitment script that explained the purpose
of the study and screened for eligibility. For single-mode
telephone, recruitment and each data collection occasion were
conducted entirely through telephone. For the sequential mixed
mode, the baseline or wave 1 survey as well as waves 2 and 3
were conducted using telephone recruitment and data collection
(identical to single-mode telephone), while brief follow-up
surveys were conducted via the web. For the single-mode web
survey, baseline recruitment was conducted via telephone with
the web mode data collection. Following baseline, invitations
to web surveys were sent via text and/or email depending on
the respondents’ preference.

Figure 1. NYAHS sampling and original data collection design. CATI: computer-assisted telephone interview; NYAHS: National Young Adult Health
Survey; RDD: random digit dialing.

We worked 28,519 samples as a soft launch to identify ways to
streamline data collection. To ensure adequate sample size for
tobacco types with lower prevalence, “ever use” of any tobacco
product (ie, having used a tobacco product at any time, hereafter
“ever tobacco”) was an inclusion criterion. However, in
combination with lower response rates in the web condition,
the ever tobacco inclusion criterion proved infeasible. Thus, for
the main survey launch, the only inclusion criterion was being
18 to 34 years old. Moreover, in order to increase the likelihood
that we reach eligible people in the single-mode web condition,
we only used telephone numbers that were identified as having
a high likelihood of belonging to young adults based on an
additional preprocessing step using auxiliary data. We also made
small wording changes to the recruitment script. No other
changes were made to the recruitment process or data collection
for either of the conditions.

Instrumentation
The survey instrument was designed to collect data to estimate
annual tobacco prevalence and longitudinal tobacco use
trajectories. Consequently, most items in the survey asked about
the use of tobacco and nicotine products, but the survey also

asked about the awareness of new and emerging tobacco
products, cannabis and alcohol use, and several demographic
characteristics. We used standardized measures when possible
and adapted nonstandardized measures from other tobacco
surveys. The English language survey was translated into
Spanish by a bilingual researcher and independently reviewed
by a second translator with inconsistencies adjudicated by the
investigator team. New survey questions were pretested in
Spanish and English using cognitive interviewing techniques,
and a usability test was carried out on iOS and Android (Google
Inc) devices.

Data Collection
Baseline data collection occurred between April 2018 and May
2019 via a computer-assisted telephone interviewing system
and web-based survey. A screening questionnaire was used to
identify eligible participants, defined as young adults between
the ages of 18 and 34 years. The respondents in the single-mode
telephone and sequential telephone-to-web modes were
immediately transitioned to the main interview following the
recruitment script and eligibility determination, while the
respondents in the single-mode web group were texted a link
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to a URL for the web survey. The URL led them to a consent
form page after which the respondents were taken to the main
survey. Interviews and web surveys were conducted in Spanish
when language barriers were encountered during recruitment.
The interviews took an average of 16.8 minutes to complete
and were comparable in length in both English and Spanish.
Invitation texts and emails were sent in Spanish for
Spanish-speaking respondents. The participants were offered a
conditional US $15 electronic gift card to a major online retailer
as an incentive. The data collection protocol was approved by
the Institutional Review Board at Rutgers Biomedical Health
Sciences.

Sampling Weights
A base weight was calculated as the product of the inverse of
the probability of selection for each sample member and the
number of cellular telephones on which a respondent receives
calls. The base weight was adjusted for a 24% oversampling of
ever tobacco users due to the inclusion criterion of the soft
launch. The base weight was then calibrated via iterative
proportional fitting to population numbers from the 2018
American Community Survey (ACS) [12], a large-scale survey
conducted by the Census Bureau to update population estimates
between decennial censuses. Specifically, the base-weighted
sample was calibrated along age (18-21 years, 24-29 years, and
30-34 years), sex (male and female), education (<BA vs ≥BA),
and race or ethnicity (White, non-Latino; Black, non-Latino;
Asian, non-Latino; Latino; and other). Population demographic
distributions were generated from weighted analysis of the
664,617 participants aged 18 to 34 years in the ACS Public Use
Microdata Sample. Calibration of the NYAHS was conducted
using the ‘survey’ package in R (R Core Team) [13,14].

Statistical Analysis
The eligibility rate was calculated as the number of respondents
meeting the inclusion criteria (aged 18-34 years and ever using
tobacco during the soft launch; for the main launch, just ages
18-34 years) divided by the total number of respondents who
were contacted and who answered the screening questions about
age (and tobacco use early in the study). Second, we calculated
the American Association for Public Opinion Research response
rate 3 for screening, for extended surveys, and overall [15]. The
screening response rate 3 is calculated as the number of
completed screeners (eligibility questions) divided by the
estimated number of sampled phone numbers active and used
for personal calls. Importantly, it includes in the denominator
an estimate of the eligible numbers among the dialed numbers
where eligibility could not be determined. Since a vast number
of the dialed numbers fall in this category, it is instructive to
look at the overall response rates as well as the extended survey
(ie, among those for whom eligibility could be established), the
latter of which is also known as cooperation rate.

Sample representativeness across data collection modes was
assessed by comparing the base-weighted NYAHS demographic
distribution for sex (male and female), age (18-21 years, 22-24
years, 25-29 years, and 30-34 years), and race or ethnicity
(White, non-Latino; Black, non-Latino; Asian, non-Latino;
Latino; and other) against population distribution from the ACS.
Single-mode telephone and sequential telephone-to-web mixed

mode was collapsed as their protocols are identical at baseline.
Because the calibration of base-weighted demographic
distributions to population values is based only on point
estimates, we did not present confidence intervals as a measure
of precision. Rather, we used the National Center for Health
Statistics Data Presentation Standards for Proportions criteria
for reliability to suppress data that are not reliable [16].

The impact of sampling design and calibration on statistical
precision is summarized with the sampling design effect (DEFF).
DEFF is the ratio of variance under the complex sampling design
to the variance under a simple random sample for a given
estimate. We calculated DEFF as presented by Kish [17], who
incorporates the correlation of sampling weights with the
outcome, and presented it overall and by key subpopulations.

To assess bias in cigarette smoking prevalence, we compared
the estimated prevalence from the NYAHS combined across
data collection modes to the National Health Interview Survey
(NHIS) [18]. The NHIS is an in-person interviewer-mediated
national survey that uses area probability sampling. Thus, it is
not subject to any bias resulting from an RDD approach or due
to push-to-web survey following telephone recruitment.
Cigarette smoking was selected as a comparison benchmark as
its measurement has long been standardized. By contrast, newer
products do not have uniform question wording across
surveillance systems; thus, they lack a gold standard
measurement. Current smokers were defined as individuals who
have smoked at least 100 cigarettes in their lifetime and who
currently smoke every day or some days. We presented point
estimates with 95% CI calculated using the logit method. The
NHIS and NYAHS estimates were generated using final
sampling weights and are presented with unweighted numerators
and denominators. Consistency of prevalence estimates were
judged by comparing the point estimates and the degree of
overlap of confidence intervals. The estimates were suppressed
from tables and figures if they did not meet the National Center
for Health Statistics Data Presentation Standards for Proportions
[16]. All analyses were conducted using the survey package in
R [13,14].

Results

Eligibility and response rates are presented in Table 1, for the
main data collection (ie, after including the supplemental
sampling frame for the single-mode web survey and
implementing minor tweaks to the introductory language) and
the soft launch. The eligibility rate for telephone was 12%
(143/1191) for the soft launch and 17.6% (864/4909) for the
main data collection, and 9.6% (51/532) and 30.3% (306/1009),
respectively, for the single-mode web survey (where only cell
phone numbers identified as having a higher likelihood of being
in the 18-34 years age range were used). The screening response
rate was 32.8% (4909/14980) and 39.8% (1191/2994) for the
main and soft launch, respectively, compared to 16.1%
(1009/6248) and 42.6% (532/1248) for the single-mode web
survey. The extended response rate was 68.6% (593/864) and
74.8% (107/143) in the main and soft launch for the telephone
survey and 37.9% (116/306) and 29.4% (15/51), respectively,
for the single-mode web survey. These resulted in the overall
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response rates of 24% (main) and 30% (soft launch) for
telephone and 6.1% (main) and 12.5% (soft launch) for the

single-mode web survey.

Table 1. Response rate by mode from the National Young Adult Health Survey.

MainSoft launchEligibility and response rate

WebMixed modePhoneWebMixed modePhone

306/1009 (30.3)416/2516 (16.5)448/2393 (18.7)51/532 (9.6)72/603 (11.9)71/588 (12.1)Eligibility rate, n/N (%)

1009/6248 (16.1)2516/7218 (34.8)2393/7763 (30.8)532/1248 (42.6)603/1498 (40.3)588/1496 (39.3)Screener response rate 3, n/N (%)

116/306 (37.9)287/416 (69)306/448 (68.3)15/51 (29.4)52/72 (72.2)55/71 (77.5)Extended response rate 3, n/N (%)

6.12421.112.529.130.4Response rate 3, %

The base-weighted sample demographics for telephone and
single-mode web survey benchmarked against the 2018 ACS
are presented in Table 2. The telephone survey tracked the
overall population distribution well by race or ethnicity and age.
The NYAHS telephone survey slightly overrepresented men
(57.1% [unweighted n=412] vs 50.9%) and those currently
enrolled in college (40.3% [unweighted n=269] vs 23.8%) and
underrepresented those with a Bachelor of Arts or Science

(34.4% [unweighted n=239] vs 55%). The single-mode web
sample closely tracked the population based on gender, but
overrepresented White, non-Latinos (70.7% [unweighted n=90]
vs 54.4%) and those with some college education (30.4%
[unweighted n=40] vs 7.6%) and underrepresented Latinos
(13.6% [unweighted n=20] vs 20.7%), and those with a high
school or General Education Development diploma (15.3%
[unweighted n=20] vs 29.3%).
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Table 2. National Young Adult Health Survey demographic distribution (base weighted) benchmarked to the 2018 American Community Survey for
18- to 34-year-olds.

Web (unweighted N=131)Phone or mixed (unweighted N=700)Census (ACSa)Demographics and category

Gender, unweighted n (weighted %)

58 (45.4)288 (42.9)49.1Female

73 (54.6)412 (57.1)50.9Male

Age (years), unweighted n (weighted %)

28 (22.0)309 (45.5)40.418-24

49 (37.3)188 (26.4)30.625-29

54 (40.7)203 (28.1)29.030-34

Race or ethnicity, unweighted n (weighted %)

N/Ab55 (8.6)6.5Asian, non-Latino

11 (8.0)80 (11.8)14.3Black, non-Latino

20 (13.6)148 (21.2)20.7Latino

N/A44 (6.2)4.1Other, non-Latino

90 (70.7)373 (52.2)54.4White, non-Latino

Education, unweighted n (weighted %)

N/A58 (8.1)8.2<HSc

20 (15.3)146 (20.9)29.3HS or GEDd

40 (30.4)257 (36.7)7.6Some college

68 (51.8)239 (34.4)55.0BAe or BSf

Currently enrolled in college, unweighted n (weighted %)

39 (30.8)269 (40.3)23.8Yes

92 (69.2)431 (59.7)76.2No

aACS: American Community Survey.
bN/A: not applicable (does not meet National Center for Health Statistics Data Presentation Standards for Proportions).
cHS: high school.
dGED: General Educational Development.
eBA: Bachelor of Arts.
fBS: Bachelor of Science.

Table 3 displays the DEFF overall and by subpopulations.
Overall, the estimated variance of the sampling distribution was
1.28 times greater than if the same estimate had been derived
from a simple random sample. This corresponds to an
approximately 13% inflation of the estimated standard errors

compared with simple random sampling. DEFF ranged from a
low of 0.96 among those with a Bachelor of Arts or Science to
1.93 among those with Some College, corresponding to a range
of 2% decrease to 39% increase in standard errors compared to
simple random samples, respectively.
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Table 3. Design effect by subpopulations.

DEFFaDemographics

Gender

1.29Female

1.38Male

Age (years)

1.6018 to 24

1.2525 to 29

1.2730 to 34

Race or ethnicity

1.29Asian, non-Latino

1.50Black, non-Latino

1.25Latino

1.08Other, non-Latino

1.28White, non-Latino

Education

1.11<HSb

1.10HS or GEDc

1.93Some college

0.96BAd or BSe

1.28Overall

aDEFF: design effect.
bHS: high school.
cGED: General Education Development.
dBA: Bachelor of Arts.
eBS: Bachelor of Science.

Figure 2 shows the estimated smoking prevalence for the
NYAHS and NHIS overall (plot 1) and population subgroups
(plots 2 through 5). The estimated prevalence was consistent
overall (NYAHS: 15%, 95% CI 12.4%-18% [unweighted
149/831]; NHIS: 13.5%, 95% CI 12.3%-14.7% [unweighted
823/5552]), and for men, women, Whites, Latinos, Black,
non-Latinos, 30- to 34-year-olds, among those with education
levels <Bachelor of Arts or Science, and those with Bachelor

of Arts or Science. There were notable differences only among
18- to 24-year-olds (NYAHS: 15.6%, CI 11.3%-22.2%
[unweighted 51/337]; NHIS: 8.7%, CI 7.1%-10.6% [unweighted
167/1647]), and those with education levels <Bachelor of Arts
or Science (NYAHS: 24%, CI 19.3%-29.4% [unweighted
123/524]; NHIS: 17.1%, CI 15.6%-18.7% [unweighted
690/3494]).
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Figure 2. Cigarette smoking prevalence, NYAHS vs NHIS. BA: Bachelor of Arts; BS: Bachelor of Science; NHIS: National Health Interview Survey
(2018); NYAHS: National Young Adult Health Survey (2018).

Discussion

Principal Findings
Our analysis demonstrated that using RDD sampling and
telephone recruitment to a single-mode web survey is not
feasible as a sole methodology for surveillance research, but it
suggests that web surveys may have good utility using
concurrent mixed mode designs (ie, concurrently conducting
telephone and web surveys with different respondents) for
surveillance research that use RDD sampling and telephone
data collection mode. Our soft launch found that eligibility rates,
including the use of tobacco as a qualifier, were so low that it
proved cost prohibitive using traditional RDD sampling frames.
Removing the requirement for tobacco use improved the
recruitment using RDD sampling, though low response rates
and the limited age eligibility range still made this a
resource-intensive effort. In particular, response rates to the

web survey among respondents screened as eligible were very
low, though they were similar to those reported by Pew [7],
which is consistent with other push-to-web research projects
[19]. To increase web survey completes, the main baseline
launch used an additional preprocessing step of the sampling
frame to increase the likelihood of reaching a young adult.
Indeed, this nearly tripled the eligibility rate.

Our methodology had good representativeness for the telephone
mode and, to a lesser extent, the web mode. For the web
condition, the base-weighted sampling distribution tracked the
population distribution well on most characteristics, except for
overrepresenting older young adults and White, non-Latinos.
By contrast, the telephone sample tracked the population very
well across all demographics, except college enrollment. This
suggests that the preprocessed list-assisted RDD sampling frame
we used for the web mode may have greater coverage error
and/or differential nonresponse compared with the telephone
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mode. However, deviation from population distributions is
common in surveys with probability sampling designs and can
be addressed via weighting adjustments such as poststratification
or, as in our case, calibration methods [20]. Indeed, the pooled
web and telephone surveys produced unbiased cigarette
estimates following calibration. Notable exceptions were for
18- to 24-year-olds and those with less than a bachelor’s degree,
though this may be due to differences in the NHIS’s
poststratification and our sample calibration approaches. In
particular, the NHIS does not poststratify on college enrollment,
which is known to be associated with tobacco use [21], while
the NYAHS does [22]. Moreover, our approach had DEFFs that
were considerably smaller than the Behavioral Risk Factor
Surveillance System’s national estimates of 4.49 (although that
estimate varies from year to year) [23]. This ensured reasonable
precision for overall and some subpopulation estimates.
However, larger sample sizes may be necessary for producing
estimates with adequate statistical precision for smaller
subgroups, particularly with distributions that deviate
substantially from the population as larger weighting
adjustments may result in increased variability of sampling
weights and smaller effective sample sizes. Because the web
mode had poorer representativeness, sample calibration and
thus precision may be impacted by the proportion of the sample
that is allocated to the web mode in concurrent mixed mode
surveillance designs. In our case, approximately 16% (n=131)
of the total sample came from the web survey, but future
research should be carried out to identify the optimal allocation
of the web mode and telephone mode in order to maximize the
statistical precision relative to cost. The integration of a web
mode in RDD methodology has tremendous potential to collect
data not possible in traditional telephone surveys and/or
conducting mobile-based research that is difficult to implement
using probability-based sampling designs. For example,
including web surveys in a telephone-based surveillance
methodology allows researchers to embed visual and auditory
media [24,25]. This can be used to test social marketing
messaging on a large and geographically diverse scale, which
can help inform public health workers and policy makers about
the effective approaches to health promotion messaging.
Similarly, it allows respondents to submit media in
autophotography data collection to capture important contextual
or exposure information that may not be adequately captured

by closed or open-ended questions [26]. Such methodologies
have traditionally been used in qualitative research [27,28], but
future research should explore ways in which combining web
surveys with RDD sampling may be used to collect such data
in large-scale surveys that use probability sampling methods.
Similarly, our methodology suggests that RDD sampling and
the web mode may be combined with passive data collection
from health tracking data linked to the respondents’ mobile
devices, which may reduce the overall data collection burden
on them. To date, however, the feasibility and challenges of
linking survey responses to health trackers in general population
surveys are not known. Future research should evaluate the
receptivity of respondents to participate in pulse surveys, link
the resulting information with tracking data, and identify
challenges and ways to address them.

Limitations
The limitations of this paper are that representativeness was
evaluated over a relatively limited number of demographic
characteristics. Ours were chosen because they are the most
commonly used in poststratification or calibration and are
priority groups for tobacco control. Moreover, consistency of
prevalence estimates should be evaluated for other health
indicators. This can be challenging because many tobacco
products, particularly new and emerging tobacco products, do
not have standardized measurements across surveillance
systems. Thus, we would not be able to disentangle differences
due to measurement versus sampling and data collection mode.

Conclusions
Our findings demonstrated that integrating the web mode into
the traditional telephone mode in a concurrent mixed mode
design for surveillance research is challenging, and RDD
sampling for web-based surveillance methodology may not be
feasible as a sole data collection methodology. However, our
findings also suggested that the web mode can be integrated in
an RDD telephone surveillance system by allocating a random
subsample to complete the same survey on the web. This has
tremendous potential to enhance data collection, particularly
for testing social marketing messages and combining general
population surveys with autophotographic or health tracking
data.
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Abstract

Background: Previous studies have shown inconsistencies in the accuracy of self-reported work hours. However, accurate
documentation of work hours is fundamental for the formation of labor policies. Strict work-hour policies decrease medical errors,
improve patient safety, and promote physicians’ well-being.

Objective: The aim of this study was to estimate physicians’ recall bias of work hours with a mobile app, and to examine the
association between the recall bias and physicians’ work hours.

Methods: We quantified recall bias by calculating the differences between the app-recorded and self-reported work hours of
the previous week and the penultimate week. We recruited 18 physicians to install the “Staff Hours” app, which automatically
recorded GPS-defined work hours for 2 months, contributing 1068 person-days. We examined the association between work
hours and two recall bias indicators: (1) the difference between self-reported and app-recorded work hours and (2) the percentage
of days for which work hours were not precisely recalled during interviews.

Results: App-recorded work hours highly correlated with self-reported counterparts (r=0.86-0.88, P<.001). Self-reported work
hours were consistently significantly lower than app-recorded hours by –8.97 (SD 8.60) hours and –6.48 (SD 8.29) hours for the
previous week and the penultimate week, respectively (both P<.001). The difference for the previous week was significantly
correlated with work hours in the previous week (r=–0.410, P=.01), whereas the correlation of the difference with the hours in
the penultimate week was not significant (r=–0.119, P=.48). The percentage of hours not recalled (38.6%) was significantly
higher for the penultimate week (38.6%) than for the first week (16.0%), and the former was significantly correlated with work
hours of the penultimate week (r=0.489, P=.002)

Conclusions: Our study identified the existence of recall bias of work hours, the extent to which the recall was biased, and the
influence of work hours on recall bias.

(J Med Internet Res 2021;23(12):e26763)   doi:10.2196/26763
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Introduction

Excessive work hours adversely affect physicians’alertness and
performance [1], increase the number of medical errors, and
jeopardize patient safety [2]. The crucial effects of work-hour
policies on patient safety have been widely described since 2003
when the Accreditation Council for Graduate Medical Education
(ACGME) adopted restrictions on physician work hours to 80
hours a week and no more than 24 consecutive hours [2-6]. Due
to similar concerns, in 2019, the work-hour restrictions in
Taiwan became stricter, from a limit of 88 hours per week
adopted in 2013 to 80 hours per week and 28 hours of
continuous work duty.

ACGME’s regulations shifted following evidence provided by
trials and systematic reviews. In 2003, the ACGME allowed 24
hours of continuous work duty, which was reduced to 16 hours
in 2011 and then reverted back to 24 hours in 2017 following
results of a randomized controlled trial published in 2016
showing that more flexible duty-hour policies resulted in
noninferior patient outcomes and physicians’ self-reported
well-being when compared with restrictive policies [4]. In
addition, a recent study showed that residents on 16-hour or
less schedules made more serious medical errors than those
working shifts spanning 24 hours or more [7].

The controversial effects of eliminating extended-duration work
shifts for physicians on patient safety might result from the
methodological limitations of the measurement of work hours.
Previous studies of work policies focused disproportionately
on consecutive work hours of night shifts rather than on total
work hours within a time frame, such as work hours per week.
These studies were mostly limited by using work-hour
measurements yielded from self-reported or medical
staff–recorded logs [7] and described the fluctuating,
inconsecutive nature of physician work hours with consecutive
work hours. Self-reported work hours is a widely used metric
in most research [3,8,9], although it is continuously shown to
be unsuitable for monitoring over longitudinal time periods.
Moreover, the value of self-reported work hours might be
reduced by biases, especially in the estimation of total work
hours. In addition, programs’ compliance with ACGME
regulations are usually based on medical residents’ self-reports,
which might be prone to the residents’ biases [10]. Resident
physicians, of various proportions, have admitted to not
reporting duty hours accurately so as to appear compliant with
regulations [6,9].

Currently, the widespread use and deep reach of smartphones
in modern life enable the measurement of work hours in an
affordable, reliable, and unobtrusive way. We developed an
app, “Staff Hours,” to automatically calculate a user’s work
hours via GPS background data [11]. Staff Hours is a
region-restricted app, which could only be downloaded in
Taiwan. Staff Hours records consecutive work hours in real
time with accuracy, and enables comparisons of work hours

among different hospitals, departments, and divisions with
aggregate data collected from the Staff Hours database.

Using Staff Hours, we assessed physicians’ estimation of work
hours and found a clear bias toward underestimation. The
specific aims of this study were to (1) identify recall bias
indicators, including the percentage of days that work hours
were not precisely recalled during interviews (NR) and the
difference between self-reported and app-recorded work hours
(D); and (2) examine the correlation between these two recall
bias indicators and app-recorded work hours. We hypothesized
that the two recall bias indicators can effectively demonstrate
how work hours influence recall bias differently during the
previous week and the penultimate week before assessment.

Methods

GPS-Defined Work Hours Recorded by the App
Staff Hours is a newly designed app that captures the work
hours and patterns of medical staff in real time [11]. Participants
installed the Staff Hours app onto their smartphones from
Apple’s App Store or Android’s Google Play store. This app
collects objective GPS location data continuously in the
background and has a power-saving design. Using geofencing
technology, the app automatically records the work hours one
spends in the workplace. The sensitivity (94.6%) and specificity
(93.9%) of app-recorded work hours were validated in our
previous study [11]. The app is illustrated in Figure 1A. For
example, the user’s regular work hours (6:30 AM to 5:30 PM)
and on-call duty (5:30 PM to 12:00 AM) were 11 hours and 6.5
hours, respectively, on November 1; the sum of the work hours,
17.5 hours, was calculated by the app. The lower part of the
screenshot reveals the total work hours of each day of the
previous week. The upper part of the screenshot shows the
regular work hours (66 hours) and overtime work hours (19.4
hours) on the left side, and the total work hours (85.2 hours) of
the past 7 days at the top-right corner of the screen.
App-generated data provide real-time work hours recorded with
high temporal resolution (within 10 minutes). The app saves all
recorded GPS data in a log file and uploads these data to the
database every day. Figure 1B shows an example of recording
the daily work hours from November 1 to December 1. This
user typically had longer work hours during on-call duties (night
shift), including November 1-2, 7-8, 21-22, and 24-25, as well
as November 30 to December 1, on which days the scheduled
works hours were 16 hours (8:00 AM to 12:00 AM). There were
10 holidays within this period of time, denoted with red figures
on the x-axis. On five holidays (November 3, 9, 10, 16, 23), the
user was free from on-call duty, and the work hours were 0.
App-recorded work hours of the previous week (WHAPP-1), the
week before that (WHAPP-2), and the previous month (WHAPP-M,
denoted by average work hours per week in 1 month), as well
as the mean (SD) work hours of regular work days within a
month, were obtained from app-record data. The app-recorded
work hours were used as a putative gold standard to validate
self-reported work hours.
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Figure 1. Screenshot of the Staff Hours app user interface, with app-recorded and self-reported work hours. (A) Weekly summary of daily work hours.
The light gray bar represents regular work and the dark gray bar indicates on-call duty (night shift). (B) The Staff Hours app continuously collects GPS
data without active data entry by the smartphone users and provides the daily work hours. (C) Recall bias was quantified by calculating the differences
between the app-recorded (orange line) and self-reported (blue line) work hours of the last week (November 25 to December 1) and the penultimate
week (November 18 to 24).

Participants
A total of 18 medical doctors (11 men; median age 29 years,
range 24-53 years) were recruited by randomly selecting resident
physicians working at hospitals in Taipei from August 2019 to
December 2019. Approval was obtained from the ethics
committee in Taiwan (approval number: EC1070107-E). The
inclusion criteria were resident physicians who could install the
Staff Hours app on their mobile phones. There were no strict
exclusion criteria. Each participant installed the app and ran it
for at least 2 months. The study duration was 61 days,
contributing 1098 person-days. Some of the participants failed
to record their work hours for technical reasons. When this
happened, their data were considered missing data. There were
30 missing days. Hence, the final data included 1098–30=1068
person-days. The participants received identical structured
interviews at the first and second month after installation of the
Staff Hours app. The majority (16/18, 89%) of participants were
resident physicians undertaking training programs in specialized
fields, including surgery, internal medicine, pediatrics, obstetrics
and gynecology, emergency medicine, occupational and
environmental medicine, and psychiatry. All participants were
given detailed descriptions regarding the study, and individual
informed consent was obtained in written form. All clinical
investigations were conducted according to the principles
expressed in the Declaration of Helsinki. The study was
approved by the Institutional Review Board of the National
Health Research Institutes.

Self-Reported Work Hours
The two authors, who are psychiatrists experienced in
physicians’ work-hour patterns and structured interviews,

conducted structured interviews at the first and second month
after the app installation blinded to the app-recorded work hours.
An identical structured interview was repeated 1 month after
the first interview. The interrater reliability of WHself-1, WHself-2,
NR1, and NR2 between the two interviewers was 1.00 in all
cases based on Pearson correlation analysis. The lengths of both
interviews were documented. The interviews simulated
investigations conducted by the Taiwan Ministry of Labor. The
definitions of work hours and nonwork hours (eg, continuing
medical education) were in line with the standard policies in
hospitals in Taiwan [12]. The first interview assessed recalled
work hours of the past month. In this case, the interviewers
recorded the average time of arriving and leaving work on
regular work days over the past month, as well as how many
work days and on-call days, respectively, there had been. The
total work hours of the previous month were calculated by the
obtained report. The second interview assessed the recalled
work hours of the previous week and the penultimate week. In
this case, the interviewers recorded the specific work hours of
each day (from Monday to Sunday) during the previous week
and the penultimate week, as demonstrated in Figure 1C. Recall
bias was quantified by calculating the differences between the
app-recorded (orange line) and self-reported (blue line) work
hours of the last week (November 25 to December 1) and the
penultimate week (November 18 to 24). In the example shown
in Figure 1C, self-reported work hours were mostly lower than
the app-recorded counterparts across time, by an average of
1.19 hours and 1.01 hours every day of the last week and the
penultimate week, respectively.

In addition, the percentage of days that participants were unable
to recall work hours precisely (NR) was recorded. If the
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participants reported they were unable to recall the work hours
of a particular day, the interviewers provided cues by offering
them their average time of arriving and leaving work in the last
month according to the participant’s report earlier during the
interview. Self-reported work hours of the previous week
(WHself-1) and the penultimate week (WHself-2) were calculated
by summing the reported work hours of each day.

Recall Bias Indicators
We used two groups of indicators to quantify recall bias. The
first group included the differences between self-reported and
app-recorded work hours of the previous week (D1), penultimate
week (D2), and previous month (DM), in which D is defined as
WHself–WHapp. The second group included the percentage of
days that participants were unable to precisely recall their work
hours of the previous week (NR1) and the penultimate week
(NR2) during interviews.

Statistical Analysis
We compared the self-reported work hours with their
app-recorded counterparts with a paired t test, and examined
their correlation with Pearson correlation coefficients. We
compared the percentage of days that participants were unable
to recall their work hours precisely for the previous week (NR1)
and the penultimate week (NR2) with a paired t test. We also
used Pearson correlation coefficients to examine the associations
between work hours and the recall bias indicators D1, D2, NR1,
and NR2. In addition, we examined the test-retest reliability of

the recall bias indicators by intraclass correlation coefficients
between the first month and the second month; P<.05 was
considered to indicate statistical significance. Data arrangement
and statistical analysis were performed using IBM SPSS
Statistics 25.

Results

An average of 9.7 (SD 3.2) minutes was required to complete
a participant’s interview every month. The percentage of days
that participants were unable to precisely recall their work hours
of the penultimate week (NR2; mean 38.6%, SD 33.9%) was
significantly higher than that of the previous week (NR1; mean
16.0%, SD 23.7%) by 18.5% (P=.004). The standard deviation
of day-to-day work hours was 3.8 hours.

Both WHapp-1 and WHapp-2 presented a normal distribution
according to the Kolmogorov-Smirnov test (P=.20 for both)
and Shapiro-Wilk tests (WHapp-1P=.26, WHapp-2P=.77). These
self-reported work hours were highly correlated to their
app-recorded counterparts for the previous week (r=–0.87,
P<.001), penultimate week (r= 0.88, P<.001), and previous
month (r=0.86, P<.001). Table 1 shows that the self-reported
hours were significantly lower than their app-recorded
counterparts, with the greatest average differences for the
previous week (D1), followed by the penultimate week (D2),
and the smallest difference found for the previous month (DM)
(all P<.001).

Table 1. Comparison of self-reported and app-recorded work hours of the previous week, the penultimate week, and previous month.

P valueDifference, mean (SD)App-recorded work hoursSelf-reported work hoursTime period recorded

<.001–8.33 (8.95)65.6357.30Previous week

<.001–7.08 (8.74)65.6558.57Penultimate week

<.001–6.68 (8.27)66.9460.26Previous month (weekly)

Table 2 shows the correlation coefficients between the recall
bias indicators (D1, D2, NR1, NR2) and the app-recorded work
hours (WHapp-1 and WHapp-2). WHapp-1 was significantly
negatively correlated to D1, meaning that the longer WHapp-1,
the more negative the difference between WHself-1 and WHapp-1,
representing more underestimation of self-reported work hours.

WHapp-1 was not significantly correlated to NR1. By contrast,
WHapp-2 was significantly correlated to NR2, meaning that the
longer WHapp-2, the higher percentage of days that work hours
were not precisely recalled during interviews. WHapp-2 was not
correlated to D2 and WH app-m was not significantly correlated
to DM.

Table 2. Pearson correlation coefficients (r) of app-recorded work hours and recall bias indicators.

WHapp-2
bWHapp-1

aRecall bias indicator

P valuerP valuer

.48–0.12.01–0.41Difference between self-reported and app-recorded work hours

.002–0.49.370.08Percentage of days that participants were unable to recall their work hours precisely

aapp-recorded work hours of the previous week.
bapp-recorded work hours of the penultimate week.
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Discussion

Principal Findings
This study demonstrated the underestimation of 11.5%-12.0%
(D1/WHapp-1 and D2/WHapp-2) work hours and the association
between this recall bias and excessive work hours, with the
novel app “Staff Hours” recording GPS-defined work hours.
We recruited a total of 18 medical doctors (11 men; median age
29 years, range 24-53 years) as participants. As methodological
strengths, this study helps to advance the field of work-hours
estimation by recording work hours in efficient, precise ways
and with higher temporal resolution. The app automatically
recorded work hours in real time, and an average of 9.7 minutes
was required to complete a participant’s interview every month.
We were able to collect self-reported data with structured
interviews twice per participant, using psychiatrists as
interviewers. An earlier study conducted in the United States
in 2004 including 45 female flight attendants as participants
examined work hours per month [13]. Another study conducted
in Japan in 2016 included 164 male employees as participants
to gather work-hour information with questionnaires [14].
Studies using self-reported questionnaires typically processed
work-hour details as ordinal variables [14], such as by recording
the work hours roughly (eg, 45 to <60 hours per week, 60 to
<80 hours per week, and >80 hours per week) rather than as
continuous variables (eg, 67 hours per month), although the
latter has higher precision than using ordinal variables. In
addition, the app recorded data with higher temporal resolution
than obtained from self-reports. This study included 18
participants and ran over 61 work days, contributing 1068 pairs
of app-recorded and self-reported data after subtracting missing
data. On the basis of the high temporal resolution of the data,
the standard deviation of the average day-to-day work hours
was 3.8 hours, highlighting the fluctuating nature of physicians’
work hours.

Our result that app-recorded work hours strongly correlated
with their self-reported counterparts (r=0.86-0.88, P<.001) was
consistent with previous studies [2,14]. One previous study [14]
also demonstrated a high correlation between self-reported and
actual work hours. Our study further extends this previous
research by describing the extent of underestimation; the weekly
underestimation was 6.48 to 8.97 work hours per week, which
represents approximately 1.30-1.79 hours of underestimation
every day considering a 5-day work week (6.48/5=1.30;
7.05/5=1.79). Differences of temporal resolution between the
app-recorded work hours and participants’ recall were noted,
which may contribute to systematic biased recall. When
participants were unable to recall the work hours of a particular
day precisely, they tended to report rounded-up hours, typically
to the nearest half hour (eg, reporting as having arrived at work
at 6:30 AM or 7:00 AM), as well as reporting regular work
hours, which were often lower than their actual work hours.
The app scanned at 10-minute intervals to determine the GPS
coordinates and therefore the initiation and cessation of
recording work hours. Our results showed that all participants
reported starting at the scheduled work time, despite actually
having arrived at the workplace a few minutes earlier than their
work hours according to GPS coordinates.

Previous studies [9,10] showed that when duty hour regulations
were enforced, resident physicians were faced with a dilemma
between violating the duty hour regulations and maintaining
patient care quality. When facing such a dilemma, an option
that resident physicians chose was working overtime while still
reporting the duty hours within the limitations of regulations.
It was estimated that up to 60% of surgical residents reported
their work hours untruthfully when filling out questionnaires.
The reasons resident physicians underreported their work hours
might have included pressure from the system (eg, receiving
punishment due to violations of regulations) and pressure from
peers (eg, being viewed as “incompetent” when leaving work
on time).

Besides differences in temporal resolution between app-recorded
and self-reported work hours, distorted time perception resulting
from long work hours may also contribute to recall bias, as
demonstrated by the two recall bias indicators used in this study.
Physicians whose work hours were longer during the previous
week demonstrated a tendency toward more underestimation
during recall (r=–0.410, P=.01), whereas participants whose
work hours were longer in the penultimate week showed a
diminished tendency to underestimate their work hours during
recall (r=–0.119, P=.48). In addition to previous studies that
simply showed the extent to which recall of work hours was
impaired [2,14], our study recorded the percentage of work days
that participants were unable to recall their work hours.
Participants whose work hours were longer during the
penultimate week showed a lower rate of recalling their work
hours precisely when compared with those who worked shorter
hours (r=0.489, P=.002). As a result of a higher NR, the
interviewers provided cues more frequently when participants
recalled their work hours of the penultimate week, thus allowing
for attenuation of underestimation.

Excessive work hours may distort the time perception and
memory of the extent of work hours. Our previous studies
performed in 2012 involving 74 medical interns showed that
physicians in Taiwan worked an average of 86.7 hours per week
with up to 33.5 consecutive working hours per duty shift, and
that they sometimes developed hypervigilant perceptions,
phantom vibration, and ringing-ear syndrome in the absence of
an external stimulus [1,15]. Excessive work hours also resulted
in reduced cardiac sympathetic modulation [1,16], disrupted
sleep stability [17], and increased anxiety and depression
symptoms [18-20]. These psychological and physiological
impacts of excessive work hours could alter time memory and
time perception (ie, the ability to recall work hours), thereby
increasing recall bias [21,22].

Limitations
This study has several methodological limitations that should
be considered when interpreting the results. First, if the
participants reported that they were unable to recall the work
hours of a particular day, the interviewers provided cues by
offering them their average time of arriving and leaving work
in the last month. For some participants who were more unable
to recall their work hours (ie, those with a larger NR), their D
values were calculated based more on cues provided by the
interviewers. By contrast, NR was not affected by any cues
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provided by the interviewers. Therefore, NR might be a better
self-defined recall bias indicator compared with D. Second, the
participants were not asked to recall any work hours earlier than
the penultimate week, which thus limited the studied timeframe
of recall bias in this study. However, the percentage of days
that participants were unable to recall work hours of the
penultimate week was 38.6%. It was conceivable that reports
of work hours earlier than 2 weeks prior may result in greater
recall bias. Third, the sample size of this study was relatively
small, which limits the generalization of the findings as well as
the detection of other recall bias indicators. However, we were
able to ensure participant diversity, and the 2-month length of
app installation guaranteed adequate data input for analysis.
Future research should investigate how a larger sample size
would identify more factors associated with recall bias
indicators. Future studies are also warranted to assess the
underlying mechanisms of time perception and recall bias of
work hours.

Conclusion
This pilot study identified the existence of recall bias of work
hours, the extent to which the recall was biased (6.48-8.97 work
hours per week), and the influence of work hours on recall bias.
We were able to demonstrate that long work hours in the
previous and the penultimate week influenced recall bias in
different ways. Working overtime has long been part of the
culture among Taiwanese physicians [1,15,17,19,20,23].
However, the extent to which medical staff overwork has never
been systemically investigated, and hence the work-hour
regulations of physicians were formed without the basis of solid
work-hour studies. This study has clear public health relevance
by confirming that this time-saving, easily accessible app can
provide solid, precise reports of actual work hours, aid work
policy formation for physicians, and promote the care quality
of patients, as well as the well-being of physicians in Taiwan.
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Abstract

Background: eHealth and social media could be of particular benefit to adults with hearing impairment, but it is unknown
whether their use of smart devices, apps, and social media is similar to that of the general population.

Objective: Our aim is to study whether adults with normal hearing and those with impaired hearing differ in their weekly use
of smart devices, apps, and social media; reasons for using social media; and benefits from using social media.

Methods: We used data from a Dutch cohort, the National Longitudinal Study on Hearing. Data were collected from September
2016 to April 2020 using a web-based questionnaire and speech-in-noise test. The results from this test were used to categorize
normal hearing and hearing impairment. Outcomes were compared using (multiple) logistic regression models.

Results: Adults with impaired hearing (n=384) did not differ from normal hearing adults (n=341) in their use of a smartphone
or tablet. They were less likely to make use of social media apps on a smartphone, tablet, or smartwatch (age-adjusted odds ratio
[OR] 0.67, 95% CI 0.48-0.92; P=.02). Use of social media on all devices and use of other apps did not differ. Adults with hearing
impairment were more likely to agree with using social media to stay in touch with family members (OR 1.54, 95% CI 1.16-2.07;
P=.003) and friends (age-adjusted OR 1.35, 95% CI 1.01-1.81; P=.046). Furthermore, they were more likely to agree with using
social media to perform their work (age-adjusted OR 1.51, 95% CI 1.04-2.18; P=.03). There were no differences in the experienced
benefits from social media.

Conclusions: The potential for eHealth is confirmed because adults with hearing impairment are not less likely to use smart
devices than their normal hearing peers. Adults with hearing impairment are less likely to use social media apps on a smart device
but not less likely to use social media on all types of internet-connected devices. This warrants further research on the types of
social media platforms that adults with hearing impairment use and on the type of device on which they prefer to use social media.
Given that participants with hearing impairment are more likely than their normal hearing peers to use social media to perform
their work, use of social media may be seen as an opportunity to enhance vocational rehabilitation services for persons with
hearing impairment.

(J Med Internet Res 2021;23(12):e27599)   doi:10.2196/27599
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Introduction

Background
Disabling hearing loss affects 466 million people worldwide
[1]. Its prevalence will double by 2050 because of increasing
life expectancy. Hearing impairment is one of the most prevalent
disabilities because hearing deteriorates with age. Almost
one-third of people aged ≥65 years have disabling hearing loss
[1]. However, because age-related hearing loss can start earlier,
a large number of middle-aged adults also have hearing
disabilities. In high-income countries, 15%-25% of adults
between the ages of 50 and 65 years have mild to severe hearing
loss [2,3]. A recent study in the Netherlands estimated that 1.2
million adults aged ≥40 years, or 13% of the population in that
age bracket, have disabling hearing loss [4]. Hearing difficulties
can be mitigated by the use of communication strategies, speech
reading, hearing aids, and hearing assistive technology. A
smaller number of people with impaired hearing, mostly those
who have been deaf or hard of hearing from a young age,
communicate in sign language as their native language.

Most adults in high-income countries have access to the internet,
although its use is less ubiquitous in older adults [5,6]. This
gives potential for digitalized hearing health care, both
stand-alone and adjunct to in-person care [7-9]. Digital hearing
health care facilitates patient-centered care in the comfort of
one’s own home. In this way, next to making hearing health
care more accessible, digital care could perhaps boost the
lagging uptake of communication strategies and hearing aids
[10]. The current COVID-19 pandemic has sped up the shift to
remote audiological care, although audiologists still have
concerns about patients’ access to technology and their
preferences [11]. During the UK lockdown, teleaudiology was
particularly used for (tinnitus) counseling [11]. The internet
offers many synchronous and asynchronous communication
options that support counseling, for example, email, direct
messaging, social network sites and apps, and video calling.
With the development of web-based hearing assessment and
hearing aid fitting, these in-person services will also be offered
on the web [12]. In addition to teleaudiology, internet-mediated
communication could also support psychosocial health by
fostering social connection. Mild to severe hearing loss makes
it difficult to follow conversations in certain situations, even
with the use of a hearing aid, leading to less meaningful
interactions and withdrawal from social activities [13].
Loneliness, depression, and anxiety are more prevalent in adults
with hearing loss than in their peers who have no hearing
problems [13-16]. Communication and connection with others
through the internet could replace some of the face-to-face
contacts and mitigate these negative outcomes [17]. This raises
the question of whether adults with hearing impairment use the
internet, smart devices, apps, and social media as much and for
the same reasons as their normal hearing peers and the general
public. If so, it would be reasonable to move (some) services
to the web, which would substantiate the opportunities for social
support. Earlier research disputes the assumption of equal use.

So far, only 3 studies have looked at internet access and use
among adults with hearing impairment in high-income countries.

Of these studies, 2 [18,19] showed that older adults with hearing
difficulty were less likely to use the internet, whereas the other
[20] found no differences between users of hearing aids and the
general population overall. However, the latter study did find
a higher internet use among users of hearing aids aged ≥75 years
compared with the (age-matched) general population. Thus,
there is inconclusive evidence regarding whether adults with
hearing loss make different use of the internet than their normal
hearing peers. Moreover, these studies were performed at a time
when the internet was mostly accessed through desktop
computers and was less pervasive in daily life. A more recent
marketing survey looked at whether ownership and use of a
smartphone is different in adults with a hearing impairment
[21]. This 2018 UK survey found that the rates of smartphone
ownership were 53% in people with self-reported hearing
impairment and 81% in people who reported having no
disabilities. Furthermore, 44% of the adults with hearing
impairment used their mobile device to access the internet,
whereas this rate was 69% in respondents without disabilities.
However, 60% of the people who reported a hearing impairment
were aged >65 years compared with only 16% of the
nondisabled people. The results might therefore reflect the
differences in age between both groups. The same survey found
that people with a hearing impairment had quite similar reasons
for using the internet as the people who reported no disability.
Comparable results were obtained from a 2016 US survey [22].
This survey asked people with self-reported hearing disabilities
which features or functions they use on their smartphone. Use
of the internet in general and of social media apps in particular
seems to be a little lower in people with a hearing disability
compared with the general population, but as in the UK survey,
this may also reflect differences in age.

Several studies have analyzed social media use by distinct
groups of adults with hearing impairment by extracting publicly
available content and user data (manual and automated web
scraping) posted on social network sites such as Facebook,
Twitter, and YouTube, as well as from web-based forums and
from personal blogs [23-28]. This type of research gives insight
into the information that is shared, the feelings and opinions of
the posters, and the nature of communication on these platforms,
but there are also limitations. Content analysis studies do not
give insight into either the relative frequency of social media
use or its passive use (ie, reading and watching). Furthermore,
the characteristics of the posters, such as age, sex, income,
education level, and whether they have hearing loss and to what
extent, are unknown or not verifiable. This impedes specification
of who uses which type of social media and in which way and
who does not. In addition, there is no (legal) access to private
communication such as WhatsApp messages and private
Facebook pages. Postings on social media also do not provide
information about the potential benefits of using social media,
for example, whether it has strengthened the social connections
of the user. In conclusion, these studies do not give insight into
the social media use of all adults with hearing impairment:
whether they use social media for private communication, the
extent of use, and their reasons for using social media; the
experienced benefits from using social media; and whether all
these data are comparable with those found in the general public
and normal hearing adults. The latter would justify relying on
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data from the general public when making decisions on using
computer-mediated communication with adults with hearing
impairment. We did not find studies that addressed these
questions.

Research Questions
This study therefore investigated the following research
questions (RQs):

• RQ1: Do adults with normal hearing and those with
impaired hearing differ in the use of smart devices?

• RQ2: Do adults with normal hearing and those with
impaired hearing differ in the use of different types of apps?

• RQ3: Do adults with normal hearing and those with
impaired hearing differ in the use of social media?

• RQ4: Do adults with normal hearing and those with
impaired hearing differ in their reasons for using social
media?

• RQ5: Do adults with normal hearing and those with
impaired hearing differ in the experienced benefits from
using social media?

Methods

Overview
Data were available from a long-running Dutch national cohort
of adults with normal hearing and those with impaired hearing,
the National Longitudinal Study on Hearing (NL-SH).
Demographics and use of technology, apps, and social media
were collected through a web-based questionnaire. The hearing
status of participants was determined by a web-based
speech-in-noise test.

Details of NL-SH

Recruitment and Measurements
Initiated in 2006, the NL-SH is an ongoing, prospective cohort
study in which both adults with normal hearing and those with
impaired hearing participate. This cohort was set up to gain
knowledge on the long-term trajectory of hearing loss and its
association with psychosocial health, work outcomes, and health
care use in adults of working age. The NL-SH uses convenience
sampling. The major portals for recruitment are the web-based
Dutch National Hearing Test (NHT) [29] and the study website
[30] where the public can take the same hearing test. It offers
the general public a fast and convenient way to test their own
ability to recognize speech in noise (further described in the
Speech-in-Noise Test section). After presenting the test results,

they are asked if they are interested in taking part in
hearing-related research. If they are interested, they are taken
to the introduction page of the NL-SH on the study website
[30], where the study is fully explained and they can download
an information brochure. Prospective participants can then
choose to enroll. At enrollment, sex, age, and contact details
(email address, home address, and phone number) are asked.
Age is checked against the inclusion criterion of being 18-70
years; those who do not fit this criterion cannot enroll. Other
eligibility criteria are not set for the NL-SH. Those who are
eligible have to take a speech-in-noise test specific to the NL-SH
and are sent a link to the web-based study questionnaire.

Inclusion measurements (T0) started in 2006 and still continue.
The 5-year follow-up (T1) started in 2011, and the 10-year
follow-up (T2) started in 2016. For this study, only the T2
measurements were used. The invitation for the T2 measurement
round was sent approximately 10 years after the T0 hearing test
was performed. In all, 2 email reminders and a postal reminder
were sent within a period of 3 months after the first invitation
to fill out the questionnaire. In general, the T2 hearing test is
performed directly after participants fill out the web-based
questionnaire, but a delay of up to 3 months is possible. People
who did not perform this test received a total of 3 email
reminders during these 3 months. To be included in this study,
both the T2 questionnaire and hearing test had to be fully
completed. Data collected up to April 1, 2020, were included
in the analyses.

The NL-SH study protocol has been approved by the Medical
Ethics Committee of the Amsterdam Medical Center, location
VUmc, in Amsterdam, the Netherlands (METC number:
2006/83; ToetsingOnline NL12015.029.06).

Questionnaire
The questionnaire consisted of questions on demographics;
hearing; use of technology, apps, and social media; and reasons
for using social media and benefits of this use. The questions
on use of technology and apps were taken from a web-based
marketing study (Sonova AG, written communication, 2019).
The validity of these questions is unknown. Standardized
questionnaires about use of social media, reasons for using
social media, and the experienced benefits from using social
media are not available. The questions on these topics were
devised by the research team and pilot-tested in a group of adults
with hearing impairment. Textbox 1 lists the questions other
than demographics. The full questionnaire can be found in
Multimedia Appendix 1.
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Textbox 1. Overview of the questions on use of technology, apps, and social media, as well as reasons for using social media and benefits of social
media use.

Questions and answer options used in this study

• Which of these devices do you use at least once a week?

• Smartphone

• Smartwatch

• Tablet

• Which types of apps do you use at least once a week on your current smartphone, tablet, or smartwatch?

• Weather

• News

• Finances (mobile banking, stock exchange, etc)

• Navigation

• Remote control (television, stereo system, etc)

• Fitness

• Communication (email, WhatsApp, WeChat, etc)

• Medical or health

• Social media (Facebook, Instagram, Twitter, etc)

• Music and podcasts

• Do you use social media?

• Yes

• No

• To what extent do you agree with the following statements (rated on a scale of 1-10: fully disagree=1, fully agree=10)? I use social media to...

• Stay in touch with family members

• Stay in touch with acquaintances

• Stay in touch with colleagues or peers

• Share experiences, videos, or photos

• View experiences, videos, or photos

• Expand my work-related network

• Perform my work

• Gain new knowledge

• File complaints and problems with the government or businesses

• With what frequency do you use social media?

• Multiple times a day

• Daily

• Weekly

• Monthly

• A couple of times a year

• What have you gained from your social media use so far?

• New acquaintances

• New friendships

• Closer or more intense family ties

• Closer or more intense friendships
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Expanded work-related network•

• New knowledge about health

• I have gained little or nothing from social media

Demographics concerned sex, current age, highest attained
education, and first language Dutch or other. Education was
divided into low (elementary school or attended high school
but no degree), medium (high school graduate or having an
associate’s degree), and high (having a bachelor’s degree,
master’s degree, or doctoral degree). In all, 2 hearing-related
questions asked about having normal hearing or some type of
hearing loss and, for those with self-reported hearing loss,
whether they use a hearing aid.

Use of technology consisted of a list of devices with the question
“Which of these devices do you use at least once a week?” The
list included devices such as a traditional mobile phone,
smartphone, traditional wristwatch, smartwatch (eg, Apple
watch), fitness watch (eg, Fitbit), laptop or notebook computer,
tablet, television, radio, and more. The list did not mention a
PC. Participants could tick the box for all devices that applied.
For this study, the use of only mobile devices on which an app
can be installed (ie, a smartphone, a tablet, or a smartwatch),
further referred to as a smart device, was analyzed.

Next, participants who indicated that they used a smart device
were asked what types of apps they used at least once a week.
The options to tick were as follows: weather, news, finances
(mobile banking, stock exchange, etc), navigation, remote
control (television, stereo system, etc), fitness, communication
(email, WhatsApp, WeChat, etc), medical or health, social media
(Facebook, Instagram, Twitter, etc), music or podcasts, and
other. The category other was not included in the analyses.

Participants were then asked if they use social media, for
example, Facebook, LinkedIn, Skype, WhatsApp, Twitter, and
Instagram. If they said “yes” or if they had a missing answer
on this question, they were asked about frequency of use (1
answer possible): multiple times a day, daily, weekly, monthly,
or a couple of times a year. In the analyses, monthly and a
couple of times a year were collapsed into 1 category. Those
who used social media were asked how much they agreed with
several statements about reasons for using social media. The
reasons provided were as follows: to stay in touch with family;
to stay in touch with friends; to stay in touch with acquaintances;
to stay in touch with colleagues or peers; to share experiences,
videos, or photos; to view experiences, videos, or photos; to
expand work-related network; to perform work; to gain new
knowledge; and to file complaints. These questions could be
answered on a scale from 0 to 10 (an 11-point Likert scale),
with 0=fully disagree (coded as 1), 5=do not agree, do not
disagree (coded as 6), and 10=fully agree (coded as 11),
resulting in scores of 1-11, to be handled as a continuous
outcome.

Finally, social media users were asked what they had gained
from social media use so far. They could choose any of the
following answers: new acquaintances, new friendships, closer
or more intense family ties, closer or more intense friendships,

expanded work-related network, new knowledge about health,
gained little or nothing, and other. The category other was not
used in the analyses.

At the end of the questionnaire, a personal link was provided
to the web-based speech-in-noise test.

Speech-in-Noise Test
The ability to recognize speech in noise is salient for measuring
the disabling effects of hearing impairment because one of the
first and major complaints of adults with hearing impairment
is difficulty in understanding what is said when there is
background noise [31]. To measure speech-in-noise recognition,
the procedures of the NHT were followed. First developed for
use by phone, the internet version of the NHT was launched in
2005. To ensure comparability to the earlier measurements, the
procedures of this original version are still used in the NL-SH
measurements. Participants are instructed to perform the test in
a quiet room. Users of hearing aids are instructed to perform
the test without their hearing aids. All participants are asked to
use headphones for the test, but speakers are also allowed.
Participants have to indicate which transducer they used. The
test is binaural (ie, diotic), and the results are mainly
representative of the better ear. A total of 23 digit triplets (eg,
6-2-5) are presented against a background of masking noise in
an adaptive manner: the noise level is fixed in the test, and the
speech level varies. After each incorrect response, the
subsequent triplet is presented at a level higher by 2 dB,
increasing the signal-to-noise ratio (SNR) a level higher of 2
dB. If the participant provides a correct response, the subsequent
triplet is presented at a level lower by 2 dB. The
speech-reception threshold in noise (SRTn) is calculated by
taking the average SNR of the last 20 presentations,
corresponding to a score of 50% of the presented triplets
understood correctly. Because of the design of the test, the SRTn
values range from –13.4 dB SNR to a ceiling level of 4 dB SNR.

Validation of the original NHT version showed a high
correlation (ρ=0.866) with SRTns derived from the standard
test in the Netherlands that uses sentences in stationary
speech-shaped noise. The measurement error (SE of
measurement) is estimated to be <1 dB [32]. Compared with
the standard sentence-in-noise test, the NHT phone version has
a sensitivity of 0.91 and a specificity of 0.93 at a cutoff of –4.1
dB for hearing impairment [32]. Because of the benefit of
listening with 2 ears, the cutoff of the internet version was
adjusted with 1.4 dB [33]. This gives a cutoff of –5.5 dB to
divide the group into adults with normal hearing ability to
recognize speech in noise (further indicated as normal hearing)
and those with impaired hearing. It should be taken into account
that diotic speech understanding in noise is less compromised
in conductive and mixed hearing losses. This means that
participants with these types of hearing loss, even those normally
using a hearing aid, may be classified as normal hearing.
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Participants using speakers may perform slightly worse in the
test than if they had used headphones, resulting in
misclassification to the group with hearing impairment for some
of the participants with normal hearing.

Statistical Analysis
Normally distributed continuous data are described with means
and SDs, whereas nonnormally distributed continuous data are
described with medians and IQRs. For nominal and ordinal data,
frequencies are reported.

Adults with impaired hearing and normal hearing adults were
compared using multiple logistic regression analysis. Age, sex,
and education level were considered potential confounders.
They were included in the model if (1) the potential confounder
had influence (P<.10) on both the outcome and the independent
variable and (2) the regression coefficient of the influencing
factor changed by ≥10% after adding the potential confounder
to the model.

Answers to the items that were scored on an 11-point Likert
scale (fully disagree-fully agree) were not normally distributed
and had to be categorized. To prevent uneven numbers in the
categories, they were categorized into 3 groups based on
approximate 1/3 divisions with increasing levels of agreement.
Multiple ordinal logistic regression analysis was used to analyze
whether the distribution of these answers and answers about
the frequency of social media use (several times a day, daily,
weekly, monthly, or a couple of times a year) differed between
adults with normal hearing and those with hearing impairment.

Assumptions of logistic analysis were tested in all analyses. For
the ordinal results where the assumption of proportional odds
was not met, multinomial logistic regression analysis was used.
The results were considered statistically significant if P<.05.
Analyses were conducted using SPSS software (base edition
with custom tables and advanced statistics add-on; version 26.0;
IBM Corporation).

Results

Overview
A total of 885 study participants responded to the T2
measurement round between September 15, 2016, and April 1,
2020. Of the 885 participants, 837 (94.6%) fully filled out the
questionnaire. Of these 837 participants, 725 (86.6%) also
performed the speech-in-noise test. Of the 112 participants who
did not perform the speech-in-noise test, 68 (60.7%) reported
in the questionnaire that they had hearing loss.

Of the 725 participants with complete data, 619 (85.3%)
participated from September 2016 to December 2017. Most of
the participants were women (442/725, 61%). The participants’
mean age was 57.7 (SD 11.4) years, and 60% (435/725) had a
high level of education (Table 1).

Of the total group, 53% (384/725) had a hearing test score ≥–5.5
dB SNR and were subsequently classified as having a hearing
impairment. Table 1 shows the characteristics of these
participants and of the normal hearing participants separately.
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Table 1. Overview of characteristics and categorical outcomes for the total group, a group with normal hearing, and a group with hearing impairment
(N=725).

Hearing impairment (n=384)Normal hearing (n=341)Total group (N=725)Characteristics

242 (63)200 (58.7)442 (61)Female, n (%)

59.6 (11.4)55.5 (10.9)57.7 (11.4)Age (years), mean (SD)

Education level, n (%)

53 (13.8)39 (11.4)92 (12.7)Low

102 (26.6)96 (28.2)198 (27.3)Medium

229 (59.6)206 (60.4)435 (60)High

372 (98.1)331 (99.1)703a (98.6)First language (Dutch), n (%)

319 (83.1)109 (31.9)428 (59)Self-reported hearing impairment, n (%)

253 (65.9)46 (13.5)299 (41.2)Hearing aid use, n (%)

108 (28.1)211 (61.9)319 (44)Test with headphones, n (%)

Weekly use of smart devices, n (%)

314 (81.8)298 (87.4)612 (84.4)Smartphone

224 (58.3)196 (57.5)420 (57.9)Tablet

10 (2.6)8 (2.3)18 (2.5)Smartwatch

374 (100)313 (100)660 (100)Weekly use of apps,b n (%)

239 (68.9)217 (69.3)456 (69.1)Weather

243 (70)210 (67.1)453 (68.6)News

119 (34.3)103 (32.9)222 (33.6)Financial

151 (43.5)132 (42.2)283 (42.9)Navigation

77 (22.2)71 (22.7)148 (22.4)Remote control

26 (7.5)33 (10.5)59 (8.9)Fitness

289 (83.3)362 (83.7)551 (83.5)Communication

37 (10.7)45 (14.4)82 (12.4)Medical or health

176 (50.7)198 (63.3)374 (56.7)Social media

78 (22.5)97 (30.9)175 (26.5)Music and podcasts

323d (84.8)302 (88.6)625c (86.6)I use social media, n (%)

325 (100)302 (100)627 (100)Frequency of social media use, n (%)

161 (49.5)149 (49.3)310 (49.4)Multiple times a day

123 (37.8)118 (39.1)241 (38.4)Daily

29 (8.9)27 (8.9)56 (8.9)Weekly

12 (3.7)8 (2.7)20 (3.2)Monthly or a couple of times a year

326 (100)302 (100)628 (100)Experienced benefits from social media use, n (%)

55 (16.9)59 (19.5)114 (18.2)New acquaintances

35 (10.7)37 (12.3)72 (11.5)New friendships

113 (34.7)89 (29.5)202 (32.2)Closer or more intense family ties

83 (25.5)78 (25.8)161 (25.6)Closer or more intense friendships

63 (19.3)81 (26.8)144 (22.9)Expanded work-related network

83 (25.5)58 (19.2)141 (22.5)New knowledge about health

87 (26.7)97 (32.1)184 (29.3)Little or no benefit from social media

an=713.
bUse of an app on a smartphone, tablet, or smartwatch.
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cn=722.
dn=384.

RQ1: Weekly Use of Smart Devices
Most of the participants made weekly use of a smartphone:
87.4% (298/341) of the normal hearing group and 81.8%
(314/384) of the group with impaired hearing (Table 1). Logistic

regression analysis, which had to be adjusted for age, revealed
that there was no statistically significant difference between the
2 groups in the weekly use of a smartphone (odds ratio [OR]
0.82, 95% CI 0.53-1.25; P=.35; Table 2).

Table 2. Odds ratios (ORs) for smart device use, social media use, and experienced benefits from social media use for adults with hearing impairment
compared with normal hearing adults; results from (multiple) logistic regression analysis.

Age-adjusted modelaCrude modelOutcome

P valueOR (95% CI)P valueOR (95% CI)

Weekly use of smart devices

.350.82 (0.53-1.25).040.65 (0.43-0.977)Smartphone

N/AN/Ab.821.04 (0.77-1.39)Tablet

Weekly use of appsc

.500.90 (0.63-1.25).900.98 (0.70-1.36)Weather

N/AN/A.421.15 (0.83-1.59)News

N/AN/A.711.06 (0.77-1.47)Financial

N/AN/A.731.06 (0.78-1.44)Navigation

.620.91 (0.63-1.33).880.97 (0.67-1.40)Remote control

.390.79 (0.45-1.36).170.69 (0.40-1.18)Fitness

.980.99 (0.65-1.52).880.97 (0.64-1.46)Communication

N/AN/A.150.71 (0.45-1.13)Medical or health

.020.67 (0.48-0.92).0010.60 (0.44-0.82)Social media

.090.73 (0.51-1.05).010.65 (0.46-0.91)Music and podcasts

.650.90 (0.57-1.42).140.72 (0.47-1.11)I use social media

Experienced benefits from social media use

N/AN/A.390.84 (0.56-1.26)New acquaintances

.780.93 (0.56-1.54).550.86 (0.53-1.41)New friendships

.281.21 (0.86-1.71).161.27 (0.91-1.78)Closer or more intense family ties

.621.10 (0.76-1.59).920.98 (0.69-1.40)Closer or more intense friendships

.200.78 (0.53-1.14).030.65 (0.45-0.95)Expanded work-related network

N/AN/A.061.44 (0.98-2.10)New knowledge about health

.070.72 (0.51-1.03).140.77 (0.55-1.09)Little or no benefit from social media

aAge in quartiles: Q1: 29-49 years; Q2: 50-59 years; Q3: 60-66 years; and Q4: 67-81 years.
bN/A: not applicable; no age adjustment necessary.
cUse of an app on a smartphone, tablet, or smartwatch.

The rates of weekly use of a tablet were 57.5% (196/341) in the
normal hearing group and 58.3% (224/384) in the group with
hearing impairment. Logistic regression analysis showed that
these percentages did not differ between the groups (OR 1.3,
95% CI 0.77-1.4; P=.82; Table 2).

Because of the small number of people using a smartwatch, we
did not test for differences in the use of this device.

RQ2: Weekly Use of Different Types of Apps
Of the 725 participants, 660 (91%) reported using one or more
smart devices on which an app could be installed (ie, a
smartphone, tablet, or smartwatch). Their weekly use of these
apps is shown in Table 1. Use of communication apps such as
an email app or WhatsApp was common in the total sample:
83.5% (551/660). Social media apps such as Facebook,
Instagram, and Twitter were used weekly by little more than
half of the total sample: 56.7% (374/660). Of the normal hearing
participants, 63.3% (198/313) made weekly use of social media
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apps compared with 50.7% (176/347) of the adults with hearing
impairment. After adjustment for age, a statistically significant
difference was found between the groups, with adults with
hearing impairment 33% less likely to use social media apps
(OR 0.67, 95% CI 0.48-0.92; P=.02; Table 2). This was the
only type of app for which statistically significant differences
in weekly use were found.

RQ3: Use of Social Media
Of 722 participants, 625 (86.6%) reported using social media.
Use of social media did not differ between adults with normal
hearing and those with hearing impairment (age-adjusted OR
0.90, 95% CI 0.57-1.4; P=.65; Table 2).

We also looked at the frequency with which social media was
used. Most of the participants (551/627, 87.9%) used social
media daily or multiple times a day. Of note, of the 627
participants, 2 (0.3%) had a missing score on use of social
media, but they answered the question about frequency. The
age-adjusted cumulative OR for frequency of use of social media

for adults with hearing impairment compared with normal
hearing adults was 0.91 (95% CI 0.67-1.2; P=.56), showing that
there was no statistically significant difference in the frequency
of social media use between the groups.

RQ4: Reasons for Using Social Media
Table 3 shows the distribution of the answers for agreements
with reasons for using social media. Most of the participants
agreed with the statements that they use social media to stay in
touch with family members (213/624, 34.1%, score=10-11;
193/624, 30.9%, score=8-9) and with friends (199/625, 31.8%,
score=10-11; 227/624, 36.4%, score=8-9). The statement that
they use social media to stay in touch with acquaintances was
also agreed with by most of the participants, with 31.8%
(199/625) scoring 10-11 and 43.4% (271/625) scoring 7-9. Use
of social media to expand their work-related network, perform
their work, or file complaints and problems was fully disagreed
with by most of the participants; 42.1% (257/611), 45.9%
(281/611), and 43.5% (263/605), respectively, scored 1 on this
question.

Table 3. Reasons to use social media: descriptive outcomes for the answers given on an 11-point Likert scale, divided over 3 percentile groups

representing the lowest, middle, and highest levels of agreement for that statement in approximate tertiles.a

Highest-level agreementMiddle-level agreementLowest-level agreementI use social media to...

Value, mean (SD;
range)

Value, n
(%)

Value, mean
(SD; range)

Value, n (%)Value, mean
(SD; range)

Value, n (%)

10.8 (0.4; 10-11)213 (35.1)8.6 (0.5; 8-9)193 (31.8)4.1 (2.4; 1-7)218 (35.9)Stay in touch with family members

10.7 (0.5; 10-11)199 (31.8)8.6 (0.5; 8-9)227 (36.3)4.6 (2.3; 1-7)199 (31.8)Stay in touch with friends

10.7 (0.5; 10-11)153 (25.1)8.3 (0.8; 7-9)271 (44.4)4.2 (2.1; 1-6)186 (30.5)Stay in touch with acquaintances

9.2 (1.1; 8-11)237 (39)6.2 (0.6; 5-7)169 (27.8)1.6 (1.0; 1-4)202 (33.2)Stay in touch with colleagues or peers

9.8 (0.9; 9-11)193 (31.1)7.0 (0.8; 6-8)251 (40.7)2.2 (1.3; 1-5)173 (28)Share experiences, videos, or photos

9.8 (0.9; 9-11)236 (38.3)7.6 (0.5; 7-8)173 (28.1)3.8 (2.1; 1-6)207 (33.6)View experiences, videos, or photos

7.7 (1.6; 6-11)224 (36.7)3.1 (1.2; 2-5)130 (21.3)1.0 (0.0; 1-1)257 (42.1)Expand my work-related network

7.8 (1.8; 6-11)218 (35.7)3.2 (1.1; 2-5)112 (18.3)1.0 (0.0; 1-1)281 (46)Perform my work

9.7 (0.8; 9-11)168 (27.7)6.9 (1.0; 5-8)234 (38.6)1.6 (1.0; 1-4)204 (33.7)Gain new knowledge

7.5 (1.6; 6-11)200 (33.1)3.1 (1.1; 2-5)142 (23.5)1.0 (0.0; 1-1)263 (43.5)File complaints and problems with the govern-
ment or businesses

aThe numbers in each percentile group can be dissimilar because the group cannot be broken up within a specific Likert score. The groups are therefore
an approximation of percentile groups based on thirds of the sample.

The analyses of differences between participants with normal
hearing and those with impaired hearing showed 3 statistically
significant results (Table 4). Ordinal regression analysis revealed
that participants with hearing impairment were more likely to
score a higher level of agreement, compared with the lowest
level, with the statement that they use social media to stay in
touch with family members (OR 1.5, 95% CI 1.2-2.1; P=.003)
and, after correcting for age, to stay in touch with friends (OR
1.4, 95% CI 1.0-1.8; P=.046). Multinomial regression analysis,
in which ORs are estimated separately for the levels of

agreement, showed that participants with hearing impairment
were also more likely to have the highest level of agreement
(score 6-11 on the agreement scale) with using social media to
perform their work (age-adjusted OR 1.5, 95% CI 1.04-2.2;
P=.03). However, the comparison for the middle level of
agreement (score 2-5) did not show a statistically significant
relationship (age-adjusted OR 0.98, 95% CI 0.62-1.5; P=.93),
meaning that normal hearing participants and those with
impaired hearing were equally likely to score 2-5 on this
statement compared with scoring 1.
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Table 4. Cumulative odds ratios (ORs) for being in a higher percentile of agreeing with reasons for using social media for adults with hearing impairment
compared with normal hearing adults; results from (multiple) ordinal logistic regression analysis.

Age-adjusted modelaCrude modelI use social media to...

P valueOR (95% CI)P valueOR (95% CI)

N/AN/Ab.0031.55 (1.16-2.07)Stay in touch with family members

.0461.35 (1.01-1.82).131.25 (0.94-1.67)Stay in touch with friends

N/AN/A.341.14 (0.85-1.53)Stay in touch with acquaintances

.111.28 (0.94-1.73).841.03 (0.77-1.38)Stay in touch with colleagues or peers

.831.03 (0.76-1.41).270.85 (0.63-1.14)Expand my work-related network

Perform my work (reference category is lowest-level agreementc)

.930.98 (0.62-1.55).410.83 (0.54-1.29)Middle-level agreement

.031.51 (1.04-2.18).111.34 (0.94-1.91)Highest-level agreement

N/AN/A.371.14 (0.85-1.53)Share experiences, videos, or photos

.771.05 (0.77-1.42).710.95 (0.71-1.27)View experiences, videos, or photos

N/AN/A.681.06 (0.79-1.43)Gain new knowledge

.711.06 (0.78-1.44).291.17 (0.87-1.58)File complaints and problems with the government or businesses

aAge in quartiles: Q1: 29-49 years; Q2: 50-59 years; Q3: 60-66 years; Q4: 67-81 years.
bN/A: not applicable; no age adjustment necessary.
cMultinomial logistic regression analysis.

RQ5: Experienced Benefits From Using Social Media
Table 1 shows the benefits that participants experienced from
using social media. Almost a third (202/628, 32.2%) of the
whole group agreed that using social media had given them
closer or more intense family ties. Approximately 1 in 4
(161/628, 25.6%) had gained closer or more intense friendships
from using social media. New friendships were found by only
11.5% (72/628) of the whole group, and gaining acquaintances
was agreed with at a slightly higher rate (114/628, 18.2%).
There was also a substantial percentage of participants who had
gained little or nothing from social media: 29.3% (184/628).

Logistic regression analysis showed no differences between
adults with hearing impairment and those with normal hearing
for the experienced benefits from social media use (Table 2).

Discussion

Principal Findings
Adults with hearing impairment and normal hearing adults did
not differ in either weekly use of a smartphone or weekly use
of a tablet. Adults with hearing impairment were less likely to
make weekly use of social media apps on a smartphone, tablet,
or smartwatch, but they were not less likely to use social media
on all types of devices (including a desktop computer or laptop).
Compared with normal hearing adults, adults with hearing
impairment were more likely to agree with the statements that
they use social media to stay in touch with family members and
to stay in touch with their friends. Furthermore, participants
with hearing impairment were more likely to be in the group
that very much agrees with the statement that they use social
media to perform their work. The experienced benefits from

social media did not differ between adults with hearing
impairment and those with normal hearing.

RQ1: Weekly Use of a Smart Device
Among all NL-SH participants, 84.4% (612/725) made weekly
use of a smartphone. This percentage is comparable with the
85% of households in the Netherlands that owned a smartphone
in 2017 [34], although it should be noted that our study
concerned use of a device and not ownership. After correction
for age, we found no differences between adults with normal
hearing and those with hearing impairment. Our results therefore
are not consistent with those of a 2018 UK survey [21]. This
survey found that the rates of smartphone ownership were 53%
in people with self-reported hearing impairment and 81% in
people who reported having no disabilities. However, 60% of
the survey respondents with a self-reported hearing impairment
were aged >65 years compared with only 16% of the
nondisabled respondents. Although older adults in the United
Kingdom are catching up on smartphone use, in 2018 they were
still behind younger groups [35]. The results of the UK survey
therefore likely reflect the differences in age between both
groups.

A tablet is used on a weekly basis by 57.9% (420/725) of all
NL-SH participants. In 2017, 66% of Dutch households owned
a tablet, which is somewhat higher than in our sample [34]. We
found no differences in the use of these devices between adults
with normal hearing and those with hearing impairment. No
comparisons can be made with other literature because this
difference has not been studied before.

RQ2: Weekly Use of Different Types of Apps
Of the 91% (660/725) of the NL-SH participants who use a
smart device, 83.5% (551/660) make weekly use of a
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communication app such as an email app or WhatsApp.
Statistics Netherlands found that 80% of the Dutch general
population aged ≥12 years used direct messaging (mostly
WhatsApp) in 2017 [34]. This proportion is comparable with
the one we found for the weekly use of a communication app.
In contrast, Ipsos found a slightly lower percentage for Dutch
smartphone users aged 18-64 years [36]. They reported that
68% had used an app to communicate with people in the
previous 30 days (data collected in 2017). Use of the following
types of apps can be compared with the Ipsos results: weather:
NL-SH 69.1% (456/660), Ipsos 54%; news: NL-SH 68.6%
(423/660), Ipsos 44%; financial: NL-SH 33.6% (222/660), Ipsos
51%; music and podcasts: NL-SH 26.5% (175/660), Ipsos (listen
to music) 37%; and fitness (tracking): NL-SH 8.9% (59/660),
Ipsos 20%. Overall, the percentages from the Ipsos report
deviate from the ones we found, likely due to differences in the
composition of the samples. The mean age of the Ipsos Dutch
sample was 40.4 (SD not reported) years (NL-SH 57.7, SD 11.4
years), with 50% of the participants being women (NL-SH:
442/725, 61%) and 78% reporting to be working (NL-SH:
331/725, 45.7%).

We found the rate of overall weekly use of medical and health
apps, other than fitness tracking apps, to be 12.4% (82/660).
Overall use of these apps among the Dutch population is not
known, but in February 2019 the most used nonfitness apps
were diet-tracking apps (10.8%), first-aid apps (9.2%), and
sleep-tracking apps (8.1%) [37]. These percentages seem to be
somewhat higher than those in the NL-SH sample, but this could
also be because most of our measurements were performed in
2017. It was only for use of social media apps that we found a
difference between adults with normal hearing and those with
hearing impairment. After adjustment for age, the adults with
hearing impairment had a 33% (OR 0.67, 95% CI 0.48-0.92)
lower odds of using social media apps. Another study looked
at the use of apps by adults with hearing impairment. A 2016
US survey asked people with self-reported hearing disabilities
which features or functions they use on their smartphone and
mirrored this with results for all American adults [22]. In the
survey, the use of social media apps seems to be lower in people
with a self-reported hearing disability (64% vs 75% of all
American adults), but no statistical testing was done, nor was
an adjustment made for potential age differences. Therefore, it
is uncertain if these results agree with those of our study.

It therefore seems that, apart from the use of social media apps,
no notable differences exist in the type of apps that adults with
hearing impairment use compared with normal hearing adults,
but other research should confirm these results.

RQ3: Use of Social Media
Of the NL-SH participants, 86.6% (625/722) used social media
on any type of device. Again, this is comparable with the general
Dutch population: 85% used social media in 2017 [34]. Most
of the NL-SH participants who use social media do this daily
or multiple times a day (551/627, 87.9%). This outcome is not
available for the general Dutch population, but there is a
marketing report describing 72% of WhatsApp users (WhatsApp
is the most frequently used social media app in the Netherlands)
using this app on a daily basis in 2017 [38]. This is lower than

the 87.9% (551/627) we find for social media overall, but this
difference is likely caused by this percentage only covering a
single social media platform that is also primarily used on a
smart device.

Despite the lower weekly use of social media apps by adults
with hearing impairment, overall social media use did not differ
between adults with normal hearing and those with hearing
impairment. A reason for this could be that, in the question on
the use of apps, we made a distinction between communication
apps (email and direct messaging apps such as WhatsApp) and
social media apps (eg, Facebook, Instagram, and Twitter;
Textbox 1). The latter addresses use of social networking sites.
In the question about overall social media use, direct messaging
and social networking sites were taken together. The addition
of direct messaging to this question may have obfuscated the
difference in use of social networking sites. Another explanation
could lie in device preferences. Many social media platforms
also run in a web browser. Perhaps adults with hearing
impairment have a preference for approaching these social media
through a web browser on a laptop or PC because of their larger
screens. It is also possible that they prefer to use these devices
because they can easily be set up with a speaker. From the
hearing test results we know that 71.9% (276/384) of the
participants with hearing impairment performed this test with
speakers as opposed to using a headphone, whereas this rate
was 37.9% (129/340; the type of transducer used was missing
for 1 participant) in normal hearing participants. It should also
be taken into account that different social media platforms attract
users with different characteristics [39]. As we did not ask about
distinct social media platforms, we could not compare their
specific use. The results could therefore also imply that adults
with hearing impairment make less use of social media platforms
that are mainly used as an app, for example, Instagram. A final
reason for the divergence could be that the use of apps concerned
weekly use, whereas use of social media did not specify
frequency of use.

We also did not find differences in the frequency of overall
social media use. The sparse literature on the latter outcome
shows contradictory results and focuses on young people who
were born deaf or hard of hearing or became deaf or hard of
hearing at a young age [40]. This group is not representative of
the participants with hearing impairment in the NL-SH, most
of whom have age-related hearing loss. There are important
differences in proficiency in reading and writing and in their
self-identification between these groups that will likely affect
their social media use.

RQ4: Reasons for Using Social Media
A comprehensive theoretical framework on what people do on
social media and why they use social media has not been
established. Several motivations [41] and theories [42] have
been put forward. The activities we asked about in our reasons
for using social media mostly fall within the motivations
summed up previously [41]. In line with the literature [41,43]
and marketing research [44], we found considerable agreement
with using social media to keep in touch with people, especially
those in the private social network [44]. This is also confirmed
by the fact that 80% of the Dutch people aged ≥12 years use
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social media for direct messaging. There was also agreement
with using social media to connect with colleagues and to create
content and consume content, but this was less pronounced.
These reasons also concern relationships with other people but
are probably less important because the first reason pertains to
professional contacts and the latter 2 concern less direct ways
of connecting with others. Although 30% of the population of
the Netherlands were said to use a professional social network
in 2017 [34], daily use of LinkedIn is limited [38]. This confirms
the disagreement we found with the statements about social
media and work. NL-SH participants also do not agree with
filing complaints and problems (with businesses and
organizations) using social media. Marketing research in 2017
shows similar outcomes: 9% of Dutch people contacted
customer services through WhatsApp, and only 12% of them
had a preference for this [45]. There is a major preference for
traditional contact through phone and email. Agreement with
using social media to gain new knowledge was fairly evenly
divided across the participants. The literature also mentions this
as a motivation for using social media but gives no clues about
its relative importance for using social media [41].

In the comparison between the 2 groups, we found that
participants with hearing impairment are more likely to agree
with using social media to stay in touch with family members
and friends. They were also more likely to have the highest
level of agreement with using social media to perform their
work compared with the lowest level of agreement. The results
of research among young people who are deaf and hard of
hearing show that the most frequent motive to use social media
is to maintain social contact, although no comparisons were
made with normal hearing people [40].

No other studies could be found on use of social media for work
purposes among adults with hearing impairment. Thus, we are
the first to report that agreement with using social media to keep
in contact with family and friends and to perform work is higher
among adults with hearing impairment than among normal
hearing peers.

RQ5: Experienced Benefits From Using Social Media
Gains or benefits experienced from using social media are
conflated with the reasons to use social media. The finding that
almost a third (202/628, 32.2%) of the whole group agreed that
using social media had given them closer or more intense family
ties and that 25.6% (161/628) had gained closer or more intense
friendships ties in with many participants using social media to
stay in touch with people close to them. Research in adolescents
shows that social media can have a positive effect on their social
connectedness and sense of belonging [46]. Positive results on
social well-being are also found in adults but only when there
is low emotional investment [47].

We found no differences between adults with hearing
impairment and those with normal hearing for the experienced
benefits from social media use. This suggests that despite our
previous finding that participants with hearing impairment are
more likely to use social media to stay in touch with family
members and friends and to perform their work, they derive
benefits from this similar to those derived by normal hearing
adults.

Implications for Clinical Practice and Research
The broad use of smart devices in our sample shows the potential
for digitalized hearing health care through specific apps.
However, it should be noted that 9% (65/725) of the NL-SH
participants did not use a smart device and that this was more
prominent in older adults. Of all study participants aged >65
years, 15.7% (182/216) did not use a smart device (results not
shown). As most of the people with hearing impairment are
aged >65 years, this means that a substantial number of people
with hearing impairment access the internet by other means. To
ensure equal access, digital hearing health care should not be
restricted to apps; it should also be available on desktop
computers and laptops. This ties in with the possibility that
adults with hearing impairment have a preference to use these
latter devices to access social media.

The use of medical and health apps appears low in our sample
because only 12.4% (82/660) reported using these apps and
their use is apparently higher in the general public. This does
not imply that adults with hearing impairment have little interest
in apps for hearing health care; rather, it means that more
research is needed into their needs and wants. A variety of
solutions may be necessary, as was shown in previous research
on eHealth alongside the customer journey of older people with
hearing loss [48].

We speculated that communication through the internet could
be specifically attractive to adults with hearing impairment.
Indeed, adults with hearing impairment were more likely to use
social media to stay in touch with family members and friends
than normal hearing adults. Nonetheless, they were not more
likely to report closer or more intense family ties or friendships
from using social media. This shows that internet-mediated
communication does not have more salience for adults with
hearing impairment than other modes of communication. More
research is needed on the type of social media that adults with
hearing impairment use to stay in touch with close family
members and friends and whether the higher use mitigates
mental health outcomes as we have put forward.

Finally, participants with hearing impairment were more likely
to use social media to perform their work. Work can be
challenging for people with hearing loss because of the
difficulties in spoken communication. This can result in
increased levels of fatigue, stress, loss of productivity, and job
loss [49,50]. It would be of interest to study how adults with
hearing impairment use social media to perform their work and
whether social media use can help to mitigate these adverse
effects. Consideration could also be given to using social media
for audiological rehabilitation purposes, for instance, providing
the option to consult vocational rehabilitation services through
direct messaging, but this needs further investigation.

Strengths and Limitations
The strengths of this study include the large sample, its diversity
in age, the comparison between adults with normal hearing and
those with hearing impairment, the correction for confounders,
and the functional measurement of hearing ability. As all
measurements were performed through a questionnaire and a
hearing test that ran in a web browser, the study was likely to

J Med Internet Res 2021 | vol. 23 | iss. 12 | e27599 | p.855https://www.jmir.org/2021/12/e27599
(page number not for citation purposes)

van Wier et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


attract adults who are fairly comfortable with using the internet
through a web browser. Nevertheless, the total sample seems
representative of the general Dutch population in their use of
technology and social media.

Our study includes several limitations. We used existing
questionnaires that are used for marketing purposes. We were
not able to find any documents showing validity of these
questionnaires. Nevertheless, given that they are used in
marketing research, we assume that they were developed
according to accepted standards and hence valid, although a
scientific report on their validity has not been published. We
assume that the questions on use of technology and different
types of apps were valid. The questions we devised on several
aspects of social media use were not tested for validity either.
This needs further investigation. In addition, all data were
self-reported and could therefore suffer from recall bias,
particularly the questions that included frequency of use, as
well as from social desirability bias. The actual use of apps and
social media on smart devices can be measured by individually
tracking their use with software that collects these data and
sends them to a research database [51], but this was not feasible
in this study. Given that we did not ask about controversial
topics with respect to using the internet and social media as well
as the rather anonymous nature of filling out a web-based
questionnaire, we believe that social desirability bias is of
minimal importance in our study. Another limitation is the use
of convenience sampling. The NL-SH sample is more highly
educated than the general Dutch population, which could hamper
generalization. However, the comparisons between adults with
hearing impairment and those with normal hearing are still valid
because they were performed within this sample and no
influence of education level was found on the associations. All
analyses were cross-sectional, which does not allow for
inferences on causal relationships. Finally, we performed a very

large number of statistical tests. The probability of a type 1
error, finding a statistically significant difference when in reality
there is no difference, increases with multiple testing. We did
not correct for this because we considered our study to be
exploratory in nature. The results should be interpreted
accordingly.

Conclusions
The potential for digitalized hearing health care is confirmed.
Adults with impaired hearing are not less likely to use smart
devices than their normal hearing peers. More research is needed
into the needs and wants of adults with hearing impairment for
the type of hearing health care solutions they seek.

Adults with hearing impairment agreed more with using social
media to stay in touch with family members and friends than
normal hearing adults, but this did not result in closer or more
intense family ties or friendships. Research is needed on the
type of social media that adults with hearing loss use to stay in
touch with close family members and friends and to determine
whether the higher use of social media mitigates mental health
outcomes as we have put forward. Given that participants with
hearing impairment are more likely than their normal hearing
peers to use social media to perform their work, it would be of
interest to study whether and how vocational rehabilitation
services for workers with hearing impairment could be
implemented on social media platforms as an alternative or
supplementary to standard hearing health care. Adults with
hearing impairment are less likely to make weekly use of social
media apps on a smartphone, tablet, or smartwatch but not less
likely to use social media on all types of internet-connected
devices. This warrants further research on the types of social
media platforms that adults with hearing impairment use and
on the type of device on which they prefer to use social media.
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Abstract

Background: Technology-based innovations that are created collaboratively by local technology specialists and health experts
can optimize the addressing of priority needs for disease prevention and control. An EpiHack is a distinct, collaborative approach
to developing solutions that combines the science of epidemiology with the format of a hackathon. Since 2013, a total of 12
EpiHacks have collectively brought together over 500 technology and health professionals from 29 countries.

Objective: We aimed to define the EpiHack process and summarize the impacts of the technology-based innovations that have
been created through this approach.

Methods: The key components and timeline of an EpiHack were described in detail. The focus areas, outputs, and impacts of
the twelve EpiHacks that were conducted between 2013 and 2021 were summarized.

Results: EpiHack solutions have served to improve surveillance for influenza, dengue, and mass gatherings, as well as laboratory
sample tracking and One Health surveillance, in rural and urban communities. Several EpiHack tools were scaled during the
COVID-19 pandemic to support local governments in conducting active surveillance. All tools were designed to be open source
to allow for easy replication and adaptation by other governments or parties.

Conclusions: EpiHacks provide an efficient, flexible, and replicable new approach to generating relevant and timely innovations
that are locally developed and owned, are scalable, and are sustainable.

(J Med Internet Res 2021;23(12):e34286)   doi:10.2196/34286

KEYWORDS

epidemiology; public health; diagnostic; tool; disease surveillance; technology solution; innovative approaches to disease
surveillance; One Health; surveillance; hack; innovation; expert; solution; prevention; control

Introduction

Technology can play an important role in the prevention and
control of infectious disease. Historically, developing technical
solutions has required substantial financial resources, human
capacity, and time. All too often, innovative technologies that
are introduced as pilot projects or research endeavors are
terminated prematurely due to a lack of sustained funding or a
lack of a postresearch plan. Third-party technologies that are
created for governments are often discarded when vendors

change or fail to create long-term plans for sustainability and
scaling. In other cases, misalignment with current contexts and
capabilities has often resulted in technologies being unsuccessful
despite the best intentions. In short, technology solutions that
are created for low- and middle-income countries to address
local challenges, rather than those created by such countries,
are quickly becoming a thing of the past.

Creating scalable and sustainable innovations for disease
prevention and control requires local technologists to work
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together with health experts to optimize the desired results when
creating technology-based innovations. Conducting an EpiHack
is one way to optimize such results. EpiHacks provide a unique
process for combining the science of epidemiology with
elements of a hackathon to cocreate solutions that address
existing and future needs through a highly collaborative and
intensive event.

Engaging local technologists and health experts from idea
inception to prototype development can ensure that the
appropriate contexts, such as language, culturally relevant
imagery, and social norms, are duly considered when creating
any solution to identified challenges. Additionally, innovative
solutions that are generated through the use of existing
infrastructures and widely available technologies are more likely
to be widely adopted and affordable.

In an EpiHack, design thinking is the principal approach that
is used to identify needs and guide the development of tools
and systems to meet those needs. Design thinking is a process
for solving problems by prioritizing end users’ needs through
observing how people interact with their environments and by
using an iterative, hands-on approach to creating innovative
solutions [1]. The focus of an EpiHack can be specifically on
disease, situations, or improved data analysis and visualization.
EEpiHack solutions have served to improve surveillance for
influenza, dengue, and mass gatherings, as well as laboratory
sample tracking and One Health surveillance, in rural and urban

communities. As of January 2021, a total of 12 EpiHacks have
been executed across 5 continents, resulting in open-source
technologies positively impacting disease prevention and
control. This paper defines the EpiHack process and summarizes
the impacts of the technology-based innovations that have been
created through this approach.

Methods

EpiHack elements and the timeline of an EpiHack were
described. The twelve EpiHacks conducted between 2013 and
2021 were reviewed to document the focus areas, outputs, and
impacts.

EpiHack Components and Timeline
Each EpiHack prioritized the needs of the host country or
organization to solve real-world problems efficiently and
effectively through a highly interactive and collaborative
process. EpiHacks are immersive, residential programs in which
developers and health experts work side by side on-site until
the desired outcomes are achieved. EpiHacks generally occur
over the period of 1 week but can be adapted according to the
complexity of the problem(s) to be solved (Figure 1). In theory,
it may be possible to host a web-based EpiHack, although this
approach has not yet been tested. Participants do not compete
for prizes or awards; rather, they collaborate to achieve common
goals and maximize the desired impact.

Figure 1. EpiHack components and timeline. EpiHacks are ideally conducted over a 1-week period to provide optimum time for defining the problems,
exploring solutions, and arriving at prototypes by the conclusion of the event.

Planning and Preparation
An EpiHack requires rigorous advanced planning, including
securing a location for hosting an immersive, potentially
weeklong event with extended hours each day. A good deal of
time and effort goes into identifying participants, which include
key stakeholders from the government, the private sector, and
the community along with technologists and facilitators, who
are critical to ensuring the successful outcomes of the event. It
is imperative that various levels of government be brought into
the planning process at the earliest stage, given their critical

roles and responsibilities in national and local disease prevention
and control.

The host organization is typically an in-country partner who is
eager to improve local disease prevention and control capacities
and fill existing gaps. Host organizations have included
government agencies, universities, and not-for-profit
organizations. The host must oversee all planning and the
execution of the event and ensure that the right mix of health
and technology participants will be in attendance. An appropriate
balance of subject matter expertise and technology development
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skills is crucial to inspiring unbridled creativity. A developer
to health expert ratio of 3:1 is recommended.

Given that 3 in 4 emerging infectious diseases have their origins
in animals, it is imperative that technology-enabled solutions
for disease prevention and control engage both the human and
animal sectors [2]. EpiHacks therefore require the active
engagement of subject matter experts across the human and
animal health sectors, including epidemiologists, veterinarians,
and health care specialists. They also engage diverse end users,
such as farmers, market workers, community health volunteers,
district health officers, and lab technicians. EpiHacks also
require the participation of a diverse set of local technology
professionals who are familiar with front-end development (user
interfaces and web design), back-end development (servers and
databases), and data science elements (data management and
analytics). Local technology expertise promotes mindfulness
toward how proposed innovations can manifest into readily
usable technologies.

Ensuring that strategic governmental partners, potential funders,
and key community organizations are engaged in the planning
of an EpiHack also improves the likelihood of successful
outcomes. This also allows for the longer-term engagement of
stakeholders from key implementing organizations, who are
necessary for fully deploying the tools and systems that are
created during an EpiHack.

In some cases, hosts may work with stakeholders in advance to
frame the challenges that will be addressed during an EpiHack
before the start of the event. In most instances however, the true
nuances of these challenges come to light only after an EpiHack
begins. Many aspects of an EpiHack are intentionally made to
be unconfined to provide participants with the freedom to arrive
at the most creative and appropriate solutions. Part of the initial
planning includes arrangements for “field trips” or site visits to
explore technical capabilities and to meet the potential end users
of the innovations to be created during an EpiHack.

Most EpiHack attendees—both technology and health expert
participants—reside in the host country. This ensures that
participants are aware of the local contexts and challenges
related to developing compelling prototypes that resonate with
the targeted end users. Attracting and identifying the right local
technology partners often require posting about the upcoming
EpiHack on various media outlets and recruiting them from
both the private and public sectors. Health expert attendees are
generally invited based on their area of expertise or role within
the government with regard to disease prevention and control.

Arrivals and Introductions
Given that many EpiHack participants do not know each other
or have not attended a prior EpiHack, it is important to provide
adequate time for getting acquainted through icebreakers,
providing an introduction to the process of an EpiHack, and
setting expectations for the days of the EpiHack. Often, the
human and animal health experts, even if they are from the same
country, do not know each other well and appreciate the
opportunity to socialize before the intensive EpiHack process
ensues. Building mutual trust and respect between the health

experts and the technologists is essential, given the rapid pace
of the event.

Defining the Problem
In most EpiHacks, participants begin their substantive work by
defining the problem or clarifying the challenges to be addressed
over the course of the week. This focus at the start provides the
opportunity for content experts to explain existing challenges
and allows for technology participants to ask questions to the
health experts and vice versa. In cases where the problem to be
addressed is determined through pre-event work, the EpiHack
starts off with the host organization updating the participants
on the desired goals.

Ground Truthing
Once the challenges have been defined, the participants travel
to the “field” to visit relevant sites, so that they can better
understand the needs of end users. During these visits,
participants interact directly with multiple end users of the
proposed technology solution(s) and explore their operating
environments. This may include visits to government facilities,
community health clinics, hospitals, or live animal markets to
examine the existing workflows and current infrastructures with
which the proposed tools will operate. These visits might entail
engaging with farmers in rural villages or observing community
health workers in their catchment areas to understand firsthand
the challenges to be resolved. EpiHack solutions must be capable
of integration and interoperation with existing systems and use
the pervasive technologies in a given country or region. These
solutions must also account for issues, such as those related to
internet connectivity and ease of use.

Prototyping Solutions
An important part of an EpiHack is hacking, and this takes place
over the several days of the so-called hacking stage. Participants
work collaboratively to iterate on ideas, test concepts by
developing mock-ups, and begin to create functional prototypes.
During this time, technology experts work closely with their
health counterparts to resolve issues related to design, testing,
and strategies for implementation. Although hacking is the
primary function of the technologists, the health experts use
this time to further develop plans for pilot tests, end-user
engagement, and the scaling of the solutions. Often, the
participants divide themselves into smaller teams to concentrate
on building a specific tool or to allow for intense focus on a
particular issue.

All tools, prototypes, and systems that are developed in
EpiHacks are open source, meaning that the software for original
source codes is made freely available and may be modified.
This allows others to replicate or adapt the tools for their own
purposes. Participants are asked to sign an open-source
agreement to this effect, waiving any intellectual property rights
for the ideas or tools that are developed during EpiHack events.
The designs, prototypes, and tools that are created during an
EpiHack are typically further developed into fully deployed
systems that serve the host country or organization following
the event. In many cases, the collaborations among the
technologists and health experts that occur during an EpiHack
continue well after the week’s end.
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Sharing Outcomes
The penultimate event of the week is the showcasing of the
solutions and prototypes developed during the EpiHack among
the participants and key stakeholders. Community members are
also invited to this event to broaden engagement and further
facilitate the uptake of the solutions. Private sector participation
can often help with devising strategies and creating necessary
partnerships for financing and scaling tools. Such partnerships
are especially useful when large-scale health emergencies
require the rapid adoption and widespread use of solutions.

Evaluation and Departures
The work of an EpiHack does not end after participants share
the outcomes. Often before leaving, participants make
commitments to certain outcomes and align their roles with
those of other stakeholders to ensure the completion and
sustainability of the proposed solutions. Many times, participants
create a mailing list or a WhatsApp group to update each other
on the progress of tool development post-EpiHack and to share
opportunities for further engagement. At the conclusion of each
EpiHack event, participants complete a survey, and organizers
hold an after-action debrief to evaluate the impact of the
EpiHack and identify areas for improvement.

Research Ethics Statement
This study did not receive or require ethics approval, as it did
not involve human or animal subjects.

Results

Since 2013, a total of 12 EpiHacks have been conducted, and
each event resulted in 1 or more prototypes of tools or systems
for enhanced disease prevention and control (Table 1).

EpiHack solutions have included national hotlines, One Health
participatory surveillance systems, health monitoring tools for
mass gatherings, and systems for mosquito vector control.
EpiHack Phnom Penh, for example, laid the groundwork for
the 115 Hotline—an interactive voice response system that
allows Cambodians nationwide to report on suspected health
threats in their community as well as access a menu of health
education messages [3,4]. During the COVID-19 response, this
free national hotline became the primary means for reporting
COVID-19 suspect cases, initiating contact tracing efforts, and
sharing COVID-19–related health information to the community.

The hotline received an average of 18,000 calls per day at the
peak of the COVID-19 pandemic and an average of 600 calls
per day before the pandemic [5].

EpiHack Chiang Mai resulted in the Participatory One Health
Disease Detection (PODD) system in Thailand, which uses
smartphone apps and web applications to empower trained
village volunteers to report unusual disease events in livestock,
wild animals, and humans. By using this system, reports are
triaged by PODD analysts and result in a response from local
public health and livestock offices when warranted [6,7]. To
date, over 19,000 volunteers have been trained to use the PODD
system, and the project has expanded to approximately 400
subdistricts across 27 provinces in Thailand. In addition,
community members used the PODD system to track the health
of nonresidents who entered their village during the
government-instituted COVID-19 lockdowns. Among 340
applications from 61 countries, the PODD system was the grand
prize winner of the Trinity Challenge—an initiative that was
created by a coalition of companies, foundations, and
universities to recognize innovations in data-driven research
and analytics for global health emergencies [8].

EpiHack Arusha participants created digital prototypes that
resulted in the AfyaData mobile app for One Health surveillance
in Tanzania. The system is used by trained volunteers in the
Morogoro and Ngorongoro districts in Tanzania and allows for
the real-time collection of data on human and animal health.
AfyaData collects information at both the community and health
facility levels and returns information on potential health
intervention strategies to the reporters [9]. During the COVID-19
pandemic, AfyaData was shared with Mozambique for the
cross-border tracking of COVID-19.

Due to the successful use of participatory surveillance for the
first time at a mass gathering during the 2014 World Cup in
Brazil, EpiHack Rio de Janeiro hosted a diverse set of
international participants in 2015 to replicate this surveillance
approach and enable the early identification of disease clusters
during the Rio Olympic and Paralympic Games [10,11].
Members from India attended this EpiHack and incorporated
their learnings from mass gathering disease surveillance during
religious events in India [12]. The participatory surveillance
tool in Brazil has since been adapted to monitor symptom reports
from the public in Brazil and to capture data on COVID-19
symptom reporting in Brazil, Chile, and Peru.
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Table 1. Summary of the EpiHacks conducted between 2013 and 2018.

Output and impactFocus areaHostsParticipants, nLocationDate

The 115 national reporting hotline was created and
deployed nationwide for disease reporting by the

Participatory
surveillance

Royal University of
Phnom Penh and
Cambodia Ministry of
Health

55Phnom Penh,
Cambodia

August 2013

community and relaying health alerts. Averaging 600
calls per day, the hotline scaled during the COVID-
19 pandemic to 18,000 calls per day and captured
over 90% of the initial COVID-19 suspect cases [5].

PODDa mobile apps and web-based applications
were created. The PODD tool expanded from a single

One Health participa-
tory surveillance

Chiang Mai Universi-
ty College of Veteri-
nary Medicine and

49Chiang Mai,
Thailand

March 2014

province and was adopted by >400 local governments
Chiang Mai Provin- across 27 provinces in Thailand with >19,000 trained
cial Public Health &
Livestock Offices

volunteers [5]. During the COVID-19 pandemic, the
PODD tool was adapted for tracking suspected
COVID-19 cases.

A dengue larvae survey tool was developed to allow
for active community engagement in reducing the

Dengue surveillanceMekong Basin Dis-
ease Surveillance Net-

62Lao People’s
Democratic Re-
public

June 2014

number of larvae breeding sites to improve dengue
prevention and control.

work and Lao Peo-
ple’s Democratic Re-
public Ministry of
Health

The AfyaData One Health surveillance tool was de-
veloped, and it collected over 12,000 reports of ab-

One Health participa-
tory surveillance

Southern Africa Cen-
ter for Infectious Dis-
ease Surveillance,

74Arusha, Tanza-
nia

December
2014

normal health events in humans and animals over
first 5 years of operation. The timeliness of local re-Ministry of Health,
porting to authorities improved from an average ofand Ministry of Live-

stock and Fisheries 10 days to an average of 3 days [9]. During the
COVID-19 pandemic, AfyaData was shared with
Mozambique for cross-border reporting.

The Guardians of Health surveillance tool was creat-
ed, and it demonstrated the utility of participatory

Mass gathering
surveillance

Brazil Ministry of
Health

49Rio de Janeiro,
Brazil

July 2015

surveillance for monitoring health events during mass
gatherings [10,11]. The tool has been used for
COVID-19 surveillance among subpopulations in
Brazil, Chile, and Peru.

A Flu Near You (influenza-like illness symptom re-
porting system) data dashboard was created to im-

Influenza surveil-
lance

University of Minneso-
ta Food Protection and
Defense Institute and

30Minneapolis,
United States of
America

September
2015

prove data visualization, and it enhanced data analyt-
ics for use by local health departments.National Association

of City and County
Health Officials

A digital data dashboard for One Health surveillance
was built based on the learnings from the Thailand
and Tanzania EpiHacks.

One Health surveil-
lance systems

Southeast European
Center for Surveil-
lance and Control of
Infectious Diseases,

41Saranda, Alba-
nia

April 2016

Ministry of Health,
Institute of Public
Health, and Ministry
of Animal Health

A hotline for citizen volunteers to report on health
issues was developed for direct community reporting
on health issues.

Participatory
surveillance

Myanmar Ministry of
Health

44Yangon, Myan-
mar

April 2016

A Flu Near You data validation toolkit and data
dashboard enhancements were developed for local

Influenza surveil-
lance

Council of State and
Territorial Epidemiol-
ogists

25Denver, United
States of Ameri-
ca

September
2016

health departments to better interpret Flu Near You
data [13].

A community outbreak reporting hotline was created
by replicating the 115 Hotline model from Cambodia
for use in Vietnam [14].

Participatory
surveillance

Vietnam Ministry of
Health General Depart-
ment of Preventive
Medicine

31Hanoi, VietnamOctober
2017
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Output and impactFocus areaHostsParticipants, nLocationDate

The Mo-Buzz dengue surveillance app was enhanced
to improve the user interface, digitize paper forms,
and improve data analytics and the visualization of
breeding sites that were indicated as high-risk areas
[15].

Vector-borne dis-
ease surveillance

Colombo Municipal
Council and Nanyang
Technology Universi-
ty

90Colombo, Sri
Lanka

November
2017

A contact tracing prototype and laboratory sample
tracking system were created.

Emergency Opera-
tions Center

Uganda Ministry of
Health

44Kampala,
Uganda

April 2018

aPODD: Participatory One Health Disease Detection.

EpiHacks have also contributed to building a community of
practice around innovations in surveillance. In several instances,
members who have attended an EpiHack apply their learnings
to subsequent EpiHacks and new tool development. For
example, health experts and developers from Tanzania attended
EpiHack Chiang Mai (conducted in March 2014) to learn about
the EpiHack process. Subsequently, they applied their learnings
to the EpiHack in Tanzania (conducted in December 2014).
Conversely, participants from EpiHack Chiang Mai attended
the EpiHack in Tanzania to help guide the event. Furthermore,
learnings from the Tanzania EpiHack informed the Albania
EpiHack, which resulted in the development of the Albania One
Health surveillance system.

EpiHack participants’evaluations uncovered key thematic areas,
including the value of dedicating time to networking, the utility
of the “field trips,” and the desire for ongoing engagement with
coparticipants. As noted in the evaluations, the provision of
adequate time during each EpiHack for networking is prioritized.
Additionally, up to 1 whole day is dedicated to the “field trip,”
so that all participants can experience the realities that are
relevant to their solutions. Finally, given the interest of
participants in continuing their engagement after EpiHack
events, email listservs and WhatsApp groups are created by the
organizers to facilitate ongoing communication among
participants.

Discussion

EpiHacks provide an efficient and effective approach for
generating relevant and timely innovations in disease prevention

and control that are locally developed and owned. EpiHacks
are well suited for tackling challenges that require creativity,
consensus among stakeholders, and cross-sectoral collaboration.
Political support and buy-ins from local leadership are
foundational for a successful EpiHack. Although not all EpiHack
hosts are government agencies, their participation is important
for fostering the necessary buy-ins for the development of
prototypes and sustainability.

EpiHacks offer opportunities for new collaborations and
networking among participants at the national level and on a
global scale. Most EpiHack participants are chosen by organizers
from the host nation in keeping with a focus on local and
sustainable solutions. Engaging EpiHack alumni, who
understand the process due to their previous experiences, is
highly beneficial. Those who are interested in hosting a future
EpiHack might attend an event to experience this approach prior
to hosting their own convening.

EpiHacks have been used primarily in the context of innovations
for the prevention and control of infectious disease. This
approach however could serve as a model for the advancement
of solutions to other global health challenges. Web-based
training on the EpiHack approach is free, and the health
community is encouraged to consider this efficient method for
advancing technology solutions to challenges in a variety of
contexts [16]. The lessons gained from EpiHacks to date are
that no community is too hard to reach, no country is too
resource poor to innovate, and curiosity outshines fear around
the globe when people are given the opportunity to create local
solutions to pressing problems.
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Abstract

Background: Many people use the internet to access health care information to support health care decisions, and hospital
websites can be the first point of contact to provide health care information services for consumers. However, little is known
about the current information services provided by the websites of large Chinese hospitals.

Objective: The aim of this study is to evaluate and compare the information services of the websites of large hospitals in China
and the United States. We hope that our findings will benefit hospital managers worldwide in providing service information on
the web.

Methods: This study adopted a cross-sectional analytical approach to evaluate the websites of large hospitals in China and the
United States in 2020. A total of 300 large hospitals were randomly selected, of which half were in China and half were in the
United States. Based on the 7Ps marketing mix, we identified 39 items that represent typical hospital website information services,
covering the following seven dimensions: product, price, place, propagation, people, process, and physical evidence.

Results: Most of the items (34/39, 87%) related to information services offered by hospital websites were less covered in China
than in the United States; however, 5 items (appointments by a third-party platform, mobile payment, hospital value, hospital
environment display, and physicians’ profiles) had higher coverage in China. The average scores for hospital websites in China
and the United States were 13.25 (SD 2.99) points and 23.16 (SD 2.76) points, respectively. Generally, high scores were given
to the south areas of China and north areas of the United States.

Conclusions: Hospital websites in China lagged behind those in the United States with regard to information services offered.
We recommend that hospital managers in China place more emphasis on the people, product, and propagation dimensions of the
7Ps marketing mix in the construction of information services on hospital websites. Through the comparison of the websites of
large hospitals in China and the United States, our study findings can provide suggestions for forming standard hospital website
construction guidelines worldwide.

(J Med Internet Res 2021;23(12):e27392)   doi:10.2196/27392
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hospital websites; internet; information services; marketing mix; 7Ps; health care information services; hospital management;
hospitals; patient services; eHealth
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Introduction

The internet has become ubiquitous in people’s lives. As of
October 2020, almost 5 billion people had direct access to the
internet worldwide [1]. According to a report by the China
Internet Network Information Center, as of March 2020, the
penetration rate of internet users in China was 64.5%, which
represents an increase of 4.9% when compared to this
penetration rate in 2018 [2]. Most adults use the internet to
access health care information to support health care decisions
[3,4], and a hospital’s home page can serve as the first point of
contact to provide health care information services for
consumers. Thus, in the internet era, the hospital website has
become an important window connecting various departments
of a hospital with patients and society, as well as a fairly new
marketing tool to current and potential customers [5].
Customers’ decision-making processes are often influenced by
their perceptions and evaluations of a hospital’s website [6]. It
is important for hospital websites to meet their expectations by
providing useful and accessible information [7]. Therefore, the
evaluation of hospital websites has become inevitable.

The subject of hospital website evaluation has been heavily
researched in different studies, such as an analysis of private
hospital websites promoting medical tourism in India, Malaysia,
and Thailand [8]; an evaluation of the quality of private hospital
websites in Turkey; an evaluation of top academic hospitals for
finding endocrine surgeons [7]; an evaluation of website
information provided by pediatric surgery centers in Australia
and New Zealand [4]; and a ranking of children’s hospital
websites in the United States [9]. However, previous studies
have not fully examined the evaluation of websites of general
or large hospitals. Various models or frameworks have been
proposed to evaluate hospital websites, mainly focusing on the
quality of the websites [10-12] or evaluating their accessibility
[13]. Network engagement for hospitals is a skill that exists at
the intersection of marketing and technical capability [6], and
a well-designed hospital website that shows considerable service
information could influence patients to take the first step into
a facility. There is much less evidence of evaluating hospital
websites from the perspective of information service.

Affected by the “Internet Plus Healthcare” strategy of the
Chinese government (which proposes that internet technologies
should be used to offer medical and public health services,
promote family physician practices, improve drug supply and
medical bill settlement, conduct medical education, and provide
artificial intelligence services) [14], the overall construction
level of hospital websites in China has improved significantly
with time [15]. Furthermore, there is a substantial difference
between past and modern hospital service concepts, especially
in terms of offering user-oriented services and information. It
is imperative to improve the information services provided by
Chinese hospitals, especially those provided by large hospitals
that offer intensive health care services. Therefore, it has become
necessary to determine the current state of hospital websites in
China. In addition, as shown in research that compared hospital
websites from different countries [16], there is no study about
the difference between hospital websites in China and other
countries. The United States, where the internet emerged, was

ranked third among countries with the most internet users after
China, which had the highest number of internet users [17]. It
would be interesting and meaningful to compare two powerful
countries such as China and the United States, which have the
largest economies in the world and represent a limited-income
country and high-income country, respectively. There are
615,000 hospitals in the United States and 3,435,000 hospitals
in China with a very large medical service market [18,19]. These
hospitals could provide valuable information for global health
care services when facing the increasing demand of the internet
market.

This study aims to compare the information services of large
hospital websites in China and the United States, based on the
7Ps marketing mix, and examine the problems that exist in
Chinese hospital websites. We hope that our findings will benefit
hospital managers not only in China and the United States but
also around the world, especially in providing web-based service
information.

Methods

Evaluation Framework Development
To the best of our knowledge, this study is the first to adopt the
7Ps marketing mix to form a logical evaluation framework for
the sake of comparison, as this study focuses on the information
services offered by hospital websites. The 7Ps marketing mix
is a service marketing theory that was developed by Booms and
Bitner [20] in 1981 by adding 3 new elements (people, process,
and physical evidence) to the traditional marketing theory of
4Ps (product, price, place, and promotion). People, process, and
physical evidence embody the characteristics of service
marketing. Through a combination of production and
consumption processes, this model allows customers to perceive
high-quality service with the purpose of establishing,
maintaining, and strengthening good long-term relationships
with customers. According to the general definition and
components of the 7Ps marketing mix, the corresponding
definitions and components in relation to service information
from hospital websites are presented in Multimedia Appendix
1. This evaluation framework consists of 7 dimensions and 39
items (components) for evaluating the service information of
hospital websites. We consulted 10 hospital management or
marketing experts to reach a consensus on determining and
classifying the 39 items (components).

Sampling
A large cross-sectional analysis approach was adopted to
evaluate hospital websites in China and the United States. We
randomly selected 150 large Chinese hospitals and 150 large
American hospitals (a total of 300 hospitals) to conduct a survey
of their website information services. Because it is very difficult
and time-consuming to extract information from websites, we
decided to randomly take 3 and 5 hospitals in each state and
province to obtain 150 samples from the United States and
China, respectively, after consulting with a statistician. All
eligible hospitals (over 500 beds) from each administrative
region of the two countries were included initially, and then a
random sampling procedure was conducted. We focused on
large hospitals because they usually serve more patients on
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average and their websites are visited by more users.
Furthermore, large hospitals are more likely to represent the
medical service capacity of a country. According to the current
classification standards of Chinese hospitals, the definition of
“large” refers to a Chinese hospital with at least 500 beds.
Correspondingly, the same criterion was applied to the selection
of American hospitals to map with the Chinese group. The
number of beds for the selected hospitals in the United States
was over 500 as well. The final sample of hospitals covered 31
provincial administrative regions in China (excluding Taiwan,
Hong Kong, and Macao) and 45 states in the United States
(excluding the states of Alaska, Montana, New Hampshire,
Vermont, and Wyoming). Hospitals in Taiwan, Hong Kong,
and Macao were excluded from the list of Chinese hospitals
because their development and management systems are run
differently from those in other regions of China for several
historical reasons. Additionally, the population of these regions
is too small to be included for explaining the general situation
of China. We excluded 5 US states in our study because we
failed to find hospitals with over 500 beds in these regions.
Detailed information about the samples is provided in
Multimedia Appendix 2.

Data Collection
From February to June 2020, two independent reviewers
identified the websites of the sampled hospitals using the Baidu
and Google search engines. Each website was comprehensively
assessed based on the 39 items of the previously developed
evaluation framework to check if the corresponding information
was available.

Statistical Analysis
To create summarized scores of website service performance,
the analytic method involved scoring the content according to
30 items, and each item was valued 1 point. The total score for
each hospital website was reported in a range from 0 to 30, with
a higher score on any given scale representing better
comparative performance. The higher the score, the richer the
information offered.

The 9 items that were not included in the scoring system were
website accessibility, mobile payment, web account payment,
appointment by telephone, appointment by official website,
appointment by official app, appointment by a third-party
platform, independent web page for hospital culture expressions,
and patient-centered value. Website accessibility was not
included in the scoring system because the information services
and total scores for the websites could not be identified. Methods
of making appointments and payments were excluded because
there were no criteria showing which method was better.
Independent web pages for hospital culture expressions and
patient-centered value were not related to the availability of the
service information offered but were related to how such
information was offered by hospital websites; therefore, they
were also left out of the scoring system.

Categorical variables were expressed as proportions and were
tested using the chi-square test. Continuous variables were
expressed as means and SDs and were tested by t test (if the
sample observations followed a normal distribution and had
homogeneity of variance) or Wilcoxon rank sum test (if the
sample observations followed an abnormal distribution and had
heterogeneity of variance). All analyses were conducted using
Stata, version 12.0 (StataCorp LLC). All P values quoted below
are 2-tailed and were considered significant when <.05.

Results

Of the sampled hospitals, a total of 143 Chinese and 150
American hospital websites were included, because 7 Chinese
hospitals had no website on the internet or the site could not be
accessed during our research.

All of the Chinese provinces/municipalities in this survey scored
below 20 points, and more than 90% (29/31, 94%) scored in
the range of 10 to 20 points. All of the studied American states
scored above 20 points. As shown in Figure 1, there was a large
gap between the two countries. It is interesting to note that the
highest scores were generally given to the southern areas of
China and northern areas of the United States. In terms of states
or provinces/municipalities, the American hospital websites in
Colorado, Delaware, and Rhode Island achieved the best scores
(28 points); in China, the websites in Beijing, the capital city,
obtained the highest score (17.2 points), followed closely by
those in Zhejiang Province (17 points), Guangdong Province
(15.43 points), and Shanghai Municipality (15.4 points). In the
United States, hospitals in the state of California were rated the
lowest (21.43 points); however, Sinkiang hospitals had the
lowest score (5.4 points) in China.

The comparative results of 39 items representing the information
services available on the websites between China and the United
States are shown in Table 1. Overall, the information services
offered by hospital websites in China were less covered than
those offered in the United States, except for the following five
items: appointment by a third-party platform, mobile payment,
hospital value, hospital environment display (pictures/videos),
and physicians’ profiles. The item with the highest availability
on websites in China and the United States was the medical
services list (139/143, 97.2%) and appointment services
(150/150, 100%), respectively. There were no information
services about 2 items—web account payment and patient and
family advisory council—on the Chinese hospital websites, and
no appointment service by a third-party platform was available
on American hospital websites. The data in Figure 2 are derived
from the proportion of American hospital websites minus that
of Chinese hospital websites for each information service item.
Among the items in which Chinese hospital websites lagged
behind, the five with the largest gaps were web account
payment, patient privacy protection statement, volunteer
services, COVID-19 information/policies, and social donation
(Figure 2). The differences were all statistically significant
(P<.001; Table 1).
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Figure 1. Comparison of the scores of hospital website information services in China and the United States.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e27392 | p.871https://www.jmir.org/2021/12/e27392
(page number not for citation purposes)

Zhong et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Comparison of the available number of hospitals by information service items of hospital websites between China and the United States
(N=300).

P valueChi-square (df)United States (n=150), n (%)China (n=143), n (%)Dimension and items

Product

.161.98 (1)149 (99.3)139 (97.2)Medical services list

<.00194.41 (1)104 (69.3)19 (13.3)Referral service

<.00133.94 (1)132 (88.6)82 (59)Online visit

<.00123.62 (1)134 (89.3)94 (65.7)Examination report query

.00111.76 (1)132 (88)103 (72)Insurance services

<.001107.06 (1)95 (63.3)8 (5.6)Living guide

<.001119.92 (1)95 (63.3)4 (2.8)Services for people with disabilities

<.001135.95 (1)107 (71.3)7 (4.9)Services for international patients

Price

<.00130.24 (1)116 (77.9)66 (46.2)Pricing transparency

<.00137.75 (1)142 (94.7)95 (66.4)Online payment

.0048.12 (1)75 (50)95 (66.4)Mobile payment

N/AN/Aa141 (94.6)0 (0)Web account payment

Place

.0077.17 (1)150 (100)143 (95.3)Web accessibility

<.00116.8 (1)147 (98)121 (84.6)Traffic guide

.0067.52 (1)150 (100)136 (95.1)Appointment services

<.001128.38 (1)143 (95.3)43 (31.4)Appointment by telephone

<.00166.2 (1)115 (77.2)40 (29.2)Appointment by official website

<.00149.4 (1)81 (54.4)20 (14.6)Appointment by official app

N/AN/A0 (0)119 (86.9)Appointment by a third-party platform

Propagation

<.00116.11 (1)102 (68)64 (44.8)Vision

<.001153.38 (1)142 (94.7)34 (23.8)Mission

.025.94 (1)112 (74.7)123 (86)Value

<.00147.19 (1)140 (93.3)85 (59.4)Exclusive web page for hospital culture expressions

<.00166.87 (1)144 (96)79 (55.2)Patient-centered values

.044.37 (1)137 (91.3)119 (83.2)Health science information

<.001188.08 (1)135 (90.6)13 (9.5)COVID-19 information/policies

<.00192.99 (1)97 (64.7)14 (9.9)Patient stories

<.00116.79 (1)140 (93.3)109 (76.2)Access to social media sites

People

.390.75 (1)139 (92.7)136 (95.1)Physicians’ profiles

<.00156.09 (1)49 (32.7)0 (0)Patient and family advisory council

<.001208.85 (1)143 (95.3)16 (11.2)Patient privacy protection statement

<.001194.94 (1)138 (92)15 (10.5)Volunteer services

<.001176.45 (1)131 (87.3)13 (9.3)Social donation

<.00152.05 (1)131 (89.7)73 (51.1)Feedback channels for hospital and medical services

.073.39 (1)13 (8.7)5 (3.5)Feedback channels for website visit experience

Process
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P valueChi-square (df)United States (n=150), n (%)China (n=143), n (%)Dimension and items

<.001160.81 (1)134 (89.3)22 (15.4)Classification of user-oriented interface

<.00132.08 (1)143 (95.3)101 (70.6)On-site search

<.00181.63 (1)92 (61.3)15 (10.5)Frequently asked questions

Physical evidence

.025.66 (1)134 (89.3)138 (96.5)Hospital environment displays (pictures/videos）

aN/A: not applicable.

Figure 2. Differences in proportions of information service items on American and Chinese hospital websites. The proportion difference equals the
percentage of accessibility of an item on American hospital websites minus the percentage of accessibility of an item on Chinese hospital websites.

Table 2 indicates the scoring results of information services
available on hospital websites in China and the United States.
The average scores for the 143 hospital websites in China and
the 150 hospital websites in the United States were 13.25 (SD
2.99) points and 23.16 (SD 2.76) points, respectively. The scores
of American hospital websites on 6 dimensions (product, price,
place, propagation, people, and process) were all higher than
those of Chinese hospital websites, and the differences were all

statistically significant (P<.001). For the physical evidence
dimension, namely, hospital environment display
(pictures/videos), the score of the Chinese hospital websites
was higher than that of the hospitals in the United States, and
the difference was statistically significant (z=–2.37; P=.02). In
addition, it can be seen from Table 2 that the largest gap existed
in the people dimension, with a difference of more than 2 times
in the average scores.
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Table 2. Scoring results based on the 7Ps marketing mix for Chinese and American hospital websites.

P valuez scoreUnited States (n=150)China (n=143)Criterion

Score, P50 (P25, P75)a
Score, mean (SD)Score, P50 (P25, P75)a

Score, mean (SD)

<.00111.006 (5, 6)5.31 (1.37)3 (2, 4)3.22 (1.13)Product (n=8)

<.0017.792 (1, 2)1.72 (0.49)1 (1, 2)1.13 (0.68)Price (n=2)

<.0014.642 (2, 2)1.98 (0.14)2 (2, 2)1.80 (0.45)Place (n=2)

<.00112.466 (5, 7)5.77 (1.16)3 (2, 4)3.33 (1.23)Propagation (n=7)

<.00114.672 (1, 2)5.03 (0.88)5 (5, 6)1.85 (0.80)People (n=7)

<.00119.133 (2, 3)2.46 (0.65)1 (1, 1)0.97 (0.69)Process (n=3)b

.02–2.371 (1, 1)0.89 (0.31)1 (1, 1)0.97 (0.18)Physical evidence (n=1)

<.00114.4323 (22, 25)23.16 (2.76)13 (11, 15)13.25 (2.99)Total (n=30)

aP50: 50th percentile; P25: 25th percentile; and P75: 75th percentile.
aTested by a 2-tailed t test.

Discussion

Principal Findings
This is the first study to evaluate the website information
services provided by large Chinese and American hospitals
based on the 7Ps marketing mix. Overall, the hospital websites
in the United States offer more information services compared
to those in China, which suggests that US hospital managers
consider this to be an important method of reaching their
customers. According to the scores of the hospital websites, it
can be clearly seen that the higher scores were mainly
concentrated in the south and east regions of China, which have
higher gross domestic products than those of other regions. This
could be explained by the fact that these regions have more
income and resources. It may also be the case that hospitals in
these regions are more concerned about competition and have
implemented a website as part of their strategy for attracting
patients [21].

Specifically, the results suggest that large hospitals in China
are largely lagging behind in offering user-oriented information
services on their websites. Our findings revealed that the
Chinese hospital websites focused primarily on basic services
and information, such as the medical service list, appointment
services, and physicians’ profiles, rather than paying more
attention to the people dimension and involving the participation
of and communication with the public, including patients,
patients’ families, volunteers, social donors, and website users.
Taking the item of the patient privacy protection statement as
an example, the proportion difference between Chinese and
American hospital websites was ranked first among the 30
comparable scoring items. This finding is consistent with a
previous study, in which only 22% websites of leading Chinese
general hospitals included a privacy and security policy or terms
of use [22]. Similarly, a comparable study revealed that hospital
websites in Kuwait focus primarily on promoting services
provided by the hospital rather than on engaging and
communicating with patients [23]; moreover, hospital websites
in Italy function more as sources of information on admissions
and services than as a means of communication between users

and the hospital [24]. As for the product dimension, Chinese
hospital websites are less thoughtful in caring about people with
special needs, such as patients with disabilities or language
communication barriers or people who require referral services
or living guides.

For the propagation dimension, the function of disseminating
public health information on websites is underused by large
hospitals in China. At present, the COVID-19 pandemic is still
active around the world; with the resumption of school and
work, the Chinese government is implementing normalized
epidemic prevention and control measures for a long-term fight
against the disease. Hospitals in mainland China responded to
the outbreak of COVID-19 positively by using information
technology–enabled services [25]. Nonetheless, the number of
hospital websites with COVID-19 prevention information and
policies in the United States is approximately 10 times that of
such websites in China. Additionally, the relatively low
percentages we found for the items of vision, mission, and
independent web pages for hospital culture expressions and
patient-centered value on Chinese hospital websites indicate
that there is significant potential for Chinese hospitals to
promote their culture development.

Conversely, compared to the United States, our study shows
that more Chinese hospital websites contain the following
information services: appointment by a third-party platform,
mobile payment, physicians’ profiles, hospital value, and
environment display.

Two factors can be mainly attributed to the differences in
appointments by third-party platforms and mobile payments
between the two countries. First, the payment method for
medical expenses in a country is closely related to the country’s
medical insurance system. In the United States, large hospitals
are often tied to (large) employers, such as Kaiser Permanente.
Patients do not have the choice to “shop” for hospitals and may
not wish to do so. This is also true of payment. Employees are
often insured “for free” in the United States, as their employer
provides them with insurance. People who are unemployed and
have a low income are not insured, and they may have no money
and no possibility to make mobile payments. In China, more
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than 95% of people are covered by basic health insurance [26].
Chinese people are usually free to make choices when seeking
care and making payments.

Second, with the continuous development of mobile information
technology, some basic functions performed by hospital websites
in the past have been gradually transferred to mobile terminals,
and the proportion of mobile medical services used in the
process of patient medical treatment is increasing in China [27].
Chinese people, especially the younger generation, are more
accustomed to using phones to make mobile payments—usually
the consultation fee, which is a relatively small amount—to
immediately confirm their appointments on the web. Mobile
payment in China has become a life habit for Chinese people;
this is not only reflected in the payment of medical expenses
but also in all aspects of life because of its convenience and
popularity. Chinese hospitals, under the influence of the
“Internet Plus Healthcare” strategy, which is the application of
internet technology in the medical industry and has been
promoted by the Chinese government since its initiation in 2015,
are also willing to cooperate with some large-scale application
platforms, such as WeChat and Alipay, to implement these
functions conveniently.

Therefore, Chinese users can easily obtain what they need
without visiting hospital websites. In contrast, the relatively
high rate of appointments on official websites and web account
payments by American hospital websites has firmly locked
American users into using them, and these websites have
become the main source for Americans to obtain health
information and services. With regard to the hospital values and
environment display, as well as physicians’ profiles, we found
in this study that incorporating hospital values, pictures of the
hospital environment, and physicians’profiles into the hospital’s
introduction and home pages has almost become a fixed practice
in most hospitals in China, which may partly explain the higher
percentages of these services on Chinese hospital websites.

Strengths and Weaknesses of This Study
By referring to the 7Ps marketing mix, we examined the
websites’ information services in terms of the aspects of product,
price, place, propagation, people, process, and physical evidence.
To the best of our knowledge, no previous study has built
evaluation items and thoroughly examined the information
services of hospital websites based on the 7Ps marketing mix.
In addition, this is the largest cross-sectional survey to date,
assessing and comparing 150 hospital websites in China and
150 hospital websites in the United States.

This study may have several limitations that are important to
note. On the one hand, we aimed to study the information
services provided by hospital websites, which are different from
traditional services; therefore, the classical 7Ps marketing mix
may not be fully applicable to this study. However, we have
adapted it to the websites’ information service features to
perform a rational evaluation. On the other hand, we simply
assigned 1 point to each item to build the scoring system for
evaluating the information services of Chinese and American
hospital websites; this approach may be unreasonable, as it does
not take into account the weight of each item. Finally, there
were 119 private (79.3%) and 31 public (20.7%) hospitals

among the sample of 150 American hospitals. All 150 Chinese
hospitals in the sample were public. We did not take the matter
of public and private hospitals into account; moreover, the
differences in social, political, legal, cultural, and other
environmental factors between China and the United States
were not considered, which could have affected the results.

Potential Implications for Hospital Leaders
For hospital leaders, the findings of our study may have some
potential implications based on the analysis of the product, price,
place, propagation, people, process, and physical evidence
dimensions of the 7Ps marketing mix.

Product Dimensions
It is necessary for hospital leaders to establish a user-friendly
hospital website based on users’actual needs. A study by Hakim
and Deswindi [28] showed that the functional aspects of hospital
websites are the most significant dimension because customers
want to obtain in-depth information about a hospital’s
organization, facilities, and list of services. Overall, it is
necessary to reduce or categorize the information that has little
relevance for website users; unfortunately, this problem is
commonly found on the home pages of Chinese hospital
websites. For example, Chinese hospital websites usually
provide medical service information in the form of listings of
departments; in contrast, most American hospital websites
provide more detailed information about medical services, such
as diseases, symptoms, departments, surgical operations, and
other related services. This information is more helpful to web
users who know little about their diseases or are not familiar
with the related medical knowledge. For information services,
it is important to strengthen the function of guidance rather than
focusing on display only.

Price and Place Dimensions
With the development of mobile information technology, some
important information services, such as payment and
appointment methods, have been gradually transferred from
websites to mobile terminals (eg, hospital apps and WeChat)
in China. Therefore, customers no longer find it necessary to
access a website to obtain required health information services.
Mobile information technology has brought great convenience
to people’s lives, and its use has become an inevitable trend.
Compared to hospital websites in China, it was found that in
the United States, a better balance is reached between the use
of mobile devices and official websites. How to take advantage
of mobile technology while also building a website that is
valuable to visit has become an important issue that is worthy
of consideration by Chinese hospital leaders.

Propagation Dimension
Culture development in an organization is a complicated and
long-term process; however, one important measure is to clearly
establish the mission of the organization, and this is especially
urgent for Chinese hospital leaders given our findings.
Furthermore, Chinese hospitals should make full use of the
propagation function of their website platforms, whether to
provide information on how to fight the pandemic or to
disseminate public health knowledge. Another notable fact is
that American hospital websites often use patient stories to build
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a positive image of their hospitals. This can readily enhance a
customer’s feelings of trust toward a hospital. However, Chinese
hospitals usually propagate information about the hospitals from
the perspectives of medical staff skills or medical specialty
strengths. As a result, because of information asymmetry
between providers and patients, it is inevitable that certain
obstacles in understanding will be created for ordinary users
and will keep them at a distance.

People Dimension
The largest difference between Chinese and American hospitals
lies in the people dimension, in which Chinese hospitals require
much improvement to reach the level of US hospitals. According
to our findings, Chinese hospitals should enhance their
interactions on their websites with users and attach sufficient
importance to social participation from individuals and other
organizations. In detail, Chinese hospitals need to work more
on feedback regarding hospital services and website visit
experiences, develop volunteer services and social donation
channels on their websites, show more respect to patients by
emphasizing patient privacy protection statements, and attempt
to learn more about patient and family advisory councils to
determine if these organizations could work at Chinese hospitals.

Process Dimension
In the context of this research, the process dimension refers to
the information or functions that are provided by a website to
help users obtain the required information services. We
investigated the situation of interface classification by users,
site searches, and frequently asked questions pages of hospital
websites between China and the United States, and we found
that all of them were less covered on Chinese hospital websites.
Therefore, more attention should be paid to the process
dimension, as it directly reflects user-oriented ideas and is
beneficial for improving website browsing experiences.

Physical Evidence Dimension
Vivid pictures or videos can be used to make websites more
appealing to potential customers, so that they will spend more

time on the websites. Although a few more Chinese hospitals
displayed pictures or videos of the hospital environment
according to our research, it was found that hospital websites
in the United States as a whole are more aesthetic in terms of
their visual design, which is worthy of learning by Chinese
hospital administrators.

Unanswered Questions and Future Research
In this paper, we studied the availability of information services
on Chinese and American hospital websites; however, we did
not investigate which factors could affect the performance of
such websites. It would be interesting to know if there are certain
correlations among some additional factors, such as the
economic development level and population size of different
regions in China and the United States, development level of
informatization, and competition of medical services. This is
worthy of analysis and discussion in further studies.

Conclusions
Overall, hospital websites in China lagged behind their
counterparts in the United States in providing user-oriented
services and information. Most Chinese hospital websites
focused primarily on basic services and information rather than
involving the participation of and communication with the
public. Additionally, culture development and the dissemination
of public health knowledge need to be strengthened on Chinese
hospital websites. Notably, we found that the transfer of basic
services and information to mobile terminals has reduced the
number of visits to hospital websites and may create obstacles
to their further development. Hospital administrators can use
the recommendations with respect to the product, price, place,
propagation, people, process, and physical evidence dimensions
to improve their hospitals’ websites. On the basis of the
comparison of the large hospital websites in China and the
United States, it is critical to develop standard website
construction guidelines for hospitals worldwide.
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Abstract

Background: The predominant implementation paradigm of electronic health record (EHR) systems in low- and middle-income
countries (LMICs) relies on standalone system installations at facilities. This implementation approach exacerbates the digital
divide, with facilities in areas with inadequate electrical and network infrastructure often left behind. Mobile health (mHealth)
technologies have been implemented to extend the reach of digital health, but these systems largely add to the problem of siloed
patient data, with few seamlessly interoperating with the EHR systems that are now scaled nationally in many LMICs. Robust
mHealth applications that effectively extend EHR systems are needed to improve access, improve quality of care, and ameliorate
the digital divide.

Objective: We report on the development and scaled implementation of mUzima, an mHealth extension of the most broadly
deployed EHR system in LMICs (OpenMRS).

Methods: The “Guidelines for reporting of health interventions using mobile phones: mobile (mHealth) evidence reporting
assessment (mERA)” checklist was employed to report on the mUzima application. The World Health Organization (WHO)
Principles for Digital Development framework was used as a secondary reference framework. Details of mUzima’s architecture,
core features, functionalities, and its implementation status are provided to highlight elements that can be adapted in other systems.

Results: mUzima is an open-source, highly configurable Android application with robust features including offline management,
deduplication, relationship management, security, cohort management, and error resolution, among many others. mUzima allows
providers with lower-end Android smartphones (version 4.4 and above) who work remotely to access historical patient data,
collect new data, view media, leverage decision support, conduct store-and-forward teleconsultation, and geolocate clients. The
application is supported by an active community of developers and users, with feature priorities vetted by the community. mUzima
has been implemented nationally in Kenya, is widely used in Rwanda, and is gaining scale in Uganda and Mozambique. It is
disease-agnostic, with current use cases in HIV, cancer, chronic disease, and COVID-19 management, among other conditions.
mUzima meets all WHO’s Principles of Digital Development, and its scaled implementation success has led to its recognition as
a digital global public good and its listing in the WHO Digital Health Atlas.

Conclusions: Greater emphasis should be placed on mHealth applications that robustly extend reach of EHR systems within
resource-limited settings, as opposed to siloed mHealth applications. This is particularly important given that health information
exchange infrastructure is yet to mature in many LMICs. The mUzima application demonstrates how this can be done at scale,
as evidenced by its adoption across multiple countries and for numerous care domains.

(J Med Internet Res 2021;23(12):e26381)   doi:10.2196/26381
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Introduction

Background
Low- and middle-income countries (LMICs) have, over the last
decade, seen an exponential increase in the adoption of digital
health solutions. Among the systems being actively implemented
in these settings are electronic health record (EHR) systems.
These are deployed to largely replace or supplement existing
paper-based records, with the aims of improving quality of
patient care and supporting the monitoring and evaluation of
programs [1-3]. Several LMICs have gone beyond initial pilot
EHR system implementations to large-scale rollout of these
systems in government-run public facilities. Countries like
Kenya, Uganda, Nigeria, and Mozambique now run nationally
endorsed EHR systems that are deployed in hundreds to
thousands of public health facilities across each country [4-7].

In most LMICs, national-level EHR system initiatives have
largely been driven by the need to support HIV care and
treatment, with significant funding coming from donor
organizations such as the U.S. President’s Emergency Plan for
AIDS Relief. EHR systems targeting HIV care largely focus on
the HIV care continuum, which emphasizes (1) finding patients
who are HIV-positive (through active screening approaches),
(2) linking HIV-positive patients to care, (3) ensuring that
patients are on appropriate treatment, and (4) actively following
patients to retain them in care [8-10]. The continuum of care
paradigm is widely applicable for numerous other chronic
diseases and is employed within other EHR systems to support
longitudinal care in LMICs.

Approaches and Gaps in HIV EHR System
Implementations Within LMICs
There are several core functionalities needed within EHR
systems to support longitudinal care, key among them being
the abilities to register patients, review historical patient
information, and collect new data on patients. Features such as
computerized decision support, order entry capabilities, and
electronic prescribing are often incorporated at varying levels
[11]. In many settings, retrospective entry of data is still
employed, though efforts are underway to increase use of EHR
systems at the point of care [12]. Point-of-care EHR systems
still face the challenges of inadequate infrastructure, unreliable
system uptime, cost, busy care settings, and provider discomfort
with real-time entry of data while caring for patients.

The most widely employed modality of EHR system
implementation in LMICs involves standalone EHR system
implementations at individual facilities [13]. This
implementation model entails installation of a local server, local
area network, and end user terminals. The model relies on a
dependable electrical supply and readily available information
technology personnel [14]. Unfortunately, these infrastructure
and personnel requirements are prohibitive in many LMIC
settings, particularly in remote areas—exacerbating the “digital
divide.” Facilities in areas with limited power, internet

connectivity, and technical support are thus less likely to
implement EHR systems [15]. Further, population health
programs and community-based care services occurring outside
of care facilities, such home-based HIV screening, testing, and
patient tracing, are often poorly supported when access to EHR
systems is limited to facilities.

To address some of the challenges and gaps with tethered EHRS
that can only be accessed from within facilities, mobile health
(mHealth) solutions are increasingly being adopted in LMICs
[16,17]. Ideally, these mHealth systems should exchange data
with the predominant EHR system, but a majority do not [18].
Instead, most mHealth systems often collect and transmit data
to their own independent repositories that are separate from
facility-based EHR systems—adding to the problem of siloed
information for patients spread across multiple systems [19].
In the absence of interoperability with facility-based EHR
systems, mHealth solutions cannot receive and display
comprehensive historical patient and treatment information that
are stored in the separate EHR systems, adversely affecting
quality of care. Even when mHealth systems are able to share
data with facility-based EHR systems, there is often lack of
robust deduplication approaches for patient data, causing further
challenges. Other common challenges observed with attempts
to synergize mHealth solutions with facility-based EHR systems
include (1) a lack of robust mechanisms to generate subsets of
patients from EHR systems to be availed on mobile devices that
have limited data storage capacities; (2) inefficient data
synchronization, with mHealth applications requiring a complete
wiping of existing data prior to new updates, resulting in
increased expenses from use of paid internet data known as data
bundles; (3) suboptimal mechanisms for updating or adding
new forms, with some mHealth solutions requiring a new
version of the application to be installed every time new forms
are deployed; and (4) inability to handle forgotten log-in
credentials that are aligned with EHR system credentials when
providers are off-site.

With renewed emphasis on reaching the “last digital mile” while
ensuring health information exchange with existing EHR
systems, mHealth solutions are needed that can seamlessly
interoperate with existing EHR systems in LMICs. This
exchange is needed even in settings where health information
exchange infrastructure is yet to mature [20]. In this paper, we
present one such mobile application, mUzima [21], a
UNICEF-recognized digital global public good [22], as a
demonstration of a successful extension of existing
national-level EHR systems in several LMICs, with the aim of
increasing access and reach of digital technologies for providers
and patients. We report on mUzima’s features and functionality,
guided by the mHealth Evidence Reporting and Assessment
(mERA) guidelines [23] and referencing the World Health
Organization (WHO) Principles for Digital Development
framework [24] where relevant. We also provide real-world
examples of how the mUzima application has been scaled to
support care across several countries and disease domains.
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Methods

The “Guidelines for reporting of health interventions using
mobile phones: mobile (mHealth) evidence reporting assessment
(mERA)” checklist was developed by the WHO mHealth
Technical Evidence Review group to improve
comprehensiveness and standardization of reporting of mHealth
interventions [23]. The guidelines ensure that the reporting
covers the (1) content of the mHealth intervention, (2) context
within which the mHealth intervention is implemented, and (3)
technical features of the intervention. These 3 components are
encapsulated in the mERA checklist of 16 elements, namely (1)
infrastructure (population level), (2) technology platform, (3)
interoperability/health information system (HIS) context, (4)
intervention delivery, (5) intervention content, (6)
usability/content testing, (7) user feedback, (8) access of
individual participants, (9) cost assessment, (10) adoption
inputs/program entry, (11) limitations for delivery at scale, (12)
contextual adaptability, (13) replicability, (14) data security,
(15) compliance with national guidelines or regulatory statutes,
and (16) fidelity of the intervention.

This paper describes in detail each element of the mERA
checklist as relevant to the mUzima application. Special
emphasis is placed on the technology platform (item #2) to
highlight choices made and features of the application that can
serve as a technical reference for readers. As the mUzima
application is developed for a global context, additional
considerations need to be given to its applicability in LMICs.
To this end, we also integrate components of the Principles of
Digital Development by the WHO, using this framework to
further elucidate the various items in the mERA checklist [24].
The Principles are “designed to help integrate best practices
into technology-enabled programs...and are derived from lessons
learned through the use of information and communication
technologies (ICTs) in development projects” [24]. The 9
principles include (1) design with the user; (2) understand the
existing ecosystem; (3) design for scale; (4) build for
sustainability; (5) be data driven; (6) use open standards, open

data, open source, and open innovation; (7) reuse and improve;
(8) address privacy and security; and (9) be collaborative.
Reference to these principles extends the relevance of the
reported work to the larger LMIC and global context.

Results

‘Uzima’ is a Swahili word that means “life”—hence mUzima’s
slogan “Mobile for Life” [21]. It is a provider-facing mHealth
application for use by health care workers for direct patient care.
mUzima has particular relevance to providers working outside
of care facilities and those with unreliable connection to the
EHR system. In the following sections, we provide details of
the mUzima application in line with 16 mERA checklist items.

Item 1: Infrastructure
mUzima is a robust and adaptable Android-based mHealth
platform that can seamlessly interoperate with the OpenMRS
EHR system (Figure 1) [25,26]. The OpenMRS EHR system
was chosen for the mHealth extension, as it is the most widely
endorsed EHR system for national use by Ministries of Health
(MoHs) across numerous LMICs. OpenMRS is currently in use
in over 40 countries, with national deployments for HIV and
tuberculosis care in Kenya, Mozambique, Nigeria, and Uganda,
among others [27]. The hardware requirements for mUzima
include an Android smartphone device and an OpenMRS EHR
system instance. In Africa, over 85% of smartphones use the
Android operating system [28]. mUzima was developed to work
with Android versions 4.4 and above, as low-end Android
smartphones predominate in LMICs. mUzima has robust offline
functionality to address limited internet connectivity in many
LMICs, allowing for health providers using mUzima to care for
patients even when disconnected from the EHR system server.
These infrastructure considerations align with the Digital
Development Principles of “Understanding the Existing
Ecosystem” by recognizing that power and internet connectivity
challenges exist in the LMIC settings where mUzima is intended
for use and that low-end Android smartphones predominate in
these settings.

Figure 1. Interaction between mUzima and the OpenMRS electronic health record (EHR) system.
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Item 2: Technology Platform

Overview
mUzima was developed as an open-source application under
the Mozilla Public License 2.0 license [29]. The application has

a modular architecture that lends it a strength of simplicity while
ensuring full functionalities of the installed modules. mUzima
uses a stacked framework consisting largely of 3 layers (Figure
2), namely the (1) Search Application Programming Interface
(API), (2) mUzima API, and (3) mUzima Android.

Figure 2. Architecture of the mUzima mobile health (mHealth) application. API: application programming interface; REST: representational state
transfer.

The Search API provides encrypted data storage based on a
robust and flexible data model. This API utilizes Lucene, a
Java-based, open-source, searching engine library, for indexing
and searching [30]. Within the Search API are the service layer
and a dependency injection layer using Guice [31] and the
Indexer document repository [32]. Connection between mUzima
and the EHR system server occurs using a representational state
transfer (REST) API [33].

The mUzima API includes the business logic layer of the
platform, exposing the underlying Lucene repository to a robust
front-end application (mUzima Android) while hiding the
complexity of the underlying repository to the developer. This
layer can be easily used to expose the mUzima data model to
any system integrating with mUzima.

mUzima Android is the Android application package (APK)
with which users interact, oblivious of the other 2 underlying
stack layers. mUzima Android supports user interface activities
and uses the underlying mUzima API to store and retrieve data
resources from the phone’s local repository and to upload and
download data from the remote EHR system server. The APK
is structured into the following main components: (1) models

comprised of objects that encapsulate data and logic for
resources specific to Android. Some of the objects extend
mUzima API models and add logic specific to usage in the
Android application and (2) controllers for each type of resource.
The controllers act as coordinators within the Android app and
between the Android app and mUzima API. Controllers are
commonly used to request various actions related to objects,
such as sending to storage, retrieval from storage, searching,
counting, uploading, and downloading; (3) services, which
are components used to handle requests for repetitive and
potentially long-running operations; and (4) views, which are
the implementation of the mUzima user interface.

mUzima Server-Side Module
mUzima has a server-side module created within the OpenMRS
EHR system that has REST endpoints enabling linkage of
OpenMRS instances to the mUzima mobile application (Figure
3 and Multimedia Appendix 1). Key features of the mUzima
server-side module include (1) the set-up configuration and (2)
error resolution mechanisms. The server-side setup configuration
features are used to define care programs. To this end, the setup
configuration has provisions for defining patient lists or cohorts,
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forms, historical data, providers, and locations to be included
in each care program (Multimedia Appendix 1). The server side
also offers the ability to define multiple settings that will be
applied onto all mUzima instances on mobile devices, removing
the labor-intensive need of having to configure individual
settings within each mobile device. The error resolution
mechanism on the server side allows nondevelopers to manage
forms submitted to the server that are identified as having errors
(Multimedia Appendix 2). Errors are typically encountered

when information on clients registered offline are synchronized
onto the server and are found to be duplicates once
patient-matching is run on the server. The ability to resolve
errors on submitted data without the need for programming
expertise or access to the server’s backend makes mUzima
highly usable and scalable in remote facilities, which often lack
personnel to offer advanced technical support. The error
resolution module also handles queuing and processing of data
submitted into OpenMRS from mUzima.

Figure 3. Components of the mUzima server-side module.

mUzima Mobile Application
Access to the mUzima mobile application requires a username
and password, which are initially authenticated against the EHR
system. This access times out automatically if the user is idle
for a predefined period of time. Once logged in, users have
access to the mUzima mHealth application landing page, which
can be defaulted to display key menu options of cohorts, forms,
clients, and notifications (Figure 4A). Alternatively, the landing

page can be configured to display lists of clients available on
the device (Figure 4B). mUzima users are able to find clients
by scrolling through the client list, by searching via names and
IDs, or by using the barcode scanning feature. Partial matching
of names is available against both the local Lucene-based
database that provides fast search capabilities [28] and the linked
OpenMRS instance via its RESTful API. Further details of
specific mUzima features are outlined in the Item 4 and Item 5
sections that follow.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e26381 | p.883https://www.jmir.org/2021/12/e26381
(page number not for citation purposes)

Were et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 4. mUzima features: (A) menu options, (B) client list, (C) options under client, (D) historical data, (E) form entry with decision support, (F)
geolocation.

Item 3: Interoperability and Health Information
System (HIS) Context
mUzima serves as an HIS for collecting primary health data,
which are then exchanged with the associated EHR system.
Health information exchange between mUzima and OpenMRS
is achieved through use of the same concept dictionary terms,
locations, providers, and patient identifiers that are common
between the 2 systems. The REST API is used to connect
mUzima to OpenMRS for bidirectional data exchange (Figure
1) [33]. This multifaceted approach for direct system-to-system
exchange has been adopted to overcome the lagging
implementation of robust health information exchange mediators
and mechanisms in many LMICs. To facilitate future integration
and health information exchange with other systems, several
fast health care interoperability resources (FHIR) such as patient,
provider, and observation FHIR are being developed for mUzima
[34].

Item 4: Intervention Delivery
The WHO, in its “Recommendations on digital interventions
for health system strengthening,” strongly advocates that
“recommended interventions should be accessible via mobile
devices at a minimum” [35]. mUzima is primarily for use by
health providers through smartphones that are often owned by
the care program. Access to mUzima is on-demand when the
provider logs in with the relevant credentials. The providers use

mUzima to access cohorts and historical data on patients under
their care, as well as to capture new data on patients. Significant
time and effort were expended to ensure that mUzima can
auto-update changes in cohort membership, forms, and historical
data elements (ie, managing delta), without the need to
re-download data that had previously been downloaded onto
the mobile device. This allows for seamless update of content
to the mobile device through mUzima’s synchronization
mechanism with OpenMRS.

Item 5: Intervention Content
Over half of the recommended digital interventions by the WHO
pertain to mobile-based EHR solutions and include “digital
tracking of clients’health status combined with decision support;
targeted client communication; digital provision of educational
and training content to health workers; provider-to-provider
telemedicine; and client-to-provider telemedicine” [35]. mUzima
satisfies all of the WHO mobile-based EHR system
recommendations. Core features currently available within the
mUzima application are described in the following sections.

Cohort Management
Given limitations on storage size within mobile devices,
approaches are needed that limit the amount of data downloaded
onto devices. This means downloading only the relevant subset
of patients and their corresponding data to the mobile device.
mUzima features the ability to define cohorts of patients using
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SQL. Cohorts can be as simple as a list of individuals with a
particular disease (eg, diabetes) or can be more complicated,
such as “diabetic patients with kidney disease plus poorly
controlled blood sugar and who are noncompliant with their
medications.” mUzima has functionality that allows for
membership within a cohort to remain “static” (ie, never change
after the initial run) or to be dynamic (allowing for automatic
addition or removal of members over time, based on whether
they still meet the cohort criteria).

Programs
A program within mUzima is used to consolidate all features in
the mHealth application that are needed to take care of a group
of patients. Programs can be disease-specific or based on
cohorts. mUzima provides the ability to configure all details for
programs using the set-up configuration feature on the server
side (see the mUzima Server-Side Module section). Programs
contain (1) lists of clients from one or more cohorts, (2) details
of relevant historical data elements to be downloaded onto the
device for these clients, (3) program-specific forms to be
completed for clients, (4) an optional list of locations and
providers that serve the program, and (5) settings that can be
predefined for end users. Program functionality enables mUzima
to be highly configurable and disease-agnostic, allowing the
application to serve multiple clinical scenarios and domains.
Further, programs integrate workflow features, such as
sequential filling of forms, to support care processes. The ability
to easily configure elements for programs ensures needed
optimization of mobile device setup and also reduces the cost
and time of data transmission and downloads.

Historical Data
Through its connection with an EHR system, mUzima has the
ability to download a subset of historical data on patients that
are predefined as part of a program. Beyond program-defined
historical data to be downloaded, users of the mUzima
application have the option to include additional historical data
or remove any or all of the predefined historical data, based on
their individual preferences. The historical data downloaded
through mUzima can come from any source that saves data to
the EHR system, including laboratory and pharmacy systems,
ensuring that providers using mUzima have the complete clinical
picture of a patient’s data. This contrasts with numerous
mHealth applications that only display historical data originally
collected through that application and not from any other sources
or those that are used as simple data collection tools, with no
ability to display any historical information. Within mUzima,
the historical data can be viewed by data type, date, or clinical
encounter type (Figure 4D).

Data Capture Mechanisms
mUzima allows flexibility in data collection, with forms created
to capture elements based on the same concept dictionary terms
and other patient attributes (eg, demographics) shared with the
EHR system. HTML5 is used to describe each form, enabling
form development with little programming experience. mUzima
forms can accommodate all data types, such as text, numeric,

float, Boolean, and dates, and can support numerous media
types. The application can also capture individual data elements
(eg, individual test results), without relying on a form. As
needed, mUzima forms can incorporate data validation,
branching logic, rule-based decision support, and multimedia
items (Figure 4E). Data captured within forms can be saved as
complete or as draft for future completion. A configurable
autosave feature also exists to ensure that data collected in forms
are not inadvertently lost.

Forms are automatically downloaded into the mobile application
based on their inclusion within a program, but mobile device
users can easily add or remove individual forms as per the user’s
preferences. With mUzima, there is no need to install a new
version of the application every time new forms or form updates
are available. Further, the mUzima form update mechanism is
optimized to ensure that no data collected in older forms within
the mobile application are lost during the form update process.

Registration and Patient Matching
Registration forms within mUzima rely on the form features.
Prior to registering any new client, the application runs a
probabilistic patient-matching algorithm to ensure that duplicate
patients are not created. When no patient matches are found on
the mobile device, mUzima runs a match against the server if
there is connectivity. In settings where the device is offline and
new individuals still need to be registered offline, the mUzima
server-side module provides functionality to first match the new
registration against existing EHR records once the registration
information is uploaded to the server. If duplicates are found,
functionality exists to merge the patient’s records.

Geolocation Services
Patient tracing is a core component of community-based care,
especially in areas without reliable address systems. Geolocation
functionality within mUzima can help in finding patients within
communities (Figure 4G). mUzima provides the ability to add
and edit the GPS locations for individuals and employs
navigation functionality to help locate patients. Functionality
also exists to automatically capture the location where a clinical
form is completed, should the program decide to enable this
feature.

Relationship Support
The relationships feature captures the nature of relationships of
various individuals with the reference client. Relationships are
particularly relevant for contact tracing in the age of COVID-19
and for HIV index case testing services. In both cases,
individuals related to or who have contact with the index case
need to be traced for testing and follow-up. mUzima supports
capturing information on the nature of the relationship between
2 individuals and collection of data on the related individual
(Multimedia Appendix 3).

Table 1 summarizes key features within the mUzima application,
highlighting often-overlooked elements in developing
configurable and scalable mHealth applications for use in
LMICs [36].
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Table 1. mUzima features.

DescriptionFeature

mUzima was designed to be the mHealthb extension to a largely deployed EHR system (OpenMRS) to prevent siloed
data collected within mUzima. OpenMRS is deployed nationally in several countries.

EHRa system compatibility

Security features in mUzima include password-based log-in, data encryption, secure data transmission, timed user logouts,
and a password-changing mechanism within limited connectivity settings.

Security

mUzima is easily customizable to support any clinical use case, both within and outside of clinical facilities.Multiple use cases

mUzima uses easy-to-develop, web-based forms to collect data (including by providers off-site) that are securely
transmitted and stored in an EHR system, as opposed to a siloed server

Data collection tools

mUzima functions smoothly in both online and offline modes. This allows for data collection and review, even when
the mobile device is offline.

Offline capabilities

mUzima prevents duplicate form data entry on mobile devices and resolves errors in the EHR system during data pro-
cessing.

Error resolution

mUzima enables easy download and update of new forms onto the app without the need to re-install or restart the app.
Form default text sizes are configurable, with the ability to magnify forms during use.

Form management

mUzima allows for the management of different patient or client groups on a mobile device.Cohort management

mUzima provides localization support for use in various languages. The full application is also currently available in 6
languages: English, Portuguese, French, Swahili, Gujarati, and Hindi.

Multiple languages

mUzima is shipped on 2 themes as of v2.5.0, including a dark theme (white on black) and light theme (black on white)Multiple themes

In the health care space, a relationship is used to pair or associate 2 people whose care may be interlinked. mUzima
supports recording of relationships (Multimedia Appendix 3).

Relationships

mUzima can easily capture and record patient GPS coordinates and provides navigation services to support tracing of
clients (Multimedia Appendix 4).

Geomapping

mUzima utilizes the OpenMRS Reporting Module to design and generate HTML reports that are then rendered on the
app, providing comprehensive abstracts for each patient (Multimedia Appendix 4).

Clinical summary or ab-
stracts

aEHR: electronic health record.
bmHealth: mobile health.

Items 6: Usability and Content Testing
In line with the Digital Development Principles of “Building
for Sustainability” and “Be Collaborative,” mUzima relies on
a community of developers and implementers for content and
user acceptance testing. As of February 2021, the mUzima
community had 112 members, with a total of 31 unique
contributors to the mUzima codebase. This community has made
over 3800 contributions or commits to the codebase. Over 250
individuals have used, contributed, or reviewed mUzima
documentation through mUzima’s Wiki platform [37], and more
than 190 have contributed in the mUzima discussion forums
[38]. The community is made up of stakeholders supported
through various funded projects and agencies.

User testing for mUzima is conducted by a core team, as well
as by community members prior to any mUzima release. Each
feature in an mUzima release is documented as a JIRA ticket
[39,40]. These tickets are used to track testing findings, with
changes made based on feedback received. Final acceptance
testing is conducted prior to deploying a new version of the
application. Multimedia Appendix 5 provides a screenshot of
release testing for a ticket in mUzima version 2.7.0, with details
of testing status for each ticket in this version shared in a
publicly available release plan [40].

Item 7: User Feedback
A user-centered design approach is employed in developing
core mUzima functionality and features and in adapting the
application for various use cases. An engaged Implementer
Community provides suggestions for features, as well as
feedback on developed application components and content.
This feedback is primarily gathered via weekly community calls
and through the mUzima forum [38]. Additional user inputs are
gathered through reviews of the application using the feedback
mechanism in Google Play Store, where mUzima has thousands
of downloads and a 5-star rating [41].

Item 8: Access by Individual Participants
mUzima increases access to clinical data for providers who work
outside of care facilities and in settings disconnected from the
EHR system server. It is a provider-facing application and not
available for direct use by patients. The application can leverage
both WiFi-based or phone-based data bundles for data
transmission. As an Android application, mUzima is not
available to health providers who do not have Android
smartphones and has limited utility to providers who are illiterate
or unfamiliar with using smartphones. To use mUzima, providers
need to have credentials to access an OpenMRS EHR instance,
and this will limit utility of mUzima for those without such
access or those using other EHR systems.
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Item 9: Cost Assessment
A formal cost assessment has yet to be done on mUzima.
Although mUzima is available free of charge to users, there are
still several associated costs to implement it. Key costs include
customization costs that involve creating relevant forms for a
program; development of queries that define cohorts of patients;
smartphone purchase; costs associated with hosting an
OpenMRS instance (if one does not exist); connectivity costs
to the server through WiFi or Internet; and costs of personnel
to support users, maintain infrastructure, and conduct training.
Comparatively, in instances where care is conducted outside of
facilities, mUzima implementation should be cheaper than using
laptops equipped with OpenMRS—given the higher cost
associated with laptops and managing multiple OpenMRS
instances. Although paper-based systems have historically been
used to support care in LMICs, they have recurrent costs given
that pieces of paper can only be used once to record data, and
there are personnel costs associated with retrospective entry of
data collected on paper into the EHR system [42]

Item 10: Adoption Inputs and Program Entry
mUzima is freely available on the Google Play Store [41], with
all changes and enhancements in any new version shared broadly
via multiple channels, as well as fully documented in the
collaborative wiki space [37]. Within the wiki space are
documents on setting up the system, as well as training
materials. Multiple introductory and educational videos on
mUzima are also available through the mUzima YouTube
channel [43]. mUzima training often involves technical
personnel as well as training of end user providers. Technical
team members, comprised of developers and implementing
information technology personnel, often need to understand
how to customize mUzima and to set up the server and
smartphone devices for use. The technical team training is

largely hands-on, with the mUzima community forums and
weekly meetings available for answering questions from
community members. End users are often trained by the
technical team members from their organization. These trainings
typically cover core mUzima features and also the customized
elements relevant to that program. For most end users, training
on mUzima typically takes 1 to 2 days. Refresher trainings are
available especially when there are upgrades to the application.

Item 11: Limitations for Delivery at Scale
The Digital Development Principle “Design for scale” is highly
relevant to mUzima. Scalability was considered at the outset,
allowing for the system to support any type of clinical condition,
various workflows, and multiple versions of both OpenMRS
and Android. Load testing is a core part of all mUzima version
releases to ensure that mUzima works with larger patient
populations and data needs. mUzima’s ability to scale is
evidenced by its successful large-scale adoption across multiple
clinical settings and countries (Table 2). As a testament of its
scalability and implementation success, mUzima has been
recognized as a digital global public good since 2019 [22] and
is listed as a global project in the WHO “Digital Health Atlas”
[44].

Despite having scaled to national levels, further expansion of
mUzima is limited by the fact that it only currently extends 1
EHR system, OpenMRS. mUzima’s FHIR resources are under
development to allow seamless health information exchange
with other FHIR-compliant systems [34]. Customization of
mUzima requires knowledge of form programming using HTML
and basic knowledge on creating cohorts and queries within
OpenMRS—both of which can limit scaling of mUzima
implementations. Further, as a native Android application,
mUzima will not work with smartphones that run on different
operating systems.

Table 2. Large-scale mUzima implementations.

DescriptionType of implementation

mUzima is nationally endorsed and implemented by the Kenya Ministry of Health (MoH) to support HIV testing and
screening (HTS) [45]. In Kenya, the application is in use at over 220 public facilities, with more than 1000 providers
using it on any given workday. To date, over 500,000 HTS visits have been conducted in Kenya using mUzima. In ad-
dition, mUzima is in use in Zambezia province in Mozambique for defaulter and lost-to-follow-up tracing and for pre-
ventative visits (Multimedia Appendix 6). The application has also been adapted for national rollout in support of HIV
patient tracing activities in Uganda.

HIV care

Partners in Health Rwanda, working closely with the Rwanda MoH and the Clinton Health Access Initiative, are using
mUzima for cervical and breast cancer screening and referral. Currently implemented in 3 districts, the mUzima appli-
cation has already been used to support data collection during screening of more than 4000 patients for breast and cer-
vical cancer at 39 facilities. The goal is to extend mUzima application use to 15 districts in Rwanda.

Cancer care

mUzima is in use at more than 70 facilities in Kenya as part of a task-shifting program to support CDM, including hy-
pertension and diabetes care. Unlike other implementations that use mUzima in communities, these CDM implementations
use mUzima at dispensaries and within other facilities across 6 counties (Uasin Gishu, Bungoma, Trans-Nzoia, Nandi,
Kisumu, and Busia). To date, over 350 providers have used mUzima to record CDM encounters in more than 100,000
visits. The CDM program incorporates robust decision support features based on alerts and reminders, as well as edu-
cational media with a personalized display based on patient-specific data (Figure 4E).

Chronic disease manage-
ment (CDM)

At the request of Kenya’s MoH, mUzima was adapted to support COVID-19 care, including screening, contact tracing,
testing, and symptom monitoring. The COVID-19 forms used are based on guidelines provided by the World Health
Organization (WHO) and use standard terms based on the Columbia International eHealth Laboratory (CIEL) dictionary
[46]. The mUzima COVID-19 application leverages relationship and geomapping features for contact tracing and is
available for adaptation beyond Kenya (Multimedia Appendix 7). mUzima is also in use by the MoH in Rwanda for
COVID-19 management.

COVID-19
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Item 12: Contextual Adaptability
mUzima has been used across various health domains (Table
2), with most use in primary contexts that have limited internet
connectivity, especially in Sub-Saharan Africa. mUzima
provides localization support for use in various languages and
is currently available in 6 languages, namely English,
Portuguese, French, Swahili, Gujarati, and Hindi. The
application comes with multiple configurable settings that are
not hard coded into the application. Examples of configurable
settings include whether to capture GPS location of activity,
default font size, auto-synchronization feature, time setting for
automatic time-outs, form auto-save time interval, among other
features. Forms, cohorts, and clinical observations within the
application can be customized without any need for
reprogramming.

Item 13: Replicability
Content related to mUzima is organized in the application’s
website that highlights key application features and provides a
demonstration instance for those interested in exploring the
application [21]. This website provides links to all other
mUzima-related resources and documentation. Detailed
documentation on mUzima is available on the wiki page and
includes user guides, technical documentation, and
implementation guides, among others [37]. Multimedia content
such as demonstration videos is also available on the mUzima
YouTube channel [43]. mUzima code is shared via GitHub [47],
and as of February 2021, there had been 650 pull requests and
over 120 forks to the mUzima code.

Item 14: Data Security
mUzima is developed to enable the primary clinical
implementing partners to remain full custodians of all data
collected and transmitted to OpenMRS through mUzima. As
such, identifiable patient information is only accessible to those
given access through the EHR system. In line with the Principle
for Digital Development to “Address privacy and security,” the
mUzima application has incorporated several security features.
Access to the mUzima is done through a username and password
validated initially with the EHR system. Users who forget their
password have to be re-authenticated within the EHR system
by an administrator. mUzima contains a feature for automatic
time-outs where users are logged out after a program-defined
period of inactivity. Bidirectional exchange of data between
mUzima and the EHR system is secured through use of an
https protocol. All mUzima-related data are stored in an
encrypted format in the mobile device.

Item 15: Compliance With National Guidelines or
Regulatory Statutes
Implementations using mUzima have full control of locations
of servers where patient data from mUzima are stored. It is
advocated that these implementations comply with data
residency guidelines and laws for the country of operation.
Organizations that opt to use mUzima are advised to contact
relevant statutory bodies within countries that oversee mHealth
applications. mUzima allows users to configure forms, patient
identifiers, and concept dictionary terms to be used in each
implementation. Compliance with national guidelines for these

items is thus at the discretion of the implementers but is highly
advocated. Forms and data elements can be easily developed
to align with approved forms in countries and using any national
dictionary should one be available. As an example,
implementations in Kenya leverage the standards-based
Columbia International eHealth Laboratory (CIEL) concept
dictionary [46].

Item 16: Fidelity of the Intervention
Performance of the mUzima application is gathered using the
Firebase Crashlystics plugin [48]. These performance metrics
indicate that it takes <5 seconds for the application to launch
and <1 second to upload each completed form payload to the
OpenMRS EHR system from within mUzima. Over the most
recent 3-month period (December 2020 to February 2021), the
percentage of mUzima users without crashes in any of their
usage sessions was 92.88%. mUzima also uses Firebase
Crashlystics to monitor locations where mUzima has been used
over a period of time, as well as high-level details of the users,
broken down by user-provided gender and age (Multimedia
Appendix 8). For individualized and detailed usage statistics,
mUzima has also been programmed to collect paradata through
logs of key components of the application while it is in use.
Although performance and workflow analytics can be conducted
on the logged paradata, there is a need to create a user-friendly
and personalized dashboard highlighting a user’s work
performance on mUzima that can be availed to support decision
making around work patterns.

Discussion

Although EHR and mHealth solutions have been widely
embraced in LMICs, there is often lack of seamless data
exchange between widely deployed EHR systems and these
mHealth solutions. To our knowledge, this is one of the only
descriptions of a robust extension of a widely used EHR system
in LMICs. Most other widely deployed mHealth applications
primarily save data to their own servers and have challenges
integrating with existing EHR systems. It will be several years
before all LMICs have effective interoperability and health
information exchange infrastructure [49,50]. In the meantime,
a paradigm that advocates for comprehensive mobile extensions
to existing EHR systems will help to reduce the widening digital
divide that adversely impacts resource-limited settings.

For mHealth applications to be effective and scalable within
resource-limited settings, they have to build on lessons learned
in implementation and development over the years [16,19,35].
Integration of mHealth applications with EHR systems uncovers
new challenges that deserve attention. In particular, challenges
emerge around best approaches to manage user credentials
across 2 systems and in disconnected settings, appropriate
delivery of subsets of EHR system data to mobile devices that
have limited storage, management of ever-changing cohort sizes
and patient-level data while ensuring data transmission costs
are contained, and development of tethered mHealth solutions
that can adapt to multiple use cases without the need to
reprogram the application.
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The mUzima team is currently broadening its support for
implementations within various countries to ensure
responsiveness to needs. As countries mature with regard to
health information exchange, the mUzima team has started
implementing FHIR, starting with patient, person, encounter,
and observation FHIR [34]. The application user interface is
undergoing redesign and revamping with input from users. The
aim is primarily to enhance the user experience and to ensure
that key features are more easily accessible to users through the
interface. The mUzima team is in the process of adding secure
messaging and communication features and incorporating a
more robust teleconsultation feature, beyond the
store-and-forward teleconsultation functionality already
incorporated in the application. Finally, the application’s
modularization feature is being revamped to enable easier
incorporation of additional plug-ins to mUzima. The mUzima
data analytics team is also working on reusable paradata
analytics and visualization to provide needed information on
provider work performance and engagement with the application
[51].

Evaluation is important for any health information system.
Usability and feasibility of mUzima have previously been
assessed in an implementation to support nurses in managing
hypertensive patients [52]. Ongoing mUzima evaluations include
(1) evaluation of patient-specific, phone-generated reminders
through mUzima for hypertension care in Kenya; (2) evaluating
use of mUzima-facilitated monitoring of health worker
performance in Western Kenya using logged paradata; and (3)
evaluation of the mUzima mobile application for patient tracing
and preventive visits in Mozambique. Priorities for future
evaluations should include comprehensive assessment of costs
and benefits of using the mUzima application.

In conclusion, greater emphasis needs to be placed on mHealth
applications that extend reach of EHR systems within
resource-limited settings to reduce the digital divide that has
emerged with use of standalone EHR systems or mHealth
applications. mUzima demonstrates how this can be done at
scale, with evident adoption across countries and for various
types of care programs.
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Multimedia Appendix 5
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Abstract

Background: The short form, 17-item version of the Pediatric Symptom Checklist-Youth Self-Report (PSC-17-Y) is a validated
measure that assesses psychosocial problems overall (OVR) and in 3 major psychopathological domains (internalizing, externalizing,
and attention-deficit/hyperactivity disorder), taking 5-10 min to complete. Prior research has established sound psychometric
properties of the PSC-17-Y for English speakers.

Objective: This study extends psychometric evidence for the acceptability of the PSC-17-Y in a large sample of Spanish
adolescents, providing proof of its reliability and structure, convergent and discriminant validity, and longitudinal and gender
invariance.

Methods: Data were collected on 5430 adolescents, aged 12-18 years, who filled out the PSC-17-Y twice during 2018-2019
(7-month interval). We calculated the Cronbach alpha and the McDonald omega coefficients to test reliability, the Pearson
correlation for convergent (distress) and criterion validity (well-being, quality of life, and socioemotional skills), confirmatory
factor analysis (CFA) for structure validity, and multigroup and longitudinal measurement invariance analysis for longitudinal
and gender stability.

Results: Within structural analysis for the PSC-17-Y, CFA supported a correlated 3-factor solution, which was also invariant
longitudinally and across gender. All 3 subscales showed evidence of reliability, with coefficients near or above .70. Moreover,
scores of PSC-17-Y subscales were positively related with convergent measures and negatively related with criterion measures.
Normative data for the PSC-17-Y are presented in the form of percentiles (75th and 90th).

Conclusions: This work provides the first evidence of the reliability and validity of the Spanish version of the PSC-17-Y
administered over the internet to assess mental health problems among adolescents, maintaining the same domains as the long
version.

(J Med Internet Res 2021;23(12):e31127)   doi:10.2196/31127
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Introduction

According to Polanczyk et al [1], the most common mental
health disorders among children and adolescents include anxiety
or depression, behavioral disorders, and
attention-deficit/hyperactivity disorder (ADHD). Emotional
and behavioral symptoms at the subclinical level raise the risk
of subsequent development of mental disorders [2]. Moreover,
the COVID-19 pandemic has provoked a considerable increase
in mental health problems among children and adolescents [3-5].

National and international policies and strategies globally
recommend that young people attending primary care should
be routinely screened for psychosocial problems [6]. Despite
this, such screening occurs in less than 50% of primary care
visits of adolescents, meaning that more than half of adolescent
mental health problems go undetected [7,8]. Although several
screening tools exist for psychosocial problems in young people,
most cover a single domain [9] and can be time consuming to
administer and interpret [10]. Primary care clinicians can often
be unsure of which screening tools are appropriate for their
clinical context. In addition, many tools rely on the provider
having the skills, knowledge, expertise, and experience to initiate
screening, interpret results, and provide appropriate interventions
[8]. Providers often describe a lack of resources in terms of the
availability of time, appropriate tools, training, and experience
in youth health [11].

A recent review of “Self-Report Rating Scales to Guide
Measurement-Based Care in Child and Adolescent Psychiatry”
[12] highlights that the Pediatric Symptom Checklist (PSC) is
1 of the most widely used measures to screen psychosocial
problems in primary care units and school settings. This
statement is supported for all parent and youth reports and for
long and short forms (parent- and youth-reported long form
[PSC-35]; parent- and youth-reported short form [PSC-17])
[13-23].

The short form, 17-item version of the PSC-Y (PSC-17-Y) [16]
is used to assess self-reported general psychosocial functioning
among youth above 11 years old, taking only 5-10 min to be
completed, and is statistically equivalent to the short form of
the parent version (PSC-17) [16] and to the longer youth report
form (PSC-35-Y [19-21]).

Three studies of the parent report PSC-17 (Gardner et al [16,17]
and Murphy et al [18]) have confirmed the existence of the 3
original subscales for internalizing (INT) symptoms,
externalizing (EXT) symptoms, and ADHD symptoms (ATT)
and provided evidence of the reliability of the overall (OVR)
scale. Two studies with the youth-reported short form have been
published. On the one hand, Bergman et al [22] found that the
PSC-17-Y is equivalent to the parent-reported form of the
PSC-17, indicating that a 3-factor short form with 17 items
meets the criteria for scalar invariance across gender. On the
other hand, Parker et al [23] examined the screening validity of
the PSC-17-Y in a child welfare population. Youth with any

lifetime mental health diagnosis scored significantly higher on
the PSC ATT and INT subscales. The ATT, INT, and OVR
subscale scores were significantly correlated with psychosis,
depression, and anxiety disorder scores. ADHD was associated
with ATT, OVR, and EXT scores. Only bipolar disorder was
weakly associated with PSC subscale scores (EXT and OVR).
This study provides support for the convergent and discriminant
validity of the PSC-17-Y.

Despite PSC-17-Y’s potential, however, there is limited
evidence of some of its relevant psychometric properties (eg,
longitudinal measurement invariance and other reliability
coefficients different from the Cronbach alpha [α]), and to the
best of our knowledge from the scientific literature review, none
of these psychometric analyses are in languages other than
English (ie, none on Spanish populations).

Thus, this work aimed to extend the psychometric evidence for
the acceptability of the PSC-17-Y in a large sample of Spanish
adolescents, providing different sources of reliability and
validity. This research could facilitate the use of the PSC -17-Y
in more contexts and for more possible applications in youth
mental health settings. Overall, we expected that the PSC-17-Y
would show that it is a valid and reliable ultrabrief screening
measure that can be administered over the internet to detect
mental health problems in Spanish adolescents.

Methods

Sample
The final sample consisted of 5430 adolescents (2769 [51%]
females) at time 0 and 2117 (1109 [52.4%] females) at time 1
(approximately 7 months later). The participants were enrolled
in Spanish secondary education grades, equivalent to US middle
and high school, from grades 7 (12-13 years) to 12 (17-18 years).
The average age of the sample at time 0 was 14.17 years (SD
1.50) and of the sample that participated at time 0 and time 1
was 13.99 years (SD 1.39).

Measures

PSC-17-Y
The PSC-17-Y [16] consists of 17 items and 3 factors to assess
3 types of problems: INT symptoms (ie, depression and anxiety),
EXT symptoms (ie, disruptive behavior), and ATT, as well as
an OVR score. The Spanish version of the PSC-17-Y was
developed in accordance with the guidelines of the International
Test Commission [24], using an iterative translation method
that began with several independent translations. The item
translations were then reviewed by a joint committee comprising
translators with knowledge of the Spanish language and culture
and specialists in the field of assessment who analyzed the
adequacy of the adapted version. To be sure that adolescents
properly understood all items, interviews asking about the
comprehension of the items were conducted. In addition, in
2018, we had conversations with colleagues who had worked
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on the translation of the PSC for parents in Chile [25,26] in
order to obtain an adequate cross-cultural adaptation into the
European Spanish language of the PSC-17-Y.

Social-Emotional Distress Survey-Secondary
The Social-Emotional Distress Survey-Secondary (SEDS-S)
[27] is a 10-item behavioral screening questionnaire designed
to measure INT distress. The reliability of the 1-factor total
scale was α=.91. In their study, Dowdy et al [27] found a
significant positive association of the SEDS-S distress factor
with symptoms of anxiety and depression and a significant
negative association with life satisfaction and strength scores.

Mental Health Continuum-Short Form
The Mental Health Continuum-Short Form (MHC-SF) [28] is
the reduced version of the MHC Long Form. This measure
provides self-reported well-being, divided into 3 subfactors:
psychological (6 items), emotional (3 items) and social
well-being (5 items). In this study, we used the Spanish version
of the MHC-SF recently adapted by our team. The MHC-SF
has received psychometric support for use with adolescents
across many different countries, including Spain [29,30],
showing excellent internal consistency (Cronbach α>.80) and
discriminant validity in adolescents.

KIDSCREEN-10 Index
The KIDSCREEN-10 Index [30] is a unidimensional scale that
measures health-related quality of life (HRQoL) in healthy and
chronically ill children and adolescents. It was developed to
specifically identify children at risk in terms of subjective health
and suggest appropriate early interventions. The instrument
provides an overall HRQoL index covering the physical,
psychological, and social facets of the HRQoL. Internal
consistency values (Cronbach α) reach .82, and test-retest
reliability within 2 weeks reaches .55 [31].

Social-Emotional Health Survey-Secondary
The Social-Emotional Health Survey-Secondary (SEHS-S) [32]
was developed to measure the components of the covitality
latent construct among youth. We used the Spanish version of
the SEHS-S, which is appropriate for adolescents aged 12-18
years [33]. The SEHS-S includes 36 items for the assessment
of core psychosocial assets based on a higher-order model
comprising 12 first-order, grouped into 4 second-order, latent
traits (3 each) and a higher-order general factor (covitality). The
first domain, called belief-in-self, measures self-efficacy,
self-awareness, and persistence. The domain belief-in-others
comprises school support, peer support, and family support.
The domain emotional competence considers emotion
regulation, empathy, and behavioral self-control. Engaged living,
which is the final domain, comprises 3 subscales: gratitude,
zest, and optimism.

Procedure
This research used a non-experimental, transversal/longitudinal,
quantitative, and descriptive-correlational design [34,35]. The
UMH Project Evaluation Committee approved the study
(reference no. DPS.JPR.02.17). Once the project was approved,
quota sampling was carried out in 2 areas of southeastern Spain:
the province of Alicante (PA) belonging to the Valencian

Community, and the Autonomous Community of the Region
of Murcia (RM), making a random selection of secondary
schools based on ownership (public/nonpublic schools) and
regional geographical areas (9 areas in PA and 21 in RM). After
100 schools were contacted, 13 from PA and 21 from RM agreed
to participate, resulting in a total of 34 secondary schools (22
[65.2%] public and 12 [34.8%] nonpublic schools; 30 [87%]
secular and 4 [13%] catholic schools).

Once the schools agreed to participate, signed informed consent
was requested in writing from the parents/legal guardians of
the adolescent participants and from the adolescents themselves,
accepting participation in the research. The data collection was
carried out in the schools and supervised by the research staff
in person. The self-reporting assessment protocol was
individually applied through the online survey tool LimeSurvey
(LimeSurvey GmbH, Hamburg, Germany). Participation was
voluntary, and the adolescents did not receive any incentive for
their collaboration, while each school received a feedback report,
including results by class group.

Data Analysis
All analyses were conducted using IBM SPSS Statistics version
25 and Mplus 8.4 (Muthén & Muthén). Confirmatory factor
analysis (CFA) was conducted to test the structural validity.
Figure 1 represents the correlated 3-factor solution tested. We
used a diagonally weighted least squares means and variance
adjusted (WLSMV) model estimator due to a number of
alternative responses and the nonnormality distribution [36].
We tested the model’s goodness of fit using the comparative fit
index (CFI), the Tucker-Lewis index (TLI), and the
root-mean-square error of approximation (RMSEA). A CFI of
>0.90 and a TLI of >0.95 indicate an acceptable and an optimal
fit, respectively [37], and RMSEA values of ≤0.10 indicate an
acceptable fit [38].

Later, we tested whether the PSC-17-Y exhibits an invariant
structure across gender and across time through longitudinal
and multigroup measurement invariance analysis. In particular,
3 levels of invariance were tested: (1) configural (test whether
all items load on the proposed factor), (2) metric (test whether
item-factor loadings are similar across groups), and (3) scalar
(test whether unstandardized item thresholds are similar across
groups). In addition, within longitudinal measurement,
invariance residuals covariances between the same item over
time (eg, time 0 with time 1) were included. Thus, to indicate
a significant decrement in fit when testing for measurement
invariance, we used model comparison criteria of ΔCFI/ΔTFI
≥ 0.01 (ie, a decrease indicating the worst fit) [39] and ΔRMSEA
≥ 0.015 (ie, an increase indicating the worst fit) [40].

When there is scalar measurement invariance, the comparison
of factor means across groups is permissible [41]. Consequently,
we calculated gender differences. We also estimated the Cohen
d index (standardized mean difference), which allows evaluating
the effect size (ES) of the obtained differences [42].

The Cronbach α and the McDonald omega (ω) [43] were used
to estimate the internal consistency of the PSC-17-Y since the
McDonald ω is a better estimator of reliability than the Cronbach
α [44].
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Convergent and criterion validity was evaluated by calculating
the correlation coefficients between the scores on the PSC-17-Y
and different, well-established measures. Specifically, we tested
the convergent validity with measures of distress (SEDS-S) and
criterion validity with measures of well-being, QoL, and
socioemotional skills (MHC-SF, KIDSCREEN-10 Index,
SEHS-S). The Cohen criteria were used to estimate the ES of
the correlations [42,45].

Finally, normative data for the PSC-17-Y were presented in the
form of percentiles (75th and 90th). We also calculated the
cut-off point of 15 for OVR, 5 for INT symptoms, 7 for EXT
symptoms, and 7 for ATT, as proposed by Gardner et al [16,17],

because these scores have not received evidence-based support
in Spanish adolescents.

As the sample size determination for psychometric validation
studies lacks clear recommendations [46], we determined the
required sample size by allocating several observations 5-10
times greater than the variables [47]. Accordingly, the sample
size needed ranged between 85 and 170 participants based on
the number of items in the PSC-17-Y. Furthermore, according
to the subject-to-item ratio method, a sample size of ≥1000 to
perform exploratory factor analysis (EFA) or CFA would be
excellent [46].

Figure 1. Visual representation of the 17-item, 3-factor solution of the PSC-17-Y. ATT: attention-deficit/hyperactivity disorder symptoms; EXT:
externalizing; INT: internalizing; PSC-17-Y: Pediatric Symptom Checklist-Youth Self-Report.

Results

Confirmatory Factor Analysis and Measurement
Invariance
Findings of CFA and measurement invariance over time and
across gender groups are summarized in Table 1. Since item 13
(“Me cuesta mucho cansarme”/“Acts as if driven by a motor”)
had a low loading at the ATT subscale (0.127), we also tested
the 16-item model, which slightly improved the fit. An optimal
fit index was observed for both the 17- and 16-item models,
with loadings from 0.348 (item 5) to 0.858 (item 6) and from

0.346 (item 5) to 0.859 (item 6), respectively. Longitudinal and
multigroup measurement invariance was found for the 17- and
16-item models, which means that the structure, loadings, and
intercepts of the PSC-17-Y were invariant over time and across
gender groups. Although the 16-item version was slightly
stronger than the 17-item version, we concluded that the minimal
improvement in accuracy was less important than being able to
use the 17-item model, which is the internationally recognized
version and facilitates comparisons with other studies. For this
reason, subsequent analyses were performed with a 17-item
version.
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Table 1. Goodness of fit for baseline models and measurement invariance of the 3-factor solution.

Comparative goodness of fitOverall goodness of fitItems, nNumber

ΔRMSEAΔTLIΔCFIModel comparisonRMSEAd (90% CI)TLIcCFIbχ2a (df)

Baseline model

————e0.046 (0.044-0.048)0.9540.9611462.63 (116)171

–0.0030.0100.0091 vs 20.043 (0.041-0.045)0.9650.9701105.35 (101)162

Longitudinal measurement configural invariance

————0.029 (0 .028-0.030)0.9500.9562814.41 (496)173

————0.025 (0 .024-0.027)0.9660.9701957.05 (433)164

Longitudinal measurement metric invariance

–0.0030.0100.0083 vs 50.026 (0 .025-0.027)0.9600.9642395.55 (505)175

–0.0010.0030.0034 vs 60.024 (0 .023-0.025)0.9690.9731845.45 (443)166

Longitudinal measurement scalar invariance

0.001–0.002–0.0035 vs 70.027 (0 .026-0.028)0.9580.9612538.15 (522)177

0.001–0.001–0.0036 vs 80.025 (0 .024-0.026)0.9680.9701969.06 (459)168

Gender configural invariance

————0.024 (0 .023-0.025)0.9640.9682573.15 (990)179

————0.023 (0 .022-0.024)0.9710.9742110.28 (866)1610

Gender metric invariance

0.001–0.003–0.0039 vs 110.025 (0 .024-0.026)0.9610.9652777.51 (1018)1711

–0.001–0.004–0.00410 vs 120.024 (0 .023-0.026)0.9670.9702342.64 (892)1612

Gender scalar invariance

0.002–0.005–0.00611 vs 130.027 (0 .026-0.028)0.9560.9593068.45 (1046)1713

0.001–0.001–0.00212 vs 140.025 (0 .024-0.026)0.9660.9682460.40 (918)1614

aP<.001.
bCFI: comparative fit index.
cTLI: Tucker-Lewis index.
dRMSEA: root-mean-square error of approximation.
eNot applicable.

The correlation matrix of the items can be seen in Table 2.

As can be seen in Tables 3 and 4, the reliability coefficients for
all measures ranged from .64 to .76 (McDonald ω). Regarding
gender differences among total scores, females showed
significantly higher scores on general social-emotional distress
(d=0.34) and INT (d=0.42) scales than males, with a
small-to-medium ES. Concerning the differences in the EXT
scale, males showed more symptoms of EXT problems than
females, with a small ES (d=0.12). Although the scores for
well-being and socioemotional competencies were lower in
females than in males, the ESs were low (d ranged from 0.08
to 0.15). Finally, males showed higher HRQoL levels than
females, with an ES of 0.35.

According to Table 5, the intercorrelation between the PSC-17-Y
subscales was moderate, indicating that this measure is

composed of 3 differentiated and mutually associated factors.
Regarding the relationship between PSC-17-Y subscales and
the remaining measures, the highest positive correlations were
between the INT subscale and the measure of distress (large
ES), while the association of the ATT and EXT subscales with
distress was medium. Similarly, the correlation was higher (and
negative) between the INT subscale and the HRQoL (large ES)
than between different types of well-being and socioemotional
competencies (moderate to large). However, the correlation
between ATT and measures of well-being, socioemotional
competencies, and the HRQoL was significant and negative,
with a small-to-medium magnitude. Finally, the EXT subscale
presented a small-to-medium association with the different
positive measures.
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Table 2. Correlation matrix of the items.

16151413121110987654321Items

————————————————a1

———————————————0.152

——————————————0.330.283

—————————————0.190.160.144

————————————0.320.150.100.155

———————————0.170.250.330.730.106

——————————0.410.200.200.490.380.297

—————————0.320.360.160.240.280.390.218

————————0.330.320.560.080.160.270.520.139

———————0.310.350.300.320.220.360.250.300.1810

——————0.280.450.280.350.600.1550.180.250.580.1311

—————0.270.380.230.440.410.320.2270.290.400.300.3112

————0.16–0.010.05–0.010.060.060.060.1050.070.05–0.040.2213

———0.140.480.190.410.200.410.330.240.2560.310.340.240.2614

——0.140.070.170.360.180.470.230.300.410.0260.070.200.420.1315

—.07.42.11.43.16.34.13.37.25.28.174.29.24.24.1516

0.300.260.370.070.440.280.280.270.330.690.340.1870.1780.5760.310.3317

aNot applicable.

Table 3. Descriptive analysis for males and females and reliability coefficients of the PSC-17-Ya.

Effect size (d)Score, mean (SD)McDonald ω (95% CI)Interitem correlationsCronbach α (95% CI)PSC-17-Y Subscales

d = x – y (P value)Male (y)Female (x)MaleFemaleMaxMinMeanMaleFemale

0.01

(.76)

4.46

(2.07)

4.45

(1.98)

.64

(0.62-0.66)

.65

(0.63-0.67)

0.6860.0500.306.63

(0.61-0.65)

.61

(0.59-0.63)
ATTb

0.42

(<.001)

2.79

(2.17)

3.74

(2.37)

.72

(0.70-0.74)

.76

(0.75-0.78)

0.7300.4120.510.73

(0.71-0.74)

.76

(0.75-0.78)
INTc symptoms

–0.12

(<.001)

2.80

(2.15)

2.54

(2.07)

.67

(0.65-0.69)

.66

(0.64-0.68)

0.3480.1610.327.67

(0.65-0.68)

.65

(0.63-0.67)
EXTd symptoms

aPSC-17-Y: short form of the Pediatric Symptom Checklist-Youth Self-Report.
bATT: attention-deficit/hyperactivity disorder symptoms.
cINT: internalizing.
dEXT: externalizing.

Table 4. Descriptive analysis for males and females and reliability coefficients of study measures.

Effect size (d)Score, mean (SD)McDonald ω (95% CI)Cronbach α (95% CI)Measures

d = x – y (P value)Male (y)Female (x)MaleFemaleMaleFemale

–0.15 (<.001)14.31 (3.06)13.84 (3.29).79 (0.77-0.81).82 (0.80- 0.83).77 (0.75-0.78).80 (0.79-0.81)Emotional

–0.12 (<.001)20.36 (5.50)19.67 (5.60).83 (0.82-0.84).86 (0.85-0.86).83 (0.82-0.84).85 (0.84-0.86)Social

–0.08 (.003)28.51 (5.58)28.04 (5.74).86 (0.85-0.87).91 (0.85-0.87).86 (0.85-0.87).86 (0.86-0.87)Psychological

–0.35 (<.001)39.81 (6.44)37.39 (7.36).83 (0.82-0.84).86 (0.85-0.86).83 (0.82-0.84).86 (0.85-0.86)HRQoLa

–0.12 (<.001)112.28 (14.04)110.69 (14.72).90 (0.90-0.91).91 (0.91-0.92).90 (0.90-0.91).91 (0.91-0.92)Socioemotional skills

aHRQoL: health-related quality of life.
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Table 5. Correlations between the PSC-17-Ya, distress, and well-being measures.

Socioemo-
tional skillsHRQoLe

Psychological

well-being

Social

well-being

Emotional

well-beingDistress

EXTd

symptoms

INTc

symptomsATTb
PSC-17-Y Subscales –
Measures

————————f1ATT

———————10.35gINT symptoms

——————10.36g0.46gEXT symptoms

—————10.35g0.67g0.35gDistress

————1–0.44g–0.24g–0.51g–0.19gEmotional well-being

———10.65g–0.38g–0.26g–0.46g–0.21gSocial well-being

——10.72g0.70g–0.42g–0.31g–0.50g–0.23gPsychological well-being

—10.72g0.63g0.66g–0.60g–0.34g–0.67g–0.30gHRQoL

10.67g0.70g0.61g0.60g–0.39g–0.41g–0.45g–0.31gSocioemotional skills

aPSC-17-Y: short form of the Pediatric Symptom Checklist-Youth Self-Report.
bATT: attention-deficit/hyperactivity disorder symptoms.
cINT: internalizing.
dEXT: externalizing.
eHRQoL: health-related quality of life.
fNot applicable.
gP<.001.

Concerning normative information for PSC-17-Y subscales,
each subscale is scored by the sum of its items. The adolescent’s
score on the scale can then be used to obtain the corresponding
percentile score. The normative information for each of the 3
PSC-17-Y subscales and total scores for the whole sample are
shown in Table 6. We also included percentile scores for
PSC-17-Y OVR scores to facilitate international comparisons.

The values obtained in our study using the international cut-off
point of 15 for OVR, 7 for ATT, 5 for INT symptoms, and 7
for EXT symptoms, as proposed by Gardner et al [24], were

20.7%, 15.1%, 29.7%, and 5.1%, respectively. The 90th
percentile indicated that 11.6% of the sample scored above this
cut-off point of 17 for OVR on the PSC-17-Y, 26.3% of the
participants exceeded the 75th percentile for the PSC-17-Y total
score. Regarding specific symptoms, 15.1%, 10.2%, and 10.6%
of the participants scored above the 90th percentile on ATT,
INT symptoms, and EXT symptoms, respectively. The data at
the 75th percentile or quartile 1 indicated that 29.1%, 28.7%,
and 32.0% of the participants exceeded the cut-off points for
ATT, INT symptoms, and EXT symptoms, respectively.
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Table 6. Normative information about PSC-17-Ya scales for adolescents (percentile scores); N=5430 (boys and girls 12-18 years old).

PSC-17-Y totalePSC-17-Y EXTd symptomsPSC-17-Y INTc symptomsPSC-17-Y ATTbPercentile

00001

30015

401210

501215

611320

711325

812330

822435

922440

1023445

1023550

1133555

1234560

1234565

1344570

1445675

1545680

1656785

1767790

1978895

23810999

aPSC-17-Y: short form of the Pediatric Symptom Checklist-Youth Self-Report.
bATT: attention-deficit/hyperactivity disorder symptoms. Rating anchor: ATT=0-10 (5 items).
cINT: internalizing. Rating anchor: INT symptoms=0-10 (5 items).
dEXT: externalizing. Rating anchor: EXT symptoms=0-14 (7 items).
eRating anchor: total score=0-34 (17 items).

Discussion

Principal Findings
This study aimed to delineate the psychometric properties of
the PSC-17-Y in Spanish adolescents. As expected, this study
found evidence of a 3-factor solution, as in the original English
version, and also gave evidence of reliability and validity
(structural, convergent, and criterion) to assess several
psychopathology symptoms among adolescents. However, item
13 showed a lower loading (0.127) than the remaining items.
This finding is consistent with Bergmann et al. [22], who
validated the PSC-17-Y in English and reported a relatively low
factor loading (0.233) for this item. Following the same logic
as these authors, we maintained item 13 in the final set of items
for the PSC-17-Y in Spanish, since it is important to keep the
measure as simple as possible for respondents and clinicians to
complete, score, and interpret and since the parent- and
youth-reported short forms were identical except for this 1 item.
We found that the inclusion of item 13 had a negligible impact
on the psychometric properties of the PSC-17-Y in Spanish. As
a result, we elected to add item 13 to the 16-item model and

recommend a 17-item short form of the PSC-Y that uses the
same 17 items on the same 3 subscales as the parent-reported
PSC-17. Furthermore, we hypothesized that the problem with
this item could be the wording and that future studies might
review it to improve the saturation in the factor. The PSC-17-Y
also showed an invariant structure across both genders, again
consistent with Bergman et al [22].

Additionally, our study provided the first evidence, as far we
know, for longitudinal invariance, indicating that the PSC-17-Y
in Spanish adolescents is stable over time. This finding implies
that it is reasonable to conclude that growth or development in
observed scores over time can be attributed to actual
development or changes in the construct under investigation,
not measurement problems [48]. Further studies that replicate
our study over more extended periods are, of course, needed.

Once gender and longitudinal invariance were tested, this study
provided new evidence on gender-attributable differences in
the PSC-Y scales. The gender differences found in this study
were consistent with the overwhelming prior research
establishing that females are more likely to express INT
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symptoms and males are more likely to express EXT symptoms
[49-51]. Furthermore, the small ES found in these gender
differences is also consistent with other ones, which highlighted
the small magnitude of gender differences in INT problems
among children and adolescents [52]. These findings suggest
that gender differences should be considered when pediatric
and mental health professionals interpret PSC-17-Y results.
Furthermore, gender is a crucial variable in the relationship
between INT symptoms and suicide among adolescents,
increasing this risk in females [53].

Regarding reliability evidence, our study showed McDonald ω
values between .64 and .76, which are slightly lower than those
shown by previous studies. Gardner et al [16] reported high
internal consistency (.79 for INT symptoms, .83 for EXT
symptoms, and .83 for ATT), and in the same order, Bergmann
et al [22], with 16 items, found consistency values of .81, .74,
and .69, respectively. The lowest internal consistency value was
ATT (.65 and .64 for females and males, respectively). The
removal of item 13 could improve the internal consistency of
the ATT subscale slightly to values of .70 and .71 for females
and males, respectively but at the cost of losing the original
17-item structure of the questionnaire.

Concerning other sources of convergent and criterion validity
evidence of the PSC-17-Y, all 3 subscales correlated positively
with the measure of distress and negatively with well-being,
HRQoL, and social-emotional competencies, indicating a higher
correlation between PSC-17-Y INT problems and the remaining
convergent and criterion validity measures. This finding is
consistent with previous studies on the PSC-17-Y, such as
Parker et al [23], who reported screening validity of the
PSC-17-Y in terms of higher scores on the PSC ATT and INT
subscales among youth with any lifetime mental health
diagnosis, as well as that ATT and INT subscale scores (but not
EXT) are significantly correlated with psychosis, depression,
and anxiety disorders. Thus, both our study and Parker et al’s
[23] provide support for the convergent and discriminant validity
of the PSC-17-Y.

Finally, regarding percentile scores, score distributions showed
a positive asymmetric distribution, but these normative data can
help locate specific and general psychopathological problems
among adolescents. Our rates would be suggestive of adolescents
presenting scores compatible with mental health symptoms
likely being in the clinical range. These data are equivalent to
those reported in previous studies using different versions and
cut-off scores for the PSC, PSC-17, and PSC-17-Y: 5%-25%
of children were screened positive [15,16,54-56]. For example,
a study using the 90th percentile score on the PSC found that
10.4% of children had problems on the OVR scale [54].
Additionally, the prevalence rates found in our study are

consistent with wide international reviews on estimates of
mental health prevalence among adolescents [1].

Limitations
The absence of an equivalent, well-established measure of INT,
EXT, and ADHD measures; the absence of data on the area
under the curve at optimal cut-off points in this study; and the
sample's representativeness because we recruited the sample
from the southeast of Spain exclusively were limitations of this
study. In addition, there were only 2 waves of assessment in a
short period of time (7 months), so it is recommended that future
studies replicate the longitudinal invariance findings over longer
intervals.

Conclusion
This study showed that the PSC-17-Y is a useful, reliable, and
valid ultrabrief screening measure for detecting mental health
problems in adolescents and can be administered over the
internet. More specifically, this study provided evidence of the
reliability and validity (structural and convergent-discriminant)
of the Spanish version of the PSC-17-Y for adolescents.

Finally, these findings are significant for the scientific
community. Therefore, this work has allowed us to extend the
evidence of the validity of the PSC-17-Y to another language
and country (Spain) in a large sample of adolescents, where
scores were invariant over time irrespective of gender. This is
a requirement that few instruments meet or for which evidence
has been provided. All of this supports the reliability of the
PSC-17-Y’s assessments and its use in clinical contexts, such
as monitoring the development of symptomatology. The fact
that the PSC-17-Y is a tool that is easy to administer is another
support for its use in clinical contexts.

Having instruments such as the PSC-17-Y with established
reliability meets an especially important need during COVID-19
times, which have been characterized by an increase in mental
health problems among children and adolescents [3-5] and a
possibly greater need for case identification and outcome
measurement.

Lastly, the results also support the use of the PSC-17-Y in
longitudinal research, for example, for the study of the temporal
trajectories of psychopathology in children, facilitating, among
other things, reliability in the evaluation of the effectiveness of
treatments. In addition to its usefulness in research, the
PSC-17-Y is an instrument with applicability in the clinical
setting, specifically in both primary care and specialty mental
health units, as a screening tool for mental health problems in
children and adolescents that is valid for monitoring changes
in functioning over time.
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Abbreviations
ADHD: attention deficit hyperactivity disorder
ATT: attention deficit hyperactivity disorder symptoms
CFA: confirmatory factor analysis
CFI: comparative fit index
ES: effect size
EXT: externalizing
HRQoL: health-related quality of life
INT: internalizing
MHC-SF: Mental Health Continuum-Short Form
OVR: overall
PSC-17-Y: Short Form of the Pediatric Symptom Checklist-Youth Self-Report
PSC-17: Pediatric Symptom Checklist-Parent Version
PSC: Pediatric Symptom Checklist
RMSEA: root-mean-square error of approximation
SEDS-S: Social-Emotional Distress Survey-Secondary
SEHS-S: Social-Emotional Health Survey-Secondary
TLI: Tucker-Lewis index
WLSMV: weighted least squares means and variance adjusted

Edited by R Kukafka; submitted 10.06.21; peer-reviewed by A Tannoubi, M Salimi; comments to author 30.07.21; revised version
received 06.10.21; accepted 29.10.21; published 01.12.21.

Please cite as:
Piqueras JA, Vidal-Arenas V, Falcó R, Moreno-Amador B, Marzo JC, Holcomb JM, Murphy M
Short Form of the Pediatric Symptom Checklist-Youth Self-Report (PSC-17-Y): Spanish Validation Study
J Med Internet Res 2021;23(12):e31127
URL: https://www.jmir.org/2021/12/e31127 
doi:10.2196/31127
PMID:34855614

©Jose A Piqueras, Verónica Vidal-Arenas, Raquel Falcó, Beatriz Moreno-Amador, Juan C Marzo, Juliana M Holcomb, Michael
Murphy. Originally published in the Journal of Medical Internet Research (https://www.jmir.org), 01.12.2021. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the
Journal of Medical Internet Research, is properly cited. The complete bibliographic information, a link to the original publication
on https://www.jmir.org/, as well as this copyright and license information must be included.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e31127 | p.905https://www.jmir.org/2021/12/e31127
(page number not for citation purposes)

Piqueras et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2021/12/e31127
http://dx.doi.org/10.2196/31127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34855614&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Assessing Cognitive Function in Multiple Sclerosis With Digital
Tools: Observational Study

Wan-Yu Hsu1*, PhD; William Rowles1*, BA; Joaquin A Anguera1,2,3, PhD; Annika Anderson1, BA; Jessica W

Younger1,2, PhD; Samuel Friedman1, BA; Adam Gazzaley1,2,3,4, MD, PhD; Riley Bove1, MD
1Department of Neurology, Weill Institute for Neurosciences, University of California, San Francisco, CA, United States
2Neuroscape, University of California, San Francisco, CA, United States
3Department of Psychiatry, University of California, San Francisco, CA, United States
4Department of Physiology, University of California, San Francisco, CA, United States
*these authors contributed equally

Corresponding Author:
Riley Bove, MD
Department of Neurology
Weill Institute for Neurosciences
University of California
675 Nelson Rising Lane
San Francisco, CA, 94158
United States
Phone: 1 415 595 2795
Email: Riley.Bove@ucsf.edu

Abstract

Background: Cognitive impairment (CI) is one of the most prevalent symptoms of multiple sclerosis (MS). However, it is
difficult to include cognitive assessment as part of MS standard care since the comprehensive neuropsychological examinations
are usually time-consuming and extensive.

Objective: To improve access to CI assessment, we evaluated the feasibility and potential assessment sensitivity of a tablet-based
cognitive battery in patients with MS.

Methods: In total, 53 participants with MS (24 [45%] with CI and 29 [55%] without CI) and 24 non-MS participants were
assessed with a tablet-based cognitive battery (Adaptive Cognitive Evaluation [ACE]) and standard cognitive measures, including
the Symbol Digit Modalities Test (SDMT) and the Paced Auditory Serial Addition Test (PASAT). Associations between
performance in ACE and the SDMT/PASAT were explored, with group comparisons to evaluate whether ACE modules can
capture group-level differences.

Results: Correlations between performance in ACE and the SDMT (R=–0.57, P<.001), as well as PASAT (R=–0.39, P=.01),
were observed. Compared to non-MS and non-CI MS groups, the CI MS group showed a slower reaction time (CI MS vs non-MS:
P<.001; CI MS vs non-CI MS: P=.004) and a higher attention cost (CI MS vs non-MS: P=.02; CI MS vs non-CI MS: P<.001).

Conclusions: These results provide preliminary evidence that ACE, a tablet-based cognitive assessment battery, provides
modules that could potentially serve as a digital cognitive assessment for people with MS.

Trial Registration: ClinicalTrials.gov NCT03569618; https://clinicaltrials.gov/ct2/show/NCT03569618

(J Med Internet Res 2021;23(12):e25748)   doi:10.2196/25748
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Introduction

Background
Multiple sclerosis (MS) is a chronic inflammatory and
neurodegenerative disorder, and it is the leading cause of major
disability in young adults. Cognitive impairment (CI) occurs in
30%-70% of patients with MS [1,2], even in the absence of
physical impairment [1,3,4]. CI is one of the most debilitating
manifestations of MS and can have a profound influence on a
patient’s personal independence and quality of life, interfering
with social functioning and employment. Since 2014, CI
assessment has been one of the measure specifications of the
American Academy of Neurology’s MS Quality Measurement
Set [5]. Ideally, patients with MS should undergo a complete
cognitive assessment and routinely repeat the examination to
detect cognitive changes overtime and to start timely treatment,
if needed. However, to date, cognitive assessment in MS relies
on a comprehensive neuropsychological examination, which is
time-consuming and extensive; therefore, it makes it difficult
to include cognitive assessment/monitoring as part of MS
standard care.

Cognitive Assessment with Digital Tools
Integrating digital tools into clinical settings can reduce the time
and cost associated with cognitive examination and further
allows repeated assessments, which provide more precise
monitoring of cognitive performance and longitudinal changes.
One more feature of digital tools is the capability of remote and
self-administration, which can relieve the burden of travel to
the clinic, due to deficits in mobility or cognition for many
patients. Moreover, with remote administration features, data
collection can be performed in a nonclinical, real-life setting,
which allows sampling of cognitive performance more closely
reflecting real-world cognitive function [6]. The
self-administered feature also reduces common stressors for
patients who get nervous during structured testing in clinical
settings.

With advanced technology, remote, computerized platforms for
cognitive assessment and treatment, using personalizing features,
including adaptive staircase algorithms for populations with
cognitive deficits [7-14], have been developed. In Alzheimer’s
disease–related dementias, digital cognitive assessment tools
have shown reliability in measuring longitudinal cognitive
changes in individuals with no CI, mild CI, and dementia [15,16]
and have exhibited cross-sectional sensitivity to cerebrospinal
fluid amyloid-ß levels [17]. In schizophrenia, digital assessments
have also shown effectiveness in identifying deficits across
different cognitive domains [18,19]. Moreover, tablet-based
cognitive assessment has been validated to differentiate
cognitive control ability between children with and without
16p11.2 deletion, a genetic variation implicated in attention
deficit/hyperactivity disorder and autism [8]. Although the
development and validation of digital cognitive assessment tools
have been growing, the investigations of remote, digital CI
assessments in MS have been scarce [20-23]; therefore, there
is a need to deepen the exploration of digital cognitive
evaluation for improving access to CI assessments in order to

thereby navigate problems related to cognitive issues and further
reduce the impact of CI on patients’ lives.

Aims and Overview of the Study
The goal of this study was to evaluate the feasibility and
potential assessment sensitivity of a tablet-based cognitive
assessment battery in patients with MS, focusing on the most
commonly affected cognitive domains in MS: processing speed,
attention, executive function, and memory [1,2]. To accomplish
this, a tablet-based cognitive assessment battery (Adaptive
Cognitive Evaluation [ACE]; see the Methods section) that
measures different aspects of high-order cognitive function (eg,
attention, working memory, speed of information processing,
and executive function) [24], was tested in 53 participants with
MS and 24 participants without MS. ACE was developed by
Neuroscape at the University of California, San Francisco
(UCSF) [24]. It has a user-friendly interface as well as adaptive
algorithms, which modulate the challenge level of a task on a
trial-by-trial basis based on individual performance. In this
study, 3 modules (Boxed, Sustained Attention ACE Task
[SAAT], Spatial Span) assessing different aspects of cognitive
control ability and 1 module (Basic Reaction Time [BRT])
measuring the basic response speed were included (see the
Methods section) for a preliminary examination of the construct
validity of the ACE battery. The Symbol Digit Modalities Test
(SDMT), a test considered the most sensitive measurement for
the evaluation of cognitive involvement and information
processing speed in the early MS course [25,26], was also
administered. Given that information processing speed has been
shown to account for impairments in high-level cognitive
functions in MS [27-30], the relationship between performance
in the SDMT and ACE modules was investigated. To further
delineate whether ACE modules can differentiate different levels
of cognitive function, performance differences among
participants with MS with and without CI, as well as participants
without MS, were examined.

We hypothesized that there would be a correlation between the
SDMT score and ACE performance in accordance with the
relative consequence theory of information processing speed
[30-32], in which impaired processing speed is considered the
key deficit underlying CI in MS [27-30]. In addition, as a tool
for cognitive assessment in MS, ACE would reveal group-level
differences between participants with MS with and without CI,
as well as participants without MS.

Methods

Participants
In total, 53 adults with clinically definite MS [33], mean age
51.8 (1.7) years, were recruited from the University of
California, San Francisco Multiple Sclerosis and
Neuroinflammation Center between April 2018 and January
2019 with the following inclusion criteria: internet connection
available at home or in the work environment and free of
relapses or steroid use in the past month. Patients with severe
visual, cognitive, or motor impairment that would preclude the
use of a tablet-based tool were excluded. A group of 24 adults
without MS (non-MS), mean age 46.0 (3.7) years, with no
chronic autoimmune diseases were also recruited from the UCSF
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staff, willing family members of patients in the clinic, and other
eligible and willing volunteers.

Standard Approval, Registration, and Patient Consent
All procedures performed in the study involving human
participants were approved by the Committee for Human
Research at the UCSF. Written informed consent was obtained
from each participant. The trial is registered with
clinicaltrials.gov (NCT03569618).

Study Design
To evaluate ACE, both ACE and the SDMT were administered
to all participants, including 53 adults with MS and 24 adults
without MS (non-MS). All participants with MS were recruited
as part of studies to determine the feasibility [20] and
preliminary efficacy [34] of a digital cognitive treatment, as
previously described [34]. As part of a published study in which
another tablet-based assessment (ie, EVO Monitor) was
investigated [35], this study contains data that have not been
analyzed or published in a larger trial (clinicaltrials.gov
NCT03569618). The analysis of this study was based on
baseline performance data (ie, before any cognitive intervention)
of our feasibility [20] and efficacy [34] trials, where participants
underwent cognitive testing, including ACE and the SDMT.
The 2-hour baseline session began with standard measures
(SDMT, the Paced Auditory Serial Addition Test [PASAT], the
California Verbal Learning Test Second Edition, and the Brief
Visuospatial Memory Test Revised), followed by digital
cognitive assessment with ACE (BRT, Boxed, SAAT, Spatial
Span) and EVO Monitor (data presented in [35]). Standard
measures were administered by a study coordinator. Digital tool
assessment was self-guided; however, a study coordinator sat
in with the participants to answer questions and clarify aspects
of the directions, if needed. The baseline session did not include
any predetermined break, while participants were informed at
the beginning of the visit that they could take a break at any
time, if needed. Task order was predetermined (as described
above) and remained consistent through the whole study. Only
the SDMT and PASAT were included in the analysis of this
study, given that they are the most widely used standard
measures for people with MS and the cognitive domains being
evaluated by these tests are close to cognitive aspects that ACE
is designed to test for (ie, attention, working memory, speed of
information processing, and executive function).

Cognitive Measures

Standard Measures: SDMT and PASAT
SDMT is a widely used measure of selective attention and
information processing speed in MS [25,26], which requires
the participant to substitute geometric symbols for numbers
while scanning a response key. The participants were presented
with a page headed by a key that pairs 9 symbols with the single
digits 1-9. Rows below showed only symbols, and the task was
to write the correct number in the spaces below based on the
key row. After finishing the first 10 items with guidance, correct
responses being made within 90 seconds were counted as the
SDMT score.

Since PASAT has also been used extensively to test information
processing speed, attention, and working memory in MS [36],
we included it as a standard measure for participants with MS
recruited in this study. The participants were instructed to listen
to numbers presented every 3 seconds and add the number they
hear to the number they heard before (rather than giving a
running total). The PASAT score was defined as the total
number of correct answers out of 60 possible answers.

Digital Cognitive Assessment Battery: ACE
Tasks within ACE (Figure 1) followed a similar schematic:
across modules, the probe or target (as specified in the individual
module description below) was displayed either until a response
was made or until the maximum reaction time (RT) limit was
reached. After each trial, the trial-level feedback, either a green
(correct response was made within the RT limit), yellow (correct
response was made outside of the RT limit), or red (incorrect
response) centralized fixation cross was displayed for 200 ms,
followed by a standard 1000 ms intertrial interval.

The BRT task was designed to index the basic response speed
of participants on a simple task with minimal loading on
executive function skills [37]. Participants were instructed to
press a button at the bottom of the screen as fast as they could
when they detected a symbol (target) that appeared in the center
of the screen. The target always appeared without distraction.
The BRTs were measured for both index fingers. Participants
first completed 5 practice trials for each of their right and left
index fingers, followed by 20 experimental trials per index
finger. This task started with a maximum RT limit of 500 ms
and a response window of 500 ms that adapted for each
participant according to trialwise performance. An average RT
was measured for each hand. Only data from the dominant hand
were included as each participant’s BRT in the following
analyses.

The Boxed task was designed to measure visual search
performance across different types and number of distractors
[38]. Participants were presented with an array of either 4 or 12
Landolt squares (ie, squares with gaps) with an opening on 1
side until participants located the target (a green box with a gap
on the top or bottom) and indicated the location of the gap (top
or bottom) by tapping with their dominant hand on a button
with either “top” or “bottom.” Two distinct search modes were
included: a feature search, where red Landolt squares were
present in addition to the single green target, allowing the target
to be located based solely on object color, and a conjunction
search, where distractor boxes were green and red, with all green
distractor boxes having gaps on either side and red distractor
boxes having gaps on the top and bottom, similar to the green
target box. As such, participants had to search the array for the
target square based on a conjunction of features: both color and
position of the opening. In addition to the 2 search types (feature
and conjunction), there were 2 distractor load conditions: a low
load with 1 target and 3 distractors and a high load with 1 target
and 11 distractors. Participants completed 8 practice trials of
each condition (32 total) before moving on to the experimental
task with 25 trials per condition (100 total). This task started
with a maximum RT limit of 1500 ms and a response window
of 1000 ms that adapted for each participant according to
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trialwise performance. Only correct responses made within the
participants’ adaptive response window were included in
analysis. Task performance was assessed by examining the
mean RT to correct responses for all trial types, including 4-
and 12-item trials collapsed across both feature and conjunction

search modes. The RT cost between target identification for
feature and conjunction trials across each set size was measured
as distraction cost = 12-item (conjunction and feature) – 4-item
(conjunction and feature).

Figure 1. Screenshot of ACE. ACE: adaptive cognitive evaluation.

SAAT was developed based on the Tests of Variables of
Attention (TOVA) [39] and was designed to include blocks that
separately measure sustained attention (to an infrequent target)
and inhibitory control (inhibiting a prepotent response to salient
distractors). During a trial, a symbol (target) appeared at the top
or bottom of the screen. Participants were instructed to press a
button with the index finger of only their dominant hand when
the target appeared at the top of the screen and to ignore the
symbol and withhold a response when it appeared at the bottom.
This task proceeded in 2 blocks. In the inhibitory control block,
targets appeared on 27 of 40 (67%) of trials and required
participants to withhold a (highly primed) response when a
distractor appeared. In the sustained attention block, the target
appeared on only 13 of 40 (33%) of trials, requiring participants
to maintain attention to avoid missing an infrequent target.
Participants completed 10 practice trials (6 target and 4 nontarget
trials) and then 80 experimental trials, 40 in each block. This
task started with a maximum RT limit of 600 ms and a response
window of 600 ms that adapted for each participant according
to trialwise performance. However, to avoid creating an
artificially low response window, correct rejections did not
affect the response window. Trials where no response was given
(when a response was expected) or that were anticipatory (RT
< 150 ms) were excluded from analyses. All remaining trials

were evaluated for accuracy regardless of whether the response
was within the response window. Thus, trials were only
considered incorrect if an incorrect response was made (and not
if they were correct but late). The mean RT to correct responses
collapsed across block types were measured as task performance.

The Spatial Span Task is a computerized version of the Corsi
Block-Tapping Test [40], which has frequently been used to
assess visuospatial working memory capacity. On each trial,
participants viewed a test array of 20 black circles that were
cued sequentially in line with the typical administration of the
Corsi Block-Tapping Task stimuli. Cued circles were lit in
green, one at a time, sequentially. After the sequence of circles
was complete and no longer displayed, participants were
instructed to recall the location of each cued circle in the order
they were shown and indicate the location and sequence by
tapping each cued location in the cued order. Participants started
with between 2 and 4 practice trials with 3-location sequences
(ie, 3 cued circles). Participants practiced until 2 consecutive
trials were answered incorrectly. Regardless of practice
performance, participants then began the experimental task with
a 3-location sequence. Once the participant completed 2
consecutive trials of the previous level without an error, they
would advance to the next level that included an additional cued
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circle, increasing the difficulty level. Participants completed as
many levels as possible until 2 consecutive incorrect trials, at
which point the task ended. Participants had unlimited time to
respond for this task. Participants needed to have successfully
completed at least 2 3-location sequence trials to be included
in analysis. The highest level (ie, maximum number of items
in a sequence) of the successful trial for each participant was
defined as the spatial span, the measurement of working memory
capacity.

Statistical Analysis
All numerical data are presented as the mean (SE). To evaluate
the digital cognitive assessment battery (ie, ACE), Pearson
correlation analyses were conducted to scrutinize the relationship
between performance in the SDMT/PASAT and ACE modules.
Partial correlation analyses with age, sex, years of education,
and the BRT as covariates were applied, when appropriate. To
examine whether the selected ACE modules can differentiate
CI and non-CI participants with MS, participants with MS were
divided into 2 subgroups (ie, CI and non-CI) according to their
baseline SDMT z scores. Participants with an SDMT z score
of <–1 based on published normative data [41] were
characterized as CI. Differences between CI and non-CI

participants with MS, as well as non-MS participants in terms
of ACE performance, were examined by one-way ANOVA,
with the BRT as a covariate to control for potential motor speed
deficit in participants with MS. Two-tailed Student t tests were
carried out for post hoc comparisons, when appropriate. The
statistical significance threshold was set as P≦.05.

Results

Participants
A total of 53 participants with MS (mean age 51.8 [1.7] years)
and 24 participants without MS (mean age 46.0 [3.7] years)
completed the assessments; their demographic and clinical
characteristics are summarized in Table 1. One-way ANOVA
revealed no age differences between the groups (F(2,76)=1.42,
P=.24). For categorical variables (ie, sex and race), chi-square
tests showed no statistically significant association between

groups and sex (X2(2)=5.31, P=.07) as well as race (X2(4)=2.90,
P=.59). For analysis purposes, the 53 participants with MS were
divided into CI (n=24 [45%]) and non-CI (n=29 [55%])
subgroups based on to their baseline SDMT z score. Figure 2
details the task completion rate.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e25748 | p.910https://www.jmir.org/2021/12/e25748
(page number not for citation purposes)

Hsu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Demographic and clinical characteristics of participants.

Non-MS (n=24)MSaCharacteristics

Non-CI (n=29)CIb (n=24)

46.04 (3.72)52.68 (2.35)50.87 (2.51)Age (years), mean (SE)

12 (50)23 (79)17 (70)Sex (female), n (%)

16.16 (0.41)16.79 (0.51)16.50 (0.47)Education (years), mean (SE)

50 (100)23 (80)22 (91)Right-handedness, n (%)

17 (70%)15 (51%)11 (45%)Part- or full-time employed, n (%)

51.20 (2.65)e49.34 (1.12)d34.79 (1.34)SDMTc score, mean (SE)

0.26 (0.20)e–0.05 (0.10)d–1.58 (0.08)SDMT z score, mean (SE)

N/Af3 (1.5)4 (1.75)Expanded Disability Status Scale (EDSS), median (IQR)

N/A13.71 (1.49)11.95 (1.83)Disease duration (years), mean (SE)

Race, n (%)

19 (79%)22 (76%)22 (92%)White

1 (4%)2 (7%)N/ABlack/African American

4 (17%)5 (17%)2 (8%)Other/unknown

MS subtype, n (%)

N/A23 (79%)18 (75%)Relapsing-remitting

N/A2 (7%)2 (8%)Primary progressive

N/A3 (10%)3 (13%)Secondary progressive

N/A1 (3%)N/AClinically isolated syndrome (CIS)

N/AN/A1 (4%)Unknown

aMS: multiple sclerosis.
bCI: cognitive impairment.
cSDMT: Symbol Digit Modalities Test.
dP<.001 for the comparison between CI and non-CI groups.
eP<.001 for the comparison between CI and non-MS groups.
fN/A: not applicable.

Figure 2. Task completion rate. ACE: Adaptive Cognitive Evaluation; BRT: basic reaction time; CI: cognitive impairment; MS: multiple sclerosis;
SAAT: Sustained Attention ACE Task.

Correlation Between Standard Measures and ACE
To delineate associations between performance in standard
measures (ie, SDMT and PASAT scores) and the tested digital
cognitive platform (ie, ACE), Pearson correlation analyses were

performed. The SDMT showed significant correlations with
several ACE measures (Boxed RT: R=–0.57, P<.001; Boxed
distraction cost: R=–0.28, P=.02; SAAT RT: R=–0.36, P=.001;
Spatial Span: R=0.34, P=.003; Figure 3). Since the Boxed RT
showed the strongest correlation with the SDMT, we further
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performed an exploratory linear regression analysis to examine
to what extent the Boxed RT value can be used to predict the
SDMT score. The analysis revealed a moderate R-squared value
of 0.333 with the regression equation SDMT = 82.55 – 0.038
× Boxed RT; 33% of the total variation in the SDMT score can
be explained by the Boxed RT.

When controlling for age, sex, years of education, and the BRT
with partial correlations, similar results were observed (Boxed
RT: R=–0.44, P<.001; Boxed distraction cost: R=–0.28, P=.01;
SAAT RT: R=–0.17, P=.15; Spatial Span: R=0.18, P=.12; Table
2). When we restricted the analyses to only participants with
MS, SDMT correlations with the Boxed RT and Boxed
distraction cost remained statistically significant (Boxed RT:
R=–0.50, P<.001; Boxed distraction cost: R=–0.34, P=.01;
SAAT RT: R=–0.22, P=.10; Spatial Span: R=0.24, P=.07).

Again, in adjusted correlation analyses, we saw similar results
(Boxed RT: R=–0.43, P=.002; Boxed distraction cost: R=–0.38,
P=.01; SAAT RT: R=–0.16, P=.26; Spatial Span: R=0.18,
P=.21; Table 2).

PASAT, which has also been extensively used to test cognitive
function in MS, was tested in the participants with MS and also
showed significant correlations with the Boxed RT (R=–0.39,
P=.01) and Spatial Span (R=0.29, P=.03; Figure 4 and Table
3). These correlations remained significant after accounting for
age, sex, years of education, and the BRT as covariates (Boxed
RT: R=–0.40, P=.01; Spatial Span: R=0.34, P=.02). These
results support the hypothesis that there is a correlational
association between standard MS information processing
measures and ACE measures.

Figure 3. Correlation between SDMT score and performance in ACE modules. ACE: Adaptive Cognitive Evaluation; RT: reaction time; SAAT:
Sustained Attention ACE Task; SDMT: Symbol Digit Modalities Test.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e25748 | p.912https://www.jmir.org/2021/12/e25748
(page number not for citation purposes)

Hsu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Results of Pearson correlation analyses between SDMTa and ACEb measures.

P valueRCovariatesACE measures

All participants (N=77)

<.001 e–0.57N/AdBoxed RTc

.01 e–0.28N/ABoxed distraction cost

.001 e–0.36N/ASAATf RT

.003 e0.34N/ASpatial Span

<.001 e–0.44age, sex, edug, and BRThBoxed RT

.01 e–0.28age, sex, edu, and BRTBoxed distraction cost

.15–0.17age, sex, edu, and BRTSAAT RT

.120.18age, sex, edu, and BRTSpatial Span

Participants with MSi (N=53)

<.001 e–0.50N/ABoxed RT

.01 e–0.34N/ABoxed distraction cost

.10–0.22N/ASAAT RT

.070.24N/ASpatial Span

.002 e–0.43age, sex, edu, and BRTBoxed RT

.007 e–0.38age, sex, edu, and BRTBoxed distraction cost

.26–0.16age, sex, edu, and BRTSAAT RT

.210.18age, sex, edu, and BRTSpatial Span

aSDMT: Symbol Digit Modalities Test.
bACE: Adaptive Cognitive Evaluation.
cRT: reaction time.
dN/A: not applicable.
eP values in italic are significant.
fSAAT: Sustained Attention ACE Task.
gedu: years of education.
hBRT: basic reaction time.
iMS: multiple sclerosis.
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Figure 4. Correlation between PASAT score and performance in ACE modules. ACE: Adaptive Cognitive Evaluation; PASAT: Paced Auditory Serial
Addition Test; RT: reaction time.

Table 3. Results of Pearson correlation analyses between PASATa and ACEb measures in participants with MSc (N=53).

P valueRCovariatesACE measures

.01 f–0.39N/AeBoxed RTd

.07–0.25N/ABoxed distraction cost

.83–0.03N/ASAATg RT

.03 f0.29N/ASpatial Span

.01 f–0.40age, sex, eduh, and BRTiBoxed RT

.09–0.24age, sex, edu, and BRTBoxed distraction cost

.92–0.01age, sex, edu, and BRTSAAT RT

.02 f0.34age, sex, edu, and BRTSpatial Span

aPASAT: Paced Auditory Serial Addition Test.
bACE: Adaptive Cognitive Evaluation.
cMS: multiple sclerosis.
dRT: reaction time.
eN/A: not applicable.
fP values in italic are significant.
gSAAT: Sustained Attention ACE Task.
hedu: years of education.
iBRT: basic reaction time.

Group Differences in ACE
We then determined whether ACE modules can differentiate
participants with MS with CI (SDMT z score<–1) and without
CI (SDMT z score≥–1), as well as non-MS participants. To
accomplish this, we conducted one-way ANOVA with the
participant category as the independent variable for the Boxed
RT, Boxed distraction cost, SAAT RT, and Spatial Span. We

included age, sex, and years of education as covariates. The
BRT was also included as a covariate since there was a
significant difference in the BRT among the 3 groups (F
(2,71)=3.96, P=.02), where the non-MS group showed a faster
BRT (311.81 [14.50] ms) compared to both CI (362.86 [13.56]
ms, P=.02) and non-CI (357.27 [12.34] ms, P=.02) participants
with MS.
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Significant group differences in the Boxed RT (F (2,66)=9.73,
P<.001) and Boxed distraction cost (F (2,66)=7.40, P=.001)
were revealed. Post hoc comparisons indicated a slower Boxed
RT in CI (1072.72 [28.14] ms) compared to non-CI (959.89
[25.48] ms; P=.004) participants with MS as well as non-MS
participants (904.86 [31.68] ms, P<.001). For Boxed distraction
cost, CI participants showed a higher attention cost (274.35
[20.47] ms) when compared to non-CI participants (170.12
[18.53] ms, P<.001) and non-MS (203.84 [23.04] ms, P=.02)
participants (Figure 5). Although no statistical differences in
Boxed distraction cost were found between the non-CI and
non-MS groups (P=.20), numerically, the distraction cost in the
non-CI group was slightly lower than in the non-MS group. A
lower RT cost may be attributed to 2 combinations of task
performance: First, the same level of performance for the more
challenging task condition but a worse performance in the easier
task, and second, the same level of task performance for the
easier task and a less performance drop in the more challenging
task, indicating better cognitive ability as the performance is
not affected much when the task becomes more difficult. Here,

the numerical difference in Boxed distraction cost between
non-CI and non-MS groups was more likely to be a result of
worse performance in the easier task in the non-CI group (ie,
slower RT in the 4-item condition) rather than a less
performance change in the more challenging task (ie, faster RT
in the 12-item condition). To understand this, we investigated
RTs in 12-item and 4-item conditions in both groups. As
expected, the 2 groups showed the same level of RT in the
12-item condition (non-CI vs non-MS: 1030.22 [24.09] ms vs
1022.23 [30.66] ms, P=0.84), but a slower RT was found in the
non-CI group in the 4-item condition (non-CI vs non-MS:
854.37 [19.42] ms vs 814.89 [23.87] ms, P=0.23). The slower
RT in the 4-item condition, to some extent, explained the
numerically lower Boxed distraction cost in the non-CI group.
No significant difference between the 3 groups was discovered
for the SAAT RT (F (2,66)=0.42, P=.65) or Spatial Span (F
(2,66)=0.62, P=.54). The results suggest that the ACE Boxed
module can identify group-level differences between CI
participants with MS, non-CI participants with MS, and non-MS
participants.

Figure 5. Group differences between CI, non-CI participants with MS and non-MS participants. Error bars represent SE.**P≦.001; *P≦.05. CI:
cognitive impairment; MS: multiple sclerosis; RT: reaction time.

Discussion

Principal Findings
In this study, we aimed to determine whether a digital cognitive
assessment battery (ie, ACE) could be used to evaluate cognitive
function in adults with MS with and without CI. We found a
significant correlational association between ACE metrics and
standard cognitive measures. When age, sex, years of education,
and the BRT were considered as covariates, only correlations
between the SDMT score and the Boxed RT as well as the

Boxed distraction cost remained significant. Specifically, the
ACE Boxed module, a task measuring visual search performance
and attention [38], showed the strongest correlation with the
SDMT and could identify group-level differences between adults
with MS with and without CI, as well as adults without MS.
Altogether, these results provide preliminary evidence that ACE,
a tablet-based cognitive assessment battery, provides modules
that could potentially serve as an unsupervised cognitive
assessment for people with MS.
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Correlational links between standard measures and ACE
measures were discovered. Specifically, we noted significant
correlations between higher SDMT scores and faster Boxed and
SAAT RTs, lower Boxed distraction costs, and higher Spatial
Span. The significant correlations between SDMT and Boxed
measures in all participants (including both non-MS and MS)
indicate that this ACE module is a potential cognitive assessment
tool, and the results stand alone when only participants with
MS are considered. Moreover, an exploratory simple linear
regression analysis revealed a moderate R-squared value of
0.33, indicated that 33% of the total variation in the SDMT
score can be explained by the Boxed RT. These findings
partially support relative consequence theory [30-32], which
postulates that a change in the information processing speed is
a key deficit underlying cognitive dysfunction in MS [27-30].
However, a clear causal relationship between information
processing speed and high-level cognitive performance cannot
be concluded with the current results. Of note, when age, sex,
years of education, and the BRT were considered as covariates,
only correlations between the SDMT score and the Boxed RT
and Boxed distraction cost remained significant. Boxed is a
visual search task that requires participants to search for a
specific target, filter out distractors, and provide a response. To
some extent, the task structure and the domains of cognitive
function being challenged are similar to those of the SDMT, in
which participants are asked to substitute geometric symbols
for numbers (make a response) while scanning a response key
(search and filter out distractors). The similarity of the cognitive
function subserving the 2 tasks may explain the consistent
correlation between SDMT scores and Boxed performance. In
contrast, the cognitive domains mainly being challenged in
SAAT and Spatial Span are attention control and working
memory, respectively, which are less similar to what is being
challenged during an SDMT test. These different cognitive
domains could have been affected differently by factors such
as age, sex, and years of education, which could explain the
marginally significant correlation revealed between the SDMT
and performance in SAAT and Spatial Span when controlling
for these factors.

Participants with MS with a higher PASAT score demonstrated
a faster Boxed RT and better Spatial Span. PASAT is a test
involving information processing, attention, and short-term
maintenance and manipulation of information [36]. These
associations were expected, as the Boxed module is designed
to assess attention and information processing speed, and Spatial
Span mainly contains the cognitive component of holding
information in mind.

In addition to showing the correlational association between a
subset of modules of ACE and standard cognitive measures,
we further demonstrated that ACE could differentiate CI in
adults with and without MS, as indicated by a significantly
slower Boxed RT and the higher attention cost in CI compared
to both non-CI participants with MS and non-MS participants.
Of note, performance on SAAT and Spatial Span was not
significantly different among the 3 groups. Compared to SAAT
and Spatial Span, which only challenge 1 or 2 cognitive
domains, Boxed is a task that is more complicated and requires
more underlying cognitive resources to reach the task goal.

Since there is large interindividual variability in the pattern of
CI in MS [42,43], it is possible that a complex task requires
more executive control and may be a more sensitive tool to
capture cognitive dysfunction in participants with MS compared
to tasks that challenge only 1 or 2 aspects of cognitive function.
These results support our hypotheses that there are correlational
links between performance in standard cognitive measures for
MS and ACE modules. In addition, as a digital tool in assessing
cognitive function in MS, at least 1 ACE module has the
capacity to differentiate group-level differences among CI and
non-CI MS participants and non-MS participants.

With the advances in digital technology, the assessment and
treatment for people with MS have adopted digital platforms
[44], which when used in the home can substantially improve
accessibility to cognitive remediation programs. Recently, we
demonstrated that in-game navigation features of an
unsupervised, digital video game–based digital therapeutic could
represent a novel and sensitive way to perform cognitive
evaluations in MS [34]. The current results further support the
use of a digital platform for cognitive assessment in MS. The
built-in adaptive algorithms, which modulate task difficulty
based on individual performance, reduce interindividual
variability, which is usually a concern for cognitive assessments
[45,46]. Since ACE is a self-guided digital assessment tool, it
has the potential to be used in different settings (eg, at home or
in the clinic). Future studies evaluating how ACE performance
fluctuates during a day and whether the results would be affected
by different testing environments are warranted. Moreover,
since each ACE module is designed to challenge specific
cognitive components, baseline ACE subtest scores could be
useful to inform personalized cognitive training targets. For
instance, for a participant with a low-grade score in Spatial Span
and a high score in SAAT, the prescribed cognitive training
approaches may place great emphasis on working memory rather
than attentional control. Studies with a larger sample size or
administering ACE as an outcome measure to capture the effect
of a cognitive intervention are also needed to provide more
information about how the ACE battery can reflect the patient’s
and the caregiver’s real-life experience and to better translate
the subtest scores to a meaningful treatment target.

Limitations
Among the limitations of this study, the relatively small sample
size and lack of multiple points of data collection at baseline
made it difficult to draw a definitive conclusion with respect
to the test validity and test-retest reliability of the ACE battery
in people with MS. Related to this, given the predominately
White participants in the study, particularly those with CI, the
potential influence of racial and ethnicity on the results could
not be fully excluded. Participants with severe CI were excluded
from the study. Although the severity of CI can vary from mild
to quite severe in MS patients, it has been reported that the
majority (771/1014, 76.03%) of patients experience mild
(340/771, 33.7%) to moderate (431/771, 42.7%) cognitive
disturbance [47]. Since the application of the ACE program in
clinical settings is still at an early stage, we planned to start with
patients without severe CI to reduce the heterogeneity of the
sample. Future studies with a broader range of CI are needed
to investigate how the ACE tool performs when applied to
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participants with severe CI. Furthermore, the results of the
exploratory simple linear regression analysis should be taken
with caution, given the sample size does not have adequate
power to provide a rigorous predictive model. Future studies
with a larger sample size are warranted for a better predictive
model development. Finally, experience with using digital tools
may be confounding factors that can impact the results where
participants with more experience in using digital tools may
have performed better in this study. Future studies investigating
digital assessments should control for participants’ skills in
using digital devices.

Conclusion
In summary, this study suggests that a tablet-based adaptive
cognitive battery could be used to perform cognitive assessments
in MS. As noted previously [20,34], the high adherence rate
indicated that this remote, home-based health care strategy is
well accepted by patients with MS, who may have limited access
to cognitive assessment or treatment. Since CI poses major
limitations to patients with MS, the current findings open up
new paths to deploying digital cognitive tests for MS.

 

Acknowledgments
We would like to thank our research participants. This work was supported by the Doris Duke Charitable Foundation and Akili
Interactive.

Conflicts of Interest
RB received research support from the National Multiple Sclerosis Society, the Hilton Foundation, the California Initiative to
Advance Precision Medicine, the Sherak Foundation, and Akili Interactive. RB also received personal compensation for consulting
from Alexion, Biogen, EMR Serono, Novartis, Pear Therapeutics, Roche Genentech, and Sanofi Genzyme. AG is cofounder,
shareholder, board member, and advisor for Akili Interactive Labs, a company that manufactures investigational digital treatments
delivered through a video game–like interface.

References
1. Achiron A, Barak Y. Cognitive impairment in probable multiple sclerosis. J Neurol Neurosurg Psychiatry 2003

Apr;74(4):443-446 [FREE Full text] [doi: 10.1136/jnnp.74.4.443] [Medline: 12640060]
2. Rogers JM, Panegyres PK. Cognitive impairment in multiple sclerosis: evidence-based analysis and recommendations. J

Clin Neurosci 2007 Oct;14(10):919-927. [doi: 10.1016/j.jocn.2007.02.006] [Medline: 17659875]
3. Hoffmann S, Tittgemeyer M, von Cramon DY. Cognitive impairment in multiple sclerosis. Curr Opin Neurol 2007

Jun;20(3):275-280. [doi: 10.1097/WCO.0b013e32810c8e87] [Medline: 17495620]
4. Rao SM, Leo GJ, Bernardin L, Unverzagt F. Cognitive dysfunction in multiple sclerosis. I. Frequency, patterns, and

prediction. Neurology 1991 May;41(5):685-691. [doi: 10.1212/wnl.41.5.685] [Medline: 2027484]
5. Rae-Grant A, Bennett A, Sanders AE, Phipps M, Cheng E, Bever C. Quality improvement in neurology: multiple sclerosis

quality measures; executive summary. Neurology 2015 Nov 24;85(21):1904-1908 [FREE Full text] [doi:
10.1212/WNL.0000000000001965] [Medline: 26333795]

6. Sliwinski MJ, Mogle JA, Hyun J, Munoz E, Smyth JM, Lipton RB. Reliability and validity of ambulatory cognitive
assessments. Assessment 2018 Jan;25(1):14-30 [FREE Full text] [doi: 10.1177/1073191116643164] [Medline: 27084835]

7. Anguera JA, Brandes-Aitken AN, Antovich AD, Rolle CE, Desai SS, Marco EJ. A pilot study to determine the feasibility
of enhancing cognitive abilities in children with sensory processing dysfunction. PLoS ONE 2017;12(4):e0172616 [FREE
Full text] [doi: 10.1371/journal.pone.0172616] [Medline: 28380008]

8. Anguera JA, Brandes-Aitken AN, Rolle CE, Skinner SN, Desai SS, Bower JD, et al. Characterizing cognitive control
abilities in children with 16p11.2 deletion using adaptive 'video game' technology: a pilot study. Transl Psychiatry 2016
Sep 20;6(9):e893 [FREE Full text] [doi: 10.1038/tp.2016.178] [Medline: 27648915]

9. Anguera JA, Gunning FM, Areán PA. Improving late life depression and cognitive control through the use of therapeutic
video game technology: a proof-of-concept randomized trial. Depress Anxiety 2017 Jun;34(6):508-517 [FREE Full text]
[doi: 10.1002/da.22588] [Medline: 28052513]

10. Anguera JA, Jordan JT, Castaneda D, Gazzaley A, Areán PA. Conducting a fully mobile and randomised clinical trial for
depression: access, engagement and expense. BMJ Innov 2016 Jan;2(1):14-21 [FREE Full text] [doi:
10.1136/bmjinnov-2015-000098] [Medline: 27019745]

11. Arean PA, Hallgren KA, Jordan JT, Gazzaley A, Atkins DC, Heagerty PJ, et al. The use and effectiveness of mobile apps
for depression: results from a fully remote clinical trial. J Med Internet Res 2016 Dec 20;18(12):e330 [FREE Full text]
[doi: 10.2196/jmir.6482] [Medline: 27998876]

12. Areàn PA, Hoa Ly K, Andersson G. Mobile technology for mental health assessment. Dialogues Clin Neurosci 2016
Jun;18(2):163-169 [FREE Full text] [Medline: 27489456]

13. Charvet LE, Yang J, Shaw MT, Sherman K, Haider L, Xu J, et al. Cognitive function in multiple sclerosis improves with
telerehabilitation: results from a randomized controlled trial. PLoS ONE 2017 May 11;12(5):e0177177 [FREE Full text]
[doi: 10.1371/journal.pone.0177177] [Medline: 28493924]

J Med Internet Res 2021 | vol. 23 | iss. 12 | e25748 | p.917https://www.jmir.org/2021/12/e25748
(page number not for citation purposes)

Hsu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jnnp.bmj.com/lookup/pmidlookup?view=long&pmid=12640060
http://dx.doi.org/10.1136/jnnp.74.4.443
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12640060&dopt=Abstract
http://dx.doi.org/10.1016/j.jocn.2007.02.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17659875&dopt=Abstract
http://dx.doi.org/10.1097/WCO.0b013e32810c8e87
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17495620&dopt=Abstract
http://dx.doi.org/10.1212/wnl.41.5.685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2027484&dopt=Abstract
http://europepmc.org/abstract/MED/26333795
http://dx.doi.org/10.1212/WNL.0000000000001965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26333795&dopt=Abstract
http://europepmc.org/abstract/MED/27084835
http://dx.doi.org/10.1177/1073191116643164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27084835&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0172616
https://dx.plos.org/10.1371/journal.pone.0172616
http://dx.doi.org/10.1371/journal.pone.0172616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28380008&dopt=Abstract
https://doi.org/10.1038/tp.2016.178
http://dx.doi.org/10.1038/tp.2016.178
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27648915&dopt=Abstract
http://europepmc.org/abstract/MED/28052513
http://dx.doi.org/10.1002/da.22588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28052513&dopt=Abstract
http://europepmc.org/abstract/MED/27019745
http://dx.doi.org/10.1136/bmjinnov-2015-000098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27019745&dopt=Abstract
https://www.jmir.org/2016/12/e330/
http://dx.doi.org/10.2196/jmir.6482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27998876&dopt=Abstract
http://europepmc.org/abstract/MED/27489456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27489456&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0177177
http://dx.doi.org/10.1371/journal.pone.0177177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28493924&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


14. Davis NO, Bower J, Kollins SH. Proof-of-concept study of an at-home, engaging, digital intervention for pediatric ADHD.
PLoS ONE 2018;13(1):e0189749 [FREE Full text] [doi: 10.1371/journal.pone.0189749] [Medline: 29324745]

15. Hackett K, Krikorian R, Giovannetti T, Melendez-Cabrero J, Rahman A, Caesar EE, et al. Utility of the NIH Toolbox for
assessment of prodromal Alzheimer's disease and dementia. Alzheimers Dement (Amst) 2018;10:764-772 [FREE Full text]
[doi: 10.1016/j.dadm.2018.10.002] [Medline: 30505926]

16. Tsoy E, Erlhoff SJ, Goode CA, Dorsman KA, Kanjanapong S, Lindbergh CA, et al. BHA-CS: a novel cognitive composite
for Alzheimer's disease and related disorders. Alzheimers Dement (Amst) 2020;12(1):e12042 [FREE Full text] [doi:
10.1002/dad2.12042] [Medline: 32582835]

17. Reijs BLR, Ramakers IHGB, Köhler S, Teunissen CE, Koel-Simmelink M, Nathan PJ, et al. Memory correlates of Alzheimer's
disease cerebrospinal fluid markers: a longitudinal cohort study. J Alzheimers Dis 2017;60(3):1119-1128. [doi:
10.3233/JAD-160766] [Medline: 28984585]

18. Kim HS, An YM, Kwon JS, Shin M. A preliminary validity study of the cambridge neuropsychological test automated
battery for the assessment of executive function in schizophrenia and bipolar disorder. Psychiatry Investig 2014
Oct;11(4):394-401 [FREE Full text] [doi: 10.4306/pi.2014.11.4.394] [Medline: 25395970]

19. Levaux M, Potvin S, Sepehry AA, Sablier J, Mendrek A, Stip E. Computerized assessment of cognition in schizophrenia:
promises and pitfalls of CANTAB. Eur Psychiatry 2007 Mar;22(2):104-115. [doi: 10.1016/j.eurpsy.2006.11.004] [Medline:
17227707]

20. Bove RM, Rush G, Zhao C, Rowles W, Garcha P, Morrissey J, et al. A videogame-based digital therapeutic to improve
processing speed in people with multiple sclerosis: a feasibility study. Neurol Ther 2019 Jun;8(1):135-145 [FREE Full text]
[doi: 10.1007/s40120-018-0121-0] [Medline: 30506301]

21. Khaligh-Razavi S, Sadeghi M, Khanbagi M, Kalafatis C, Nabavi SM. A self-administered, artificial intelligence (AI)
platform for cognitive assessment in multiple sclerosis (MS). BMC Neurol 2020 May 18;20(1):193 [FREE Full text] [doi:
10.1186/s12883-020-01736-x] [Medline: 32423386]

22. Middleton RM, Pearson OR, Ingram G, Craig EM, Rodgers WJ, Downing-Wood H, UK MS Register Research Group. A
rapid electronic cognitive assessment measure for multiple sclerosis: validation of cognitive reaction, an electronic version
of the Symbol Digit Modalities Test. J Med Internet Res 2020 Sep 23;22(9):e18234 [FREE Full text] [doi: 10.2196/18234]
[Medline: 32965240]

23. Rudick RA, Miller D, Bethoux F, Rao SM, Lee J, Stough D, et al. The Multiple Sclerosis Performance Test (MSPT): an
iPad-based disability assessment tool. J Vis Exp 2014 Jun 30(88):e51318 [FREE Full text] [doi: 10.3791/51318] [Medline:
25046650]

24. Younger J, O'Laughlin K, Anguera J, Bunge S, Ferrer E, Hoeft F, et al. Development of Executive Function in Middle
Childhood: A Large-Scale, In-School, Longitudinal Investigation. 2021 Apr 20. URL: https://psyarxiv.com/xf489/ [accessed
2021-04-20]

25. Benedict RH, DeLuca J, Phillips G, LaRocca N, Hudson LD, Rudick R, Multiple Sclerosis Outcome Assessments Consortium.
Validity of the Symbol Digit Modalities Test as a cognition performance outcome measure for multiple sclerosis. Mult
Scler 2017 Apr 16;23(5):721-733 [FREE Full text] [doi: 10.1177/1352458517690821] [Medline: 28206827]

26. Parmenter BA, Weinstock-Guttman B, Garg N, Munschauer F, Benedict RHB. Screening for cognitive impairment in
multiple sclerosis using the Symbol Digit Modalities Test. Mult Scler 2007 Jan;13(1):52-57. [doi:
10.1177/1352458506070750] [Medline: 17294611]

27. Denney DR, Lynch SG. The impact of multiple sclerosis on patients' performance on the Stroop Test: processing speed
versus interference. J Int Neuropsychol Soc 2009 May;15(3):451-458. [doi: 10.1017/S1355617709090730] [Medline:
19402931]

28. Drew MA, Starkey NJ, Isler RB. Examining the link between information processing speed and executive functioning in
multiple sclerosis. Arch Clin Neuropsychol 2009 Feb;24(1):47-58. [doi: 10.1093/arclin/acp007] [Medline: 19395356]

29. Genova HM, DeLuca J, Chiaravalloti N, Wylie G. The relationship between executive functioning, processing speed, and
white matter integrity in multiple sclerosis. J Clin Exp Neuropsychol 2013;35(6):631-641 [FREE Full text] [doi:
10.1080/13803395.2013.806649] [Medline: 23777468]

30. Owens EM, Denney DR, Lynch SG. Difficulties in planning among patients with multiple sclerosis: a relative consequence
of deficits in information processing speed. J Int Neuropsychol Soc 2013 May;19(5):613-620. [doi:
10.1017/S1355617713000155] [Medline: 23425634]

31. DeLuca J, Chelune GJ, Tulsky DS, Lengenfelder J, Chiaravalloti ND. Is speed of processing or working memory the primary
information processing deficit in multiple sclerosis? J Clin Exp Neuropsychol 2004 Jun;26(4):550-562. [doi:
10.1080/13803390490496641] [Medline: 15512942]

32. Forn C, Belenguer A, Parcet-Ibars MA, Avila C. Information-processing speed is the primary deficit underlying the poor
performance of multiple sclerosis patients in the Paced Auditory Serial Addition Test (PASAT). J Clin Exp Neuropsychol
2008 Oct;30(7):789-796. [doi: 10.1080/13803390701779560] [Medline: 18608672]

33. Polman CH, Reingold SC, Banwell B, Clanet M, Cohen JA, Filippi M, et al. Diagnostic criteria for multiple sclerosis: 2010
revisions to the McDonald criteria. Ann Neurol 2011 Feb;69(2):292-302 [FREE Full text] [doi: 10.1002/ana.22366] [Medline:
21387374]

J Med Internet Res 2021 | vol. 23 | iss. 12 | e25748 | p.918https://www.jmir.org/2021/12/e25748
(page number not for citation purposes)

Hsu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.plos.org/10.1371/journal.pone.0189749
http://dx.doi.org/10.1371/journal.pone.0189749
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29324745&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2352-8729(18)30070-8
http://dx.doi.org/10.1016/j.dadm.2018.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30505926&dopt=Abstract
http://europepmc.org/abstract/MED/32582835
http://dx.doi.org/10.1002/dad2.12042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32582835&dopt=Abstract
http://dx.doi.org/10.3233/JAD-160766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28984585&dopt=Abstract
http://psychiatryinvestigation.org/journal/view.php?doi=10.4306/pi.2014.11.4.394
http://dx.doi.org/10.4306/pi.2014.11.4.394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25395970&dopt=Abstract
http://dx.doi.org/10.1016/j.eurpsy.2006.11.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17227707&dopt=Abstract
http://europepmc.org/abstract/MED/30506301
http://dx.doi.org/10.1007/s40120-018-0121-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30506301&dopt=Abstract
https://bmcneurol.biomedcentral.com/articles/10.1186/s12883-020-01736-x
http://dx.doi.org/10.1186/s12883-020-01736-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32423386&dopt=Abstract
https://www.jmir.org/2020/9/e18234/
http://dx.doi.org/10.2196/18234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32965240&dopt=Abstract
http://europepmc.org/abstract/MED/25046650
http://dx.doi.org/10.3791/51318
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25046650&dopt=Abstract
https://psyarxiv.com/xf489/
https://journals.sagepub.com/doi/10.1177/1352458517690821?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/1352458517690821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28206827&dopt=Abstract
http://dx.doi.org/10.1177/1352458506070750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17294611&dopt=Abstract
http://dx.doi.org/10.1017/S1355617709090730
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19402931&dopt=Abstract
http://dx.doi.org/10.1093/arclin/acp007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19395356&dopt=Abstract
http://europepmc.org/abstract/MED/23777468
http://dx.doi.org/10.1080/13803395.2013.806649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23777468&dopt=Abstract
http://dx.doi.org/10.1017/S1355617713000155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23425634&dopt=Abstract
http://dx.doi.org/10.1080/13803390490496641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15512942&dopt=Abstract
http://dx.doi.org/10.1080/13803390701779560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18608672&dopt=Abstract
https://doi.org/10.1002/ana.22366
http://dx.doi.org/10.1002/ana.22366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21387374&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


34. Bove R, Rowles W, Zhao C, Anderson A, Friedman S, Langdon D, et al. A novel in-home digital treatment to improve
processing speed in people with multiple sclerosis: a pilot study. Mult Scler 2021 Apr 25;27(5):778-789. [doi:
10.1177/1352458520930371] [Medline: 32584155]

35. Hsu W, Rowles W, Anguera JA, Zhao C, Anderson A, Alexander A, et al. Application of an adaptive, digital, game-based
approach for cognitive assessment in multiple sclerosis: observational study. J Med Internet Res 2021 Jan 27;23(1):e27440
[FREE Full text] [doi: 10.2196/27440] [Medline: 33502997]

36. Gronwall DM. Paced auditory serial-addition task: a measure of recovery from concussion. Percept Mot Skills 1977
Apr;44(2):367-373. [doi: 10.2466/pms.1977.44.2.367] [Medline: 866038]

37. Anguera JA, Boccanfuso J, Rintoul JL, Al-Hashimi O, Faraji F, Janowich J, et al. Video game training enhances cognitive
control in older adults. Nature 2013 Sep 05;501(7465):97-101 [FREE Full text] [doi: 10.1038/nature12486] [Medline:
24005416]

38. Treisman AM, Gelade G. A feature-integration theory of attention. Cogn Psychol 1980 Jan;12(1):97-136. [doi:
10.1016/0010-0285(80)90005-5] [Medline: 7351125]

39. Leark RA, Dupuy TR, Greenberg LM, Corman CL, Kindschi C. T.O.V.A. Test of Variables of Attention Professional
Manual. Los Alamitos, CA: Universal Attention Disorders; 1999.

40. Berch DB, Krikorian R, Huha EM. The Corsi block-tapping task: methodological and theoretical considerations. Brain
Cogn 1998 Dec;38(3):317-338. [doi: 10.1006/brcg.1998.1039] [Medline: 9841789]

41. Kiely KM, Butterworth P, Watson N, Wooden M. The Symbol Digit Modalities Test: normative data from a large nationally
representative sample of Australians. Arch Clin Neuropsychol 2014 Dec;29(8):767-775. [doi: 10.1093/arclin/acu055]
[Medline: 25352087]

42. Bobholz JA, Rao SM. Cognitive dysfunction in multiple sclerosis: a review of recent developments. Curr Opin Neurol
2003 Jun;16(3):283-288. [doi: 10.1097/01.wco.0000073928.19076.84] [Medline: 12858063]

43. Langdon DW. Cognition in multiple sclerosis. Curr Opin Neurol 2011 Jun;24(3):244-249. [doi:
10.1097/WCO.0b013e328346a43b] [Medline: 21519256]

44. Hoang P, Schoene D, Gandevia S, Smith S, Lord SR. Effects of a home-based step training programme on balance, stepping,
cognition and functional performance in people with multiple sclerosis: a randomized controlled trial. Mult Scler 2016
Jan;22(1):94-103. [doi: 10.1177/1352458515579442] [Medline: 25921035]

45. Castellanos FX, Sonuga-Barke EJS, Scheres A, Di Martino A, Hyde C, Walters JR. Varieties of attention-deficit/hyperactivity
disorder-related intra-individual variability. Biol Psychiatry 2005 Jun 01;57(11):1416-1423 [FREE Full text] [doi:
10.1016/j.biopsych.2004.12.005] [Medline: 15950016]

46. Hetherington CR, Stuss DT, Finlayson MA. Reaction time and variability 5 and 10 years after traumatic brain injury. Brain
Inj 1996 Jul;10(7):473-486. [doi: 10.1080/026990596124197] [Medline: 8806008]

47. Harel Y, Kalron A, Menascu S, Magalashvili D, Dolev M, Doniger G, et al. Cognitive function in multiple sclerosis: a
long-term look on the bright side. PLoS ONE 2019;14(8):e0221784 [FREE Full text] [doi: 10.1371/journal.pone.0221784]
[Medline: 31465498]

Abbreviations
ACE: Adaptive Cognitive Evaluation
BRT: basic reaction time
CI: cognitive impairment
MS: multiple sclerosis
PASAT: Paced Auditory Serial Addition Test
RT: reaction time
SAAT: Sustained Attention ACE Task
SDMT: Symbol Digit Modalities Test
TOVA: Tests of Variables of Attention
UCSF: University of California, San Francisco

Edited by G Eysenbach; submitted 13.11.20; peer-reviewed by A Wright, A Mendez, S Kollins, V Horner; comments to author 13.01.21;
revised version received 29.01.21; accepted 16.11.21; published 30.12.21.

Please cite as:
Hsu WY, Rowles W, Anguera JA, Anderson A, Younger JW, Friedman S, Gazzaley A, Bove R
Assessing Cognitive Function in Multiple Sclerosis With Digital Tools: Observational Study
J Med Internet Res 2021;23(12):e25748
URL: https://www.jmir.org/2021/12/e25748 
doi:10.2196/25748
PMID:

J Med Internet Res 2021 | vol. 23 | iss. 12 | e25748 | p.919https://www.jmir.org/2021/12/e25748
(page number not for citation purposes)

Hsu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1177/1352458520930371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32584155&dopt=Abstract
https://www.jmir.org/2021/1/e27440/
http://dx.doi.org/10.2196/27440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33502997&dopt=Abstract
http://dx.doi.org/10.2466/pms.1977.44.2.367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=866038&dopt=Abstract
http://europepmc.org/abstract/MED/24005416
http://dx.doi.org/10.1038/nature12486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24005416&dopt=Abstract
http://dx.doi.org/10.1016/0010-0285(80)90005-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7351125&dopt=Abstract
http://dx.doi.org/10.1006/brcg.1998.1039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9841789&dopt=Abstract
http://dx.doi.org/10.1093/arclin/acu055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25352087&dopt=Abstract
http://dx.doi.org/10.1097/01.wco.0000073928.19076.84
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12858063&dopt=Abstract
http://dx.doi.org/10.1097/WCO.0b013e328346a43b
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21519256&dopt=Abstract
http://dx.doi.org/10.1177/1352458515579442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25921035&dopt=Abstract
http://europepmc.org/abstract/MED/15950016
http://dx.doi.org/10.1016/j.biopsych.2004.12.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15950016&dopt=Abstract
http://dx.doi.org/10.1080/026990596124197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8806008&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0221784
http://dx.doi.org/10.1371/journal.pone.0221784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31465498&dopt=Abstract
https://www.jmir.org/2021/12/e25748
http://dx.doi.org/10.2196/25748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Wan-Yu Hsu, William Rowles, Joaquin A Anguera, Annika Anderson, Jessica W Younger, Samuel Friedman, Adam Gazzaley,
Riley Bove. Originally published in the Journal of Medical Internet Research (https://www.jmir.org), 30.12.2021. This is an
open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete bibliographic
information, a link to the original publication on https://www.jmir.org/, as well as this copyright and license information must
be included.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e25748 | p.920https://www.jmir.org/2021/12/e25748
(page number not for citation purposes)

Hsu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Evaluating Course Completion, Appropriateness, and Burden in
the Understanding Multiple Sclerosis Massive Open Online
Course: Cohort Study

Suzi B Claflin1, PhD; Julie A Campbell1, PhD; Kathleen Doherty2, PhD; Maree Farrow2, PhD; Barnabas Bessing1,

MA; Bruce V Taylor1, MD
1Menzies Institute for Medical Research, University of Tasmania, Hobart, Australia
2Wicking Dementia Research and Education Centre, University of Tasmania, Hobart, Australia

Corresponding Author:
Suzi B Claflin, PhD
Menzies Institute for Medical Research
University of Tasmania
17 Liverpool Street
Hobart, 7000
Australia
Phone: 61 0362267728
Email: suzi.claflin@utas.edu.au

Abstract

Background: Massive open online course (MOOC) research is an emerging field; to date, most research in this area has focused
on participant engagement.

Objective: The aim of this study is to evaluate both participant engagement and measures of satisfaction, appropriateness, and
burden for a MOOC entitled Understanding Multiple Sclerosis (MS) among a cohort of 3518 international course participants.

Methods: We assessed the association of key outcomes with participant education level, MS status, caregiver status, sex, and
age using summary statistics, and 2-tailed t tests, and chi-square tests.

Results: Of the 3518 study participants, 928 (26.37%) were people living with MS. Among the 2590 participants not living
with MS, 862 (33.28%) identified as formal or informal caregivers. Our key findings were as follows: the course completion rate
among study participants was 67.17% (2363/3518); the course was well received, with 96.97% (1502/1549) of participants
satisfied, with an appropriate pitch and low burden (a mean of 2.2 hours engagement per week); people living with MS were less
likely than those not living with MS to complete the course; and people with a recent diagnosis of MS, caregivers, and participants
without a university education were more likely to apply the material by course completion.

Conclusions: The Understanding MS MOOC is fit for purpose; it presents information in a way that is readily understood by
course participants and is applicable in their lives.

(J Med Internet Res 2021;23(12):e21681)   doi:10.2196/21681

KEYWORDS

multiple sclerosis; massive open online course; health promotion; eHealth education; mobile phone

Introduction

Background
Massive open online course (MOOC) research is an emerging
field [1,2]. The work done to date has focused on participant
engagement, particularly course completion [3], which has
presented a challenge for MOOCs because MOOCs have a mean
5% to 15% completion rate [4]. Few studies have evaluated
course material appropriateness, participant satisfaction, and

reasons for noncompletion. Here, we contribute to this ongoing
conversation by evaluating the impact of education level,
multiple sclerosis (MS) status, caregiver status, sex, and age on
completion, satisfaction, perceived appropriateness, and burden
of a MOOC on MS.

MOOCs emerged internationally into the knowledge economy
in 2012, where they were heralded as a revolution that would
democratize education by offering high-quality courses for free
to anyone with access to an internet connection [5]. Since then,
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the number of MOOCs has rapidly increased; Class Central,
the largest MOOC aggregator website, listed more than 13,000
MOOCs from more than 900 universities in 2019 [6]. However,
despite the increased availability of MOOCS, these courses
have struggled to reach and retain underserved students in the
same numbers as their more privileged peers. As students from
more affluent areas are more likely to participate in and
complete MOOCs [7,8], MOOCs may exacerbate educational
inequalities by offering additional resources to populations that
also have access to a range of other educational opportunities.

Health and medicine MOOCs may encounter an additional
challenge because they are often developed for use by people
living with a health condition and their caregivers to address
information asymmetry between the medical profession (as the
suppliers) and people with health conditions and their caregivers
(as consumers) [9-11]. However, because health status is related
to socioeconomic status and education [12,13], people affected
by a health condition may be less likely to enroll and complete
a MOOC than those who are unaffected. Fortunately, previous
studies suggest that these challenges can be addressed
successfully. The Wicking Dementia Research and Education
Centre (WDREC) has developed a MOOC on dementia that
demonstrably improves knowledge of dementia in participants
with a wide range of educational attainment [14,15], indicating
that appropriately designed MOOCs can overcome some of
these barriers.

Using the WDREC MOOCs as a successful model of knowledge
dissemination, we have developed a free 6-week MOOC about
MS [16] to increase awareness and understanding of MS in the
MS community and interested laypeople. MS is a chronic
autoimmune disorder where the immune system attacks and
damages the central nervous system [17]. MS-related symptoms,
such as mobility impairment and fatigue, may make it difficult
for people living with MS to access traditional educational
offerings [18]. After a year of development in collaboration
with the MS community (eg, people with MS, carers, service
providers, health care providers, and researchers), the
Understanding MS MOOC was released in 2019 and had 2 open
enrollments in that year. It was well received by participants,
ranking first among the >2400 MOOCs released in 2019 based
on participant reviews [6,19].

Objective
In this study, we assessed the impact of the course on
information asymmetry in the MS community. In health care
(particularly in health services and health economics),
information asymmetry (or asymmetry of information) relates
to the difference in the information known by the consumer (eg,
the patient or a member of the public) and that known by the
producer or supplier, a health care professional [20]. In the
information age, the gap creating information asymmetry could
close if consumers can access appropriately pitched, validated,
and targeted information sources [21]. Therefore, to assess the
potential impact of the course on information asymmetry, we
explored the overall course completion rate, participant
satisfaction, perceived appropriateness and burden, and the
association between these outcomes and demographic and health
factors.

Methods

Overview
The data for this study were collected during the 2 enrollments
of the Understanding MS MOOC administered in 2019. The
course is free and available in English internationally on any
internet-connected device (eg, computer or smartphone; [22]).
Course content is presented in videos (transcripts are available
for all videos), text, images, and animations. The content is
presented in 6 modules over 6 weeks, and course participants
can access the material for a total of 8 weeks. Each module
contains at least 1 optional activity and discussion prompt. At
the end of each module is a summary of the module content and
a 10-question multiple-choice quiz. Participants can take the
quiz as many times as they like but must achieve a score of 70%
or higher to move on to the next module. The course covers
topics ranging from the underlying pathology of MS to its
impact on everyday life and includes both academic content
and lived experience videos from a range of MS community
members (for a more detailed description, refer to the study by
Claflin et al [16]).

An optional feedback survey was accessible in the completion
section during the 2- to 3-week period that the section was open
before course closure. Therefore, the survey was only available
to the participants who completed the course. We chose to place
the feedback survey in the completion section to ensure that all
survey respondents had completed the full intervention. An
analysis of reasons for noncompletion is underway in a separate
study. The feedback survey was adapted from a similar tool
used to assess a WDREC MOOC about dementia [14] and
queried participants’ overall satisfaction with the course and
various aspects of the course. With a few exceptions, the
questions in this survey were presented on a 5-point Likert scale,
ranging from very dissatisfied to very satisfied, or strongly
disagree to strongly agree and example survey questions are
available in the study by Claflin et al [16].

Small changes to the web-based content were made between
the 2 enrollments based on feedback from the first enrollment.
We added 3 short videos (<3 minutes each): 1 on exercise
physiology, 1 on physical therapy, and 1 on comorbidities. We
added a couple of paragraphs of text about disease-modifying
therapies and more clearly identified the activities in each
module. We also added 2 small interactive features to help
participants navigate through a series of short videos on
symptoms and risk factors.

The course was advertised widely through social media,
particularly through Facebook ads. Advertising targeted
anglophone countries. Information about the course was also
disseminated through the Menzies Institute network, as well as
that of our project partners, Multiple Sclerosis Limited and
WDREC, and other related organizations.

Participants in this study gave informed consent for their
course-collected data, including their course feedback survey,
to be used for research purposes in the introduction or
orientation section of the course before they had access to any
course content. This study was approved by the University of
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Tasmania Social Science Human Research Ethics Committee
(H0017892).

Demographic and Health Status Characteristics
This study evaluated 3 primary predictor variables for course
completion and course satisfaction: MS status, caregiver status,
and education level. These variables were of primary
importance, as education has been shown to affect course
completion in many MOOCs, and as a course intended for the
MS community and interested laypeople, the course can only
be considered fit for purpose if it is appropriate for people with
MS and their caregivers.

Participants self-reported demographic and health status
characteristics during course enrollment and in the feedback
survey. This includes self-identification with various roles in
the MS community. We categorized all participants into 2 MS
status groups, as people with MS or those not living with MS,
based on this information. We categorized people not living
with MS into 2 caregiver status groups: not caregivers and
caregivers, defined as anyone who identified as either a family
or friend of a person with MS or a caregiver, thereby
incorporating both formal and informal caregivers into a single
group.

Similarly, participants self-reported their education level as
grade 12 or below, occupational certificate or diploma,
undergraduate degree, or postgraduate degree. We then
categorized all participants into 2 education-level groups: no
university education (grade 12 or below and occupational
certificate or diploma) and university education (undergraduate
or postgraduate degree), following the methodology of Goldberg
et al [14].

Our secondary predictors were MS disease duration, sex, and
age, which were self-reported during course enrollment. We
calculated age from self-reported year of birth and calculated
MS disease duration from self-reported year of diagnosis.

Outcome Measures

Completion
We evaluated participant completion using course-collected
data and compared the completion rate with the average for
MOOCs, which is 5% to 15% [4]. We determined the course
completion and final course module using quiz attempts. Any
attempt to complete a quiz (whether or not the score was
sufficient to move on to the next module) was considered an
indication that the participant had completed the module. All
module 6 (final module) quiz attempts were considered an
indication of course completion. We assessed the association
between completion rate and demographic and health status
characteristics (MS status, caregiver status, education level, sex,
age, and disease duration).

Satisfaction, Perceived Appropriateness, and Burden
We evaluated satisfaction, perceived appropriateness, and
burden among course completers using data from the course
feedback survey.

Satisfaction was determined using 2 questions. The first was a
5-point Likert scale that asked about overall satisfaction with

the course. We categorized responses into 2 groups: satisfied
(satisfied or very satisfied) or not satisfied (neutral, dissatisfied,
or very dissatisfied). The second was a 6-point Likert scale that
asked about the overall course quality. We categorized responses
into 2 groups: average or below (average, poor, very poor), or
above average (good, very good, and excellent).

We evaluated the appropriateness and burden of the course with
questions querying (1) self-reported agreement that the
participant could understand the content, (2) that the language
was too technical, (3) that there was too much or too little
material, (4) that the course improved their understanding, (5)
that the material could improve care or quality of life for people
with MS, (6) that they would recommend the course, and (7)
that they had already applied course material in their lives.
Responses were categorized into 2 groups: agree (agree or
strongly agree) and disagree (neutral, disagree, or strongly
disagree). We also assessed the burden by comparing the
self-reported average time spent on a single course module
between groups.

Analysis
We cleaned the data set by removing any staff accounts and
removing the second attempts of any participant who took part
in both enrollments. During data cleaning, we designated ages
(based on self-reported year of birth) of <10 years or >95 years
as no data, as these values were deemed implausible. Similarly,
we excluded impossible or uninterpretable years of diagnosis
(eg, 1 or 1900).

As this data set was overpowered, there were many statistically
significant differences that were not of interest because they
were not reflective of materially significant differences between
groups. To account for this, we set a threshold of material
significance for comparisons between categorical variables,
which required a 5% difference between groups. We report the
results of these materially significant differences (all of which
are statistically significant). As age and disease duration were
continuous variables, we evaluated their effects on all outcomes
of interest. To determine whether the enrollments could be
evaluated together, we compared the outcomes of interest to
assess if there were any materially significant differences (>5%).

We assessed the demographics of study participants using the
sample size and percentage of the cohort for categorical
variables and mean and SD for continuous variables. We
assessed the association between the predictor variables on the
responses of interest and the relationships between the predictor
variables using 2-tailed chi-square and t tests. As disease
duration was not normally distributed, we evaluated its
association with the outcomes of interest using the
Mann-Whitney rank-sum tests of equal medians. We used
Pearson correlation to evaluate the association between the
average time taken to complete a module and participant age
and disease duration. In all analyses, statistical significance was
set at P<.05. All analyses were conducted using STATA (version
16.0, StataCorp).
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Results

Participant Characteristics
In total, 8324 people enrolled in the first 2 enrollments of the
Understanding MS MOOC, 3912 (46.99%) of whom completed
the course. After removing 52 second attempts, 3518 unique
participants across the 2 course enrollments gave permission
for their data to be used in research; 1549 consenting course
completers also completed a feedback survey (Figure 1).

Participant characteristics are presented in Table 1. Differences
between enrollments were <5% for the outcomes of interest.
Therefore, data from both enrollments were assessed together.

The majority of the participants were women and had an
undergraduate degree or higher education level (course data in
Table 1). Nearly two-thirds of the participants resided in
Australia, with other large anglophone countries with high MS
prevalence comprising the other most well-represented nations
in the sample (eg, Canada and New Zealand). Nearly a third of
the participants were people with MS. Of the 2096 course
participants not living with MS, 862 (41.12%) identified as
formal or informal (family or friends of people with MS)
caregivers.

Figure 1. Inclusion flowchart.
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Table 1. Characteristics of study participants who provided course-collected data and course completers who supplied feedback surveys. Please note

that participants could select multiple MSa community rolesb.

Feedback surveyCourse-collected dataCharacteristic

1412 (100)3492 (100)Gender, n (%)

227 (16.08)552 (15.81)Male

1185 (83.92)2940 (84.19)Female

1549 (100)2876 (100)Education level, n (%)

595 (38.41)1169 (40.65)No university education

954 (61.59)1707 (59.35)University education

1549 (100)3024 (100)MS community rolesc, n (%)

437 (28.21)928 (30.69)Person with MS

382 (24.66)664 (21.96)Family member or friend

139 (8.97)352 (11.64)Carer

92 (5.94)360 (11.9)Service provider

365 (23.56)815 (26.95)Allied health

41 (2.65)67 (2.22)General practitioner

18 (1.16)62 (2.05)Neurologist

44 (2.84)67 (2.22)Advocate

44 (2.84)123 (4.07)Researcher

321 (20.72)374 (12.37)Other or no MS community role

1417 (100)3509 (100)Country of residence, n (%)

907 (64.01)2180 (62.13)Australia

38 (2.68)100 (2.85)Canada

101 (7.13)255 (7.27)United Kingdom

44 (3.11)133 (3.79)Ireland

127 (8.72)277 (7.89)New Zealand

35 (2.47)106 (3.02)United States

27 (1.91)51 (1.45)South Africa

138 (9.74)407 (11.6)Other

—d3518 (100)Final section completed, n (%)

—620 (17.62)<Module 1

—251 (7.13)Module 1

—90 (2.59)Module 2

—74 (2.1)Module 3

—72 (2.05)Module 4

—48 (1.36)Module 5

—2363 (67.17)Module 6

46.78 (13.10)f44.38 (13.34)eAge (years), mean (SD)

5 (10)g4 (10)Disease duration (years), median (SD)

aMS: multiple sclerosis.
bAmong people with multiple sclerosis, approximately half of the participants who provided course-collected data and those who provided feedback
data had a disease duration of 4 years or less. Consequently, the distribution was highly skewed toward 0 years (diagnosis in 2019; Multimedia Appendix
1).
cMultiple selections possible.
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dNot available.
eN=3292.
fN=1330.
gN=401.

Completion
Of the 3518 course participants who gave permission for their
course-collected data to be used in research, 2363 (67.17%)
completed the course. There were significant differences in the

completion rate between MS status groups (χ2
1=36.8; P<.001;

Table 2). People with MS were less likely to complete the course
than those not living with MS (539/928, 58.08% compared with

1455/2096, 69.42%). People with MS completed an average of
3.9 modules while those not living with MS completed an
average of 4.5. This association was consistent across all course
modules, with people with MS less likely to complete module

1 (χ2
1=26.7; P<.001), module 2 (χ2

1=22.2; P<.001), module 3

(χ2
1=26.03; P<.001), module 4 (χ2

1=28.8; P<.001), and module

5 (χ2
1=27.9; P<.001).

Table 2. The percentage of participants completing the course, satisfied with the course, or agreeing with various statements about the course in the
course feedback survey in different participant groups, and the absolute difference between groups. Italicized values indicate materially significant
(>5%) differences between groups.

Course feedback survey data (%)Course
comple-
tion (%)

Participant
groups

Already
applied

Would
recom-
mend

Can im-
prove
quality
of life

Can im-
prove
care

Not
enough
material

Too
much
material

Lan-
guage
too tech-
nical

Could un-
derstand

Improved
under-
standing

Above av-
erage
quality

Satisfied

University education, n (%)

391
(66.95)

572
(98.28)

528
(90.26)

551
(94.03)

69
(11.82)

28
(4.79)

47
(8.06)

572
(97.28)

562
(96.1)

583
(98.31)

582
(97.82)

744
(63.64)

No

554
(61.15)

899
(96.98)

829
(89.72)

856
(92.04)

152
(16.34)

48
(5.17)

65
(6.96)

919
(98.08)

874
(93.6)

936
(98.42)

920
(96.44)

1162
(68.07)

Yes

5.80b1.300.541.984.530.371.100.802.490.111.384.43|x-y|a(%)

MSc status, n (%)

281
(66.59)

413
(96.72)

369
(87.03)

383
(89.07)

67
(15.55)

22
(5.14)

32
(7.44)

418
(96.76)

387
(89.79)

421 (97)420
(96.11)

539
(58.08)

People
with MS

664
(62.17)

1038
(97.78)

988
(91.06)

1024
(94.29)

154
(14.22)

54
(4.98)

80
(7.36)

1073
(98.17)

1049
(96.42)

1098
(98.92)

1082
(97.3)

1455
(69.42)

People
not living
with MS

4.421.064.035.22b1.330.160.081.416.62b1.911.1911.34b|x-y| (%)

Caregiver status, n (%)

388
(58.7)

654
(97.32)

610
(90.77)

630
(93.75)

101
(15.05)

33 (4.9)49
(7.25)

666
(98.09)

646
(95.99)

678
(98.55)

672
(97.39)

877
(71.07)

No

276
(67.81)

404
(98.54)

378
(91.53)

394
(95.17)

53
(12.86)

21
(5.12)

31
(7.54)

407
(98.31)

403
(97.11)

420
(99.53)

410
(97.16)

578
(67.05)

Yes

9.11b1.220.751.422.190.210.290.221.120.980.234.02|x-y| (%)

Sex, n (%)

728
(63.69)

1127
(97.41)

1043
(89.99)

1086
(93.38)

166
(14.27)

48
(4.13)

73
(6.28)

1150
(98.29)

1098
(94.33)

1166
(98.56)

1149
(96.96)

1985
(67.52)

Female

139
(64.65)

214
(97.72)

196
(90.74)

200
(91.74)

39
(17.73)

21
(9.63)

26
(11.76)

210
(95.02)

210
(95.45)

221
(98.22)

221
(97.36)

366
(66.30)

Male

0.960.360.751.643.455.51b5.48b3.271.120.340.391.21|x-y| (%)

a|x-y|: absolute difference between groups.
bMaterially significant difference level was set at >5%.
cMS: multiple sclerosis.
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To further explore this, we evaluated the completion rate among
participants who completed module 1 and found that the
difference between those living with MS and those not living
with MS shrank to about 6% (539/707, 76.24% compared with
1455/1762, 82.58%). This difference was maintained among
those who completed module 2. Among module 3 completers,
the difference between people with MS and those not living
with MS dropped below the threshold for material significance
and continued to decline in the remaining module completion
groups. There were no materially significant differences in

completion based on caregiver status, sex, or education level,
but age was significantly associated with completion. Course
completers were more likely to be older than noncompleters
(Table 3). However, the effect size was not large; the mean age
of completers was 45 years compared with 42 years for
noncompleters. Similarly, among people with MS, participants
with more recent diagnoses were less likely to complete the
course than those who had been living with MS for longer
periods (Table 3). However, the effect size was small (median
disease duration of 1 year compared with 2 years).

Table 3. Results of t tests, Mann-Whitney rank-sum tests of equal medians, and Pearson correlations evaluating the association between age and disease
duration, and all outcome variables.

Average hours to
complete 1 mod-

ulea

Course feedback survey dataCourse
comple-
tion

Participant
groups

P valueCoeffi-
cient

Al-
ready
ap-
plied

Would
recom-
mend

Can
im-
prove
quality
of life

Can
im-
prove
care

Not
enough
material

Too
much
material

Lan-
guage
too tech-
nical

Could
under-
stand

Im-
proved
under-
standing

Above
aver-
age
quality

Satis-
fied

.03b0.06Age

1.27
(1277)

−1.41
(1293)

0.42
(1292)

0.16
(1298)

2.38
(1301)

4.17
(1299)

4.55
(1301)

−0.52
(1308)

−1.55
(1304)

−0.32
(1325)

−0.052
(1328)

−6.26
(3290)

t test

—c.16.67.87.02b<.001b<.001b.60.12.75.60<.001bP value

.65−0.023Multiple sclerosis disease duration

3.0780.1580.8652.0272.3910.694−0.0830.2312.3490.551−0.304−2.154z

.002b.88.39.04b.02b.49.93.82.02b.59.77.03bP value

aEstimates from Pearson correlation.
bIndicate P values <.05.
cNot available.

Satisfaction, Perceived Appropriateness, and Burden
Overall, course completers were satisfied with the course, with
96.97% (1502/1549) of those completing the feedback survey
reporting that they were satisfied or very satisfied (Multimedia
Appendix 2). They also rated the quality of the course highly,
with 98.38% (1519/1544) rating it above average (good, very
good, or excellent). The pitch of the course appears appropriate,
with nearly all participants agreeing that they could understand
the information, that the course improved their understanding,
and that they would recommend the course.

Participants also found the material helpful, with 63.42%
(945/1490) reporting that they had applied information from
the course at course completion, and nearly all) agreed that the
information could improve care (1407/1516, 92.81%) or quality
of life (1357/1509, 89.93%) for people with MS. In addition,
the burden was low (average of 2.2 hours to complete a module).
Only 5.02% (76/1513) agreed that there was too much material,
whereas 14.6% (221/1514) agreed that there was too little
material.

There were few materially significant differences in the
responses of the demographic and health status groups (Table
2). People with MS were less likely to report improved

understanding because of the course material (χ2
1=26.2; P<.001)

and were less likely to agree that the course material could

improve care (χ2
1=12.6; P<.001). Among people not living with

MS, caregivers were more likely to report applying the course

material by course completion than noncaregivers (χ2
1=60.0;

P<.001).

University education was also associated with applying the
course material; participants with a university education were
less likely to report applying the course material at course

completion than those without one (χ2
1=5.2; P=.02). Sex was

significantly associated with agreement that the language in the

course was too technical (χ2
1=8.4; P=.004) and that there was

too much material (χ2
1=11.7; P<.001). Male participants were

more likely to agree with these statements than female
participants. However, there was no difference in the average
time spent per module between males and females.

Age was associated with several outcomes of interest (Table
3). Participants who agreed that there was too much material
in the course were more likely to be older (mean age of 47 years
compared with 40 years). Correspondingly, those who agreed
that there was not enough material were more likely to be
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younger. Participants who agreed that the language was too
technical were also more likely to be older. However, the effect
sizes for the latter 2 associations were small, with differences
in mean age between 2.5 and 3.5 in the 2 groups. Similarly,
increasing age was associated with a greater average number
of hours taken to complete a module, but the effect size was
small (coefficient=0.02; Table 3).

Among people with MS, disease duration was also associated
with several outcomes of interest (Table 3). People with MS
who agreed that the course had improved their understanding
were more likely to have a shorter disease duration than those
who did not (median disease duration of 1 year compared with
4 years). A total of 93.5% (172/184) of participants with disease
durations of ≤4 years reported improved understanding,
compared with 86.2% (181/210) of those with disease durations
of >4 years. Similarly, participants who reported that they had
applied information from the course by course completion were
more likely to be recently diagnosed (median of 1 year compared
with 3 years). A total of 73.9% (136/184) participants with a
disease duration of ≤4 years reported applying the course
material, compared with 58.9% (46/78) of the participants with
a disease duration >4 years.

Participants with more recent diagnoses were also more likely
to report that there was not enough material in the course than
those with older diagnoses (median disease duration of 1 year

compared with 2 years) and that the content of the course could
improve care for people with MS (median of 1 year compared
with 2 years), although the effect sizes of these comparisons
were small (1 year).

Associations Between Demographic and Health Status
Characteristics
Among course completers, education level was associated with
MS status, caregiver status, and sex (Table 4). People with MS
were less likely than participants not living with MS (230/437,
52.63% compared with 724/1112, 65.11%) to have a university
education. Among those not living with MS, caregivers were
less likely than noncaregivers (215/422, 50.95% compared with
509/690, 73.77%) to have a university education. Males were
more likely than females to have university education (158/227,
69.6%) compared with 61.01% (723/1185).

Age was significantly associated with caregiver status and
education level (Table 4). Participants who were caregivers
were more likely to be older than noncaregivers (mean age 50
years compared with 44 years). Similarly, participants without
a university education were more likely to be older than those
with a university education (mean of 50 years compared with
45 years). Among people with MS, MS disease duration was
not associated with sex or education level but was strongly
associated with age (Table 4).
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Table 4. Results of chi-square and t tests evaluating the associations between demographic and health status groups.

Age, coefficient

(P value)b
SexCaregiver statusMSa statusUniversity educationParticipant groups

YesNoPeople not liv-
ing with MS

People with
MS

YesNo

MS statusc, n (%)

——————d230 (52.63)207 (47.37)People with MS

——————724 (65.11)388 (34.89)People not living with
MS

Caregiver statuse, n (%)

——————509 (73.77)181 (26.23)No

——————215 (50.95)207 (49.05)Yes

Sexf, n (%)

——322 (38.56)513 (61.44)835 (70.46)350 (29.54)723 (61.01)462 (38.99)Female

——51 (32.28)107 (67.72)158 (69.60)69 (30.40)158 (69.60)69 (30.40)Male

Age

—0.93 (1323)—−7.15 (934)—−1.80 (1328)6.05 (1328)t test

—.35—<.001g—.07<.001gP value

Disease durationh

0.461−0.556————0.533z

<.001g.58————.59P value

aMS: multiple sclerosis.
bEstimates from Pearson correlation.
cχ2

1=20.6; P<.001
dNot available.
eχ2

1=60.03; P<.001
fUniversity education: χ2

1=5.99; P=.01; multiple sclerosis status: χ2
1=0.07; P=.80; caregiver status: χ2

1=2.2; P=.14
gIndicate P values <.05.
hAmong people with multiple sclerosis.

Discussion

Principal Findings
To our knowledge, the Understanding MS web-based course is
the largest MS-related web-based course in the world. To date,
more than 13,000 people from 128 countries have enrolled in
the course, and it was ranked first among the >2400 courses
released in 2019 based on participant reviews. Correspondingly,
we found that overall, the Understanding MS MOOC had a
completion rate that was more than 3 times higher than the
average for MOOCs and very high participant satisfaction.
However, there were materially significant differences in
participant experience among the different participant groups.
People with MS were less likely than those not living with MS
to complete the course. Although 63.42% (945/1490) of all
course completers reported applying the course material,
caregivers and those without a university education were more
likely to apply it. Overall, the Understanding MS MOOC is fit
for purpose, with an appropriate pitch and burden level, and
presents information that is relevant to participants’ lives. By

disseminating relevant content directly to information consumers
(people with MS, caregivers, and those without a university
education), the course addresses information asymmetry in the
MS community.

Completion
The first 2 open enrollments of the Understanding MS MOOC
had an average completion rate of 47% (data not presented
here). However, among study participants (the subset of all
course participants who consented to take part in this research),
there was a 67.17% (2363/3518) completion rate. This is 3-9
times higher than the average for all MOOCs, which fluctuates
between 5% and 15% [4]. Course completion was about 11%
higher among those not living with MS (539/928, 58.08%) than
among those with MS (1455/2096, 69.42%), driven by
noncompletion early in the course, particularly in module 1.
This may be because of the additional challenges faced by
people with MS that may interfere with their ability to complete
the course, including complications arising from MS-related
symptoms such as fatigue and cognitive impairment.
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In addition, course completion was about 4% higher among
participants with a university education (1162/1707, 68.07%)
than among those without (744/1169, 63.64%). Although this
difference is not materially significant, it is larger than other
similar courses, such as the Understanding Dementia MOOC
developed by WDREC [4], who observed a difference of 0.44%
between groups. This discrepancy may be because of the
underlying differences in the course participants. The
Understanding Dementia MOOC is intended primarily for
dementia carers rather than those living with dementia, whereas
the Understanding MS MOOC is aimed at a broad audience,
including people with the condition; 30.69% (928/3024) of this
sample comprised people with MS. People with MS were both
less likely to have completed university and less likely to
complete the Understanding MS MOOC. The difference in
completion between education levels may reflect the difference
in completion rate associated with MS status. The data support
the possibility that education level and health status interactively
affect completion. Among the study participants, people with
MS without a university education had the lowest completion
rate (250/450, 55.56%) of any MS status or education level
group. Conversely, people not living with MS who had a
university education had the highest completion rate (904/1278,
70.74%).

Satisfaction, Perceived Appropriateness, and Burden
Among course completers, satisfaction and perceived
appropriateness were high in all demographic and health status
groups, with >98% satisfied and ≥95% agreeing that they could
understand the course material. This agrees with previous work
on health and medicine MOOCs, which found >80% participant
satisfaction among allied health professionals (Harvey et al
2014 [13]) and members of the community (Tieman et al 2018
[23]). The course also presents a low burden for participants,
with participants reporting that the material took an average of
2.2 hours per week to complete. This is far lower than the
average 4.2 hours per week required by health and medicine
MOOCs [24].

Almost two-thirds of the course completers reported applying
course material by completion. However, there were significant
differences in the application of course materials between the
participant groups. People with MS who were newly diagnosed,
caregivers, and those without a university education were more
likely to report that they had applied the course material. Newly
diagnosed people with MS, who were also more likely to report
that the course improved their understanding, were well
positioned to apply the course material immediately. Among
people not living with MS, caregivers may be better positioned
to apply the material immediately. Again, the association
between caregiver status and education level, with caregivers
less likely to have a university education than noncaregivers,
may in part drive the observed association between education
level and application of course material. The data support this;
caregivers without a university education were the most likely

to report applying information by completion (140/201, 69.65%)
of any caregiver or education level group. Noncaregivers with
university education were least likely to report applying it
(279/483, 57.76%). However, this result also agrees with the
large body of work demonstrating that higher education levels
are associated with higher health literacy and better health
outcomes [13,25]. Participants with lower education levels may
have lower baseline health literacy and MS-related knowledge,
and therefore, learn more from the course.

Knowledge Dissemination to Address Information
Asymmetry
Health information is a valuable commodity. High-value health
care relies on effective information exchange [11], and better
information dissemination is needed to close the gap between
health information providers and information consumers [10].
This study demonstrates that participation in the Understanding
MS MOOC helps to address information asymmetry among
course completers. By course completion, participants
successfully translated information by applying it to their lives.
This is particularly clear among newly diagnosed people with
MS (disease duration of 0-4 years) and caregivers, who are the
most likely to apply the course material by completion (136/182,
74.73% and 276/407, 67.81%) reported applying course material
by completion, respectively). Recent research suggests that
services intended for caregivers need to be sensitive to the
fluctuating demands placed upon caregivers and be flexible in
their support [23]. This study shows that the Understanding MS
MOOC accommodates the needs of health information
consumers, such as newly diagnosed and caregivers, and can
help to address information asymmetry in the MS community.

Strengths, Limitations, and Future Directions
The main strength of this study is the large and diverse course
evaluation cohort. The study participants comprised an
international cohort of MS community members and interested
laypeople with a range of educational attainment. This study
had 2 main limitations. First, the analysis grouped formal and
informal carers. These groups may have different needs and
characteristics that we were unable to parse in this study.
Second, the course evaluation survey was only presented to
course completers, making the group vulnerable to selection
bias. Although we cannot control for this bias, we have
presented our results accordingly. Future research should explore
the impact of MS status on the reasons for noncompletion.

Conclusions
The Understanding MS MOOC is an accessible health education
intervention with a pitch and burden that is appropriate for
course participants. It presents information relevant to the lives
of the participants and can be immediately applied. Because a
large proportion of course participants identify with MS
community roles that are traditional consumers of information,
the results of this study suggest that the Understanding MS
courses can help to address information asymmetry.
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Abstract

Background: Unwarranted variability in clinical practice is a challenging problem in practice today, leading to poor outcomes
for patients and low-value care for providers, payers, and patients.

Objective: In this study, we introduced a novel tool, QualityIQ, and determined the extent to which it helps primary care
physicians to align care decisions with the latest best practices included in the Merit-Based Incentive Payment System (MIPS).

Methods: We developed the fully automated QualityIQ patient simulation platform with real-time evidence-based feedback
and gamified peer benchmarking. Each case included workup, diagnosis, and management questions with explicit evidence-based
scoring criteria. We recruited practicing primary care physicians across the United States into the study via the web and conducted
a cross-sectional study of clinical decisions among a national sample of primary care physicians, randomized to continuing medical
education (CME) and non-CME study arms. Physicians “cared” for 8 weekly cases that covered typical primary care scenarios.
We measured participation rates, changes in quality scores (including MIPS scores), self-reported practice change, and physician
satisfaction with the tool. The primary outcomes for this study were evidence-based care scores within each case, adherence to
MIPS measures, and variation in clinical decision-making among the primary care providers caring for the same patient.

Results: We found strong, scalable engagement with the tool, with 75% of participants (61 non-CME and 59 CME) completing
at least 6 of 8 total cases. We saw significant improvement in evidence-based clinical decisions across multiple conditions, such
as diabetes (+8.3%, P<.001) and osteoarthritis (+7.6%, P=.003) and with MIPS-related quality measures, such as diabetes eye
examinations (+22%, P<.001), depression screening (+11%, P<.001), and asthma medications (+33%, P<.001). Although the
CME availability did not increase enrollment in the study, participants who were offered CME credits were more likely to complete
at least 6 of the 8 cases.

Conclusions: Although CME availability did not prove to be important, the short, clinically detailed case simulations with
real-time feedback and gamified peer benchmarking did lead to significant improvements in evidence-based care decisions among
all practicing physicians.

Trial Registration: ClinicalTrials.gov NCT03800901; https://clinicaltrials.gov/ct2/show/NCT03800901

(J Med Internet Res 2021;23(12):e31042)   doi:10.2196/31042
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quality improvement; physician engagement; MIPS; case simulation; feedback; value-based care; care standardization; simulation;
gamification; medical education; continuing education; outcome; serious game; decision-support
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Introduction

Clinical practice variation is recognized as one of the most
challenging problems in current practice [1,2]. Unwarranted
variability in clinical practice has multiple root causes, starting
with the uneven recognition and application of medical
knowledge [3,4]. The sheer volume of new research, including
nearly 1.4 million papers (or 1 paper every 23 seconds) posted
to the National Library of Medicine’s PubMed database in 2019,
also makes it virtually impossible for busy practicing physicians
to keep their practice up to date [5]. Our own research shows
that even after case mix adjustment, practice variation within
the same practice is a significant problem, characterized by
standard deviations of approximately 10% [6-8]. The good news
is that when knowledge and practice gaps are closed, variability
declines, adoption of best practices accelerates, and patient
outcomes improve [9,10]. Conversely, failing to recognize and
address unwarranted variation has deleterious impacts on
quality, outcomes, and value [11-16].

The challenge of reducing unwarranted clinical variation has
been widely documented across care settings, clinical specialties,
Merit-Based Incentive Payment System (MIPS) measures, and
geographies. Easy solutions have been tried, including
Continuing Medical Education (CME) and maintenance of
certification (MOC), performance dashboards, and reminders;
however, success has been limited [17]. For example, the most
common forms of CME activities, ranging from printed
information to didactic presentations and formal conferences,
have shown relatively little impact on physician performance
[18]. Other engagement strategies, such as multimedia
approaches, multiple instructional techniques, repeated
exposures, and direct feedback on care decisions, have shown
better effectiveness but are difficult to scale and time-intensive
for participating physicians [19].

Research using a newer approach—timely feedback on
case-based decisions using validated case simulations—has
been shown to lead to significant changes in actual practice in
randomized controlled trials [6,20,21]. Another research stream
has used the motivational aspects of gaming, real-time scoring,
digital feedback, leaderboards, and serial competition, which
suggests that the gaming approach provides an opportunity to
enhance medical education [22-25].

The engagement tool created for this study builds on over 20
years of research using Clinical Performance and Value (CPV)
patient simulations [26]. We adapted those lessons to develop
a novel web-based patient-simulation platform, known as
QualityIQ, which is focused on primary care providers (PCPs)
and leverages the serial engagement of case-based learning in
CPVs with immediate personalized evidence-based feedback
and gamified peer benchmarking. QualityIQ is distinct from
the standard gamification approach in that QualityIQ leverages
iterative measurement, feedback, and remeasurement over

multiple rounds of engagement using the CPV approach. We
introduced the QualityIQ tool to PCPs to determine if serial
measurement and feedback improved evidence-aligned practice
decisions overall and whether it improved specific quality
measures included in MIPS. After completing their cases, we
determined whether receiving CME credits increased
participation in this quality improvement initiative. Finally, we
asked the participants directly if they expected to make changes
in their actual practice setting after participating in this gamified
learning approach.

Methods

Study Design
From January through March 2019, we conducted a randomized
controlled study of clinical care decisions made by a national
sample of PCPs managing typical primary care patients. We
asked United States–based, board-certified internal medicine
and family medicine physicians to care for four different types
of routine primary care cases (diabetes, osteoarthritis [OA],
asthma, and musculoskeletal pain). We used the novel
web-based QualityIQ patient simulation tool to serially measure
provider care decisions for these cases. Physicians were given
real-time feedback when they completed their cases to determine
the extent to which their care decisions aligned with the latest
guidelines. We measured the care decisions judged to be the
most critical to high-quality care, namely the workup (laboratory
and imaging), diagnosis, and treatment. Gaming elements
included a leaderboard for all participants and gift cards for top
scores. We took advantage of the prospective design and used
a coin flip methodology to randomly assign half of the
participants to receive CME and the other half to not receive
CME to observe whether this augmented the participation,
learning, or standardization effects of serial measurement and
feedback.

Physician Recruitment
From a list of over 10,000 US-based PCPs, we sent out 2000
emails to randomly selected addresses. From this group, we
screened potential participants using the following enrollment
criteria: (1) is board-certified in internal medicine or family
medicine, (2) practices exclusively in primary care, (3) has an
active panel of over 1500 patients, and (4) has 2 to 30 years of
postresidency experience. In total, 202 providers were eligible,
and of these, 141 agreed to participate. The 141 participants
were further randomized into 1 of 2 study arms, with 68 in the
non-CME control group and 73 in the intervention group that
received CME with their participation. Of the 141 physicians
who completed the questionnaire and enrolled in the study, 21
began the first week but did not complete their case and were
subsequently dropped from the study, leaving 120 enrolled
providers who completed at least one week of cases (see Table
1).
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Table 1. Provider characteristics at baseline (N=120).

P valueValueCharacteristic

CME (n=59)Non-CMEa (n=61)

.5638 (64)43 (70)Male, n (%)

.8629 (49)29 (48)Age >55 years, n (%)

.05Region, n (%)

16 (27)20 (33)Northeast

14 (24)10 (16)Midwest

17 (29)8 (13)West

12 (20)23 (38)South

.22Locale, n (%)

24 (41)27 (44)Urban

32 (54)26 (44)Suburban

3 (5)8 (13)Rural

.40Specialty, n (%)

21 (36)26 (43)Family medicine

38 (64)34 (56)Internal medicine

0 (0)1 (2)Both

.2942 (71)49 (80)Attended medical school in the United States, n (%)

.23Practice type, n (%)

10 (17)15 (25)Solo

9 (15)18 (30)Group single-specialty

21 (36)12 (20)Group multispecialty

7 (12)5 (8)Hospital

6 (10)6 (10)Academic

6 (10)5 (8)Other

.0351 (87)42 (69)Employed by practice, n (%)

.0787 (33)101 (47)Patients seen/week, mean (SD)

.5830 (51)35 (57)Receive quality bonus, n (%)

Participation in CMSb quality payment programs, n (%)

.2720 (33.9)27 (44)MIPSc

.797 (12)9 (15)APMd

.973 (5)3 (5)Other

.2912 (20)18 (30)None

.0036.1 (2.7)4.5 (3.2)Number of rounds of participation, mean (SD)

.04540 (66)29 (48)Participated in ≥6 rounds, n (%)

aCME: Continuing Medical Education.
bCMS: Centers for Medicare & Medicaid Services.
cMIPS: Merit-Based Incentive Payment System.
dAPM: Advanced Payment Model.

QualityIQ Patient Simulation Cases
We created 8 fully automated QualityIQ case simulations and
uploaded these cases onto the Qualtrics platform [27]. Each
case included evidence-based feedback delivered in real time

as physicians progressed through various workup, diagnosis,
and treatment decisions. Each case was designed to be
completed on a smartphone, tablet, or computer in less than 10
minutes. Each week, all participants cared for the same case.
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The 8 cases were developed as pairs of typical cases seen by
PCPs in four areas: diabetes, OA, asthma, and pain management
(see Table S1 in Multimedia Appendix 1). While each case was
unique and required different treatment decisions based on each
patient’s presenting symptoms and risk factors, many care
decisions were featured in multiple cases (see Table S2 in
Multimedia Appendix 2). For example, we included decisions
directly related to Medicare 2019 MIPS measures, such as
addressing poor hemoglobin A1c control (>9%). We also
included general measures that cut across multiple conditions,
such as zoster vaccination. By having multiple related scoring
items in multiple cases, we were able to track changes over
time.

QualityIQ Scoring and Gamification
The PCPs completed 1 case per week, with weekly email
reminders to notify them when the next case opened. Each
weekly case consisted of 8 to 10 multiple choice questions
covering workup, diagnosis, management, and follow-up
decisions, and each question had explicit evidence-based scoring
criteria. After each question, physicians received real-time
feedback on their care decisions, including the appropriateness
of their decision, recommended alternative decisions, and
supporting evidence-based references for the preferred care
path.

At the end of each week, participants received a detailed score
report that included a summary of key evidence-based
recommendations for their case, their personal score in the case,
and how their care compared to that of their peers. At the start
of the study, all participants chose a pseudonym so they could
track their scores relative to their peers on a leaderboard that
was updated weekly. The top scores in each weekly case were
awarded a US $20 electronic gift card from Amazon. The study
was completed after the close of the final case.

Statistical Analysis
The primary outcomes were to measure evidence-based care
scores within each case, adherence to MIPS measures, and
practice variability among the PCPs caring for the same patient.
We were especially keen to determine if the physicians improved
their scores on these measures after serial measurements. We
also investigated if the availability of CME credit had any effect
on participation or performance. Lastly, we asked the
participants for their appraisal of the usefulness of the tool in
their practice.

For descriptive comparisons between the 2 study arms, we used
the chi-square test for significance. To determine significance
across cases, we normalized the scores to percentages; a score
of 100% indicated that the PCP made all the correct
evidence-based decisions without any incorrect decisions, with
a possible score of less than 0% if the PCP made more incorrect
than correct decisions. We compared these normalized
quality-of-care scores across the cases using either multivariate
linear regression or the Student t test to measure improvements
in overall and domain quality of care scores. We also performed

an equality of variances test to test for homogeneity of the
overall scores. All analyses were conducted in Stata 14.2
(StataCorp LLC).

Ethics Approval and Consent to Participate
This study was conducted in accordance with ethical standards,
approved by the Advarra Institutional Review Board, Columbia,
Maryland, and listed on ClinicalTrials.gov (NCT03800901).
Informed consent was obtained through electronic signatures
from all participants.

Results

Physician Demographics
Of the 120 participants in the study, more than two-thirds were
male, and 72 (60%) were board certified in internal medicine.
Among the demographics and practice characteristics listed in
Table 1, we found no significant differences between the two
groups except that the CME group had a higher percentage of
providers who were employed by their practice (86.4% vs
68.9%; P=.03).

All 120 participants cared for one QualityIQ patient in the first
week of the project. In the second week, 91 (76%) of the 120
participants completed their second case. After week 2,
participation stabilized, with only modest decreases from weeks
3 to 8. Of the 91 participants who completed at least 2 cases,
68 (75%) went on to complete at least 6 of the 8 weekly cases.
58 (48%) physicians completed all 8 cases, and 79 (66%)
participated in at least half (n=4) of the cases. When we
compared the first week scores between providers who
completed 8 weeks of the study to those who only completed
the first week of the study, we found no significant difference
in their scores (P=.37).

The ability to earn CME did not affect recruitment rates.
However, once enrolled, those eligible for CME credits
completed an average of 1.6 more cases in the project than their
non-CME peers (P=.003) and were more likely to participate
in at least 6 of the weekly rounds (40 of 61, 66.1%, vs 28 of 59,
47.5%; P=.045).

In aggregate, female physicians performed significantly better
than their male counterparts (+3.1%, P=.02), and family
medicine diplomates performed better than internal medicine
providers (+3.2%, P=.008) (see Table 2). We saw no significant
difference in overall scores by age, with providers aged over
55 years scoring a nonsignificant 0.7% lower than their younger
counterparts (P=.56). In our study, those practicing in
multispecialty group practices (+6.5%) and those practicing in
the Midwest region (+8.1%) scored significantly higher (P<.001
for both). PCPs who participated in 6 or more weeks of
QualityIQ cases had higher average quality scores than those
who participated in 5 or fewer weeks (+5.2%, P=.04). However,
providers who were randomized into the CME arm of the study
did not perform better than those in the non-CME arm (+0.5%,
P=.84).
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Table 2. Multivariate linear regression analysis of total QualityIQ scores (as percentages of the maximum score).

P valueCoefficientCharacteristic

.02–3.1Male sex

.008–3.2Internal medicine physician

.56–0.7Age >55 years

.97–0.1US-trained physician

<.0018.1Midwest region

.122.0Suburban locale

<.0016.5Multispecialty group practice

.014.9Academic practice

.500.8Received quality bonus

Case typea

<.001–10.1Osteoarthritis

<.001–6.9Asthma

<.001–8.4Pain

<.0016.4Second case of type

.035.2Participation ≥6 rounds

.840.5CMEb

.84–0.6Participation ≥6 rounds * CME

<.00174.7Constant

aReference case type: diabetes.
bCME: Continuing Medical Education.

Reduction in Variability of Care
Overall, we found a 9.2% reduction in variation between the
first and second cases for each case type (P=.07). There were
different levels of reduction by case type. For example, the
relative standard deviation decreased by 37.0% (P<.001) in the
diabetes cases. When we disaggregated this further, the
decreased variation was split fairly evenly between the treatment
domain, where the standard deviation decreased by 34.1%
(P<.001), and a 33.1% reduction was observed in the diagnostic
domain (P<.001). Variation decreased between the OA and
asthma case pairs, but not between the pain cases. In the OA
cases, we found a 12.5% relative decrease in variation (P=.14),
and in the asthma cases, we saw a 15.9% decrease (P=.08).

Quality of Care Improvement Overall and by Case
In the first week of the project, the average score was 77%.
When we compared changes in scores among the different case
pairs over time (ie, diabetes, OA, asthma, and pain; see Table
3), we found that providers performed 1 to 10 percentage points
better in the second case compared to the first. These
improvements were statistically significant for patients with
diabetes, OA, and asthma but not for the pain case pair. When
we looked at the mean scores for the OA and asthma case pairs,
we saw a significant increase in the mean scores (Table 3), with
the OA case scores improving by 7.6% (P=.003) and the asthma
scores improving by 10.7% (P<.001).
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Table 3. Summary of QualityIQ results.

P valueAll providersMaximum total scoreCase type and week

Percentage of maximum
score, mean (SD)

Mean total scoren

<.001Diabetes mellitus

77.6 (14.6)2721203501

85.9 (9.2)301743507

.003Osteoarthritis

68.5 (16.5)185852702

76.1 (14.6)251763304

<.001Asthma

70.8 (15.1)184812603

81.5 (12.7)285653506

.73Pain

73.7 (12.8)236723205

74.5 (15.9)231653108

Improvement in MIPS-Related Measures
We found that baseline performance on the specific
MIPS-related scoring items ranged from 21% for screening and
brief counseling for unhealthy alcohol use to 100% for
prescribing high blood pressure medication (Table 4). In
comparing the two study arms, as well as family medicine versus

internal medicine providers, we found no overall differences
between the two groups. There were instances of significance,
which might be expected with a subanalysis; for example, the
CME arm was more than twice as likely (odds ratio [OR] 2.2,
95% CI 1.2-3.8) to order pneumococcal immunization than the
non-CME arm, and internal medicine providers were half as
likely (OR 0.5, 95% CI 0.3-0.8) to screen for depression.
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Table 4. Change in Merit-Based Incentive Payment System (MIPS) measures over time.

P valueOrdering, normal-
ized percentage

MIPS measure, category, and name

<.0011. Treatment Diabetes: Hemoglobin A1c (HbA1c) Poor Control (>9%)

63Week 1

96Week 7

.58110. Preventive Care and Screening: Influenza Immunization

96Week 1

95Week 2

96Week 3

96Week 4

100Week 6

.34111. Preventive Care and Screening: Pneumococcal Vaccination Status for Older Adults

72Week 1

80Week 4

71Week 7

.72113. Preventive Care and Screening: Colorectal Cancer Screening

92Week 1

88Week 4

90Week 7

<.001117. Treatment: Diabetes: Eye Exam

74Week 1

96Week 7

.07126. Treatment: Diabetes Mellitus: Diabetic Foot and Ankle Care, Peripheral Neuropathy – Neurological
Evaluation

83Week 1

92Week 7

<.001134. Preventive Care and Screening: Screening for Depression and Follow-Up Plan

84Week 1

71Week 2

70Week 3

96Week 4

83Week 6

96Week 7

95Week 8

.31226. Preventive Care and Screening: Tobacco Use: Screening and Cessation Intervention

93Week 5

97Week 6

.04236. Treatment: Controlling High Blood Pressure

58Week 1

58Week 2

67Week 4

77Week 7

.42309. Preventive Care and Screening: Cervical Cancer Screening
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P valueOrdering, normal-
ized percentage

MIPS measure, category, and name

84Week 3

79Week 5

.048398. Treatment: Optimal Asthma Control

99Week 3

98Week 6

<.001431. Preventive Care and Screening: Unhealthy Alcohol Use: Screening & Brief Counseling

21Week 5

50Week 6

53Week 7

55Week 8

.46438. Treatment: Statin Therapy for the Prevention and Treatment of Cardiovascular Disease

92Week 1

78Week 2

95Week 7

<.001444. Treatment: Medication Management for People with Asthma

62Week 3

95Week 6

<.001474. Preventive Care and Screening: Zoster (Shingles) Vaccination

78Week 1

58Week 2

95Week 4

80Week 5

77Week 7

Not surprisingly, measures with baseline performance above
80% showed minimal improvement in subsequent cases. These
high-performing measures appeared to be well-established items
in primary care practice, such as influenza immunization,
colorectal cancer screening, and statin therapy. By contrast,
MIPS-related scoring items with baseline performance <80%
demonstrated strong and statistically significant improvements
through serial measurement and feedback. Notable examples
include a 22% increase in diabetic eye examination referrals
(P<.001), an 11% increase in depression screening (P<.001), a
19% increase in appropriate identification of blood pressure
goals (P=.04), and a 33% increase in evidence-based asthma
medication recommendations (P<.001). Pneumococcal
vaccination for older adults was the lone exception; it started
at 72% in the baseline case but did not demonstrate a significant
improvement (P=.34) in the 3 subsequent cases that included
this care decision.

Physician Survey Results
After the 8 weeks of the project were complete, we asked the
physicians about the usefulness of this approach. Of the 120
participants, 62 responded (a 52% response rate). 89% rated the
overall quality of the material as good or excellent; 76% reported
that they plan to do something in differently in their practice
based on what they learned in the cases and the feedback. In

addition, participants rated their satisfaction with the gamified
weekly leaderboard at 4.1 out of 5.0 on a Likert scale.
Importantly, the participants gave the project a net promoter
score (NPS) of 59, indicating a strong preference that they would
recommend the program to their primary care colleagues.

Discussion

Principal Results
Finding effective tools that reduce the variation in clinical
practice has been challenging. Traditional CME tools have not
shown knowledge retention, and scalable engagement has
proven difficult to implement [17,18]. Recent studies have
shown that active case-based learning and more interactive
techniques, gamification, and deliberate practice show promise
in boosting physician engagement, enhancing mastery learning,
and improving clinical care quality [23,28-30]. Reducing
practice variation and increasing the quality of care patients
receive may be most urgently needed in primary care, where
the high volume of patients and large breadth of conditions
managed are particularly manifest.

This study, which introduced the QualityIQ tool to reduce
practice variation, had a few notable findings. Participation rates
were high over multiple exposures, with 66% of participants
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completing at least half of the weekly cases. This is significant
because participation was voluntary and offered without any
emoluments beyond gamification and recognition on an
anonymous leaderboard. The findings also suggest that
physicians are interested in efficient and engaging tools that
help providers stay abreast of the latest guidelines. Interestingly,
the availability of CME and MOC credits had no impact on
recruitment into the activity or on performance in the cases,
although once a participant joined, they were more likely to
complete more cases if they were randomized to CME. We
believe that the proliferation of web-based CME opportunities
means that fewer physicians need to seek out CME
opportunities.

The most significant finding from our study is that iterative
measurement, feedback, and remeasurement over multiple
rounds of engagement led to significant reductions in care
variation (variation reduction by case type: asthma: –15.9%,
P=.08; osteoarthritis: –12.5%, P=.14; diabetes: –37.0%, P<.001).
There were also broad-based improvements in care decisions
from one case to the other (by case type: asthma: +15.1%,
P<.001; osteoarthritis: +11.1%, P=.003; diabetes: +10.7%,
P<.001). There was no decreased variation or improvement in
the pain management cases, which we attribute to two factors:
(1) the pain case pairs were too clinically dissimilar (headache
and low back pain), and (2) the established clinical guidelines
for pain management are less robust that for the other case types.
This lack of findings in the pain case type is a strong indicator
that the improvements seen in the other case pairs was not
simply a “learning effect” bias, wherein participants simply
became accustomed to the format.

The specific MIPS-measured care decisions were assessed across
multiple cases and also showed improvements with multiple
exposures. These improvements extended across preventive and
treatment clinical areas, and the measures with the lowest
baseline performance showed the strongest improvements. MIPS
measures that were adhered to less than 80% of the time at
baseline specifically improved between 11% and 33% (P<.05).
These may be especially important for commonly overlooked
items (eg, depression screening) and new items where the
guidelines have changed recently (eg, zoster vaccination).
Pneumococcal immunization was the outlier, not improving
over time from its baseline performance of approximately 70%.
This may reflect disagreements with the guideline-based
recommendations, which were subsequently updated by the US
Centers for Disease Control and Prevention Advisory Committee
on Immunization Practices in June 2019, after completion of
our data collection [31].

Practice improvement tools only have impact if they are
welcome and adopted. Accompanying these improvements, we
found corroborating self-reports of practice change among the
physician participants and enthusiastic reception of the tool,
with an NPS of 59. The NPS is indicative of a user or client’s
experience. Users are first asked to rate how likely they are to
recommend a service to others. The NPS is then determined by
determining the difference between the percentage of promoters
(satisfied clients who give a score of 9-10) and the percentage
of detractors (dissatisfied clients who gave a score of 0-6). A

score above zero can be considered a good score, meaning there
are more promoters than detractors, and a score above 50 is
considered excellent [32]. In addition, the gamified leaderboard
allowing peer-to-peer comparisons using pseudonyms was well
received by participants. Another noteworthy finding, given
concerns that web-based or digital tools may not reach older
physicians, is that physicians over the age of 55 years performed
as well as other providers, suggesting that the approach may be
broadly applicable to practicing PCPs at various stages of their
career.

Limitations
There are limitations to this validation study that are worth
noting. Although an impressive 76% of participants reported
making changes to their practice based on their participation in
the QualityIQ cases and feedback, the study was not designed
to interrogate practice or patient-level records to validate these
improvements. This important work will be left to future studies.
In addition, this 8-week curriculum covered a number of cases
typically seen in primary care, but it did not include an
exhaustive range of high-priority topics. This could be addressed
through longer-term studies, potentially in partnership with
health systems or physician groups. The project was designed
to simulate actual practice decisions through simulations rather
than create a fully validated examination. As such, questions
formulated around areas of clinical relevance were tied to typical
practice patterns. Psychometric validation of the questions was
not performed but could be a priority for future academic
research applications of the tool. In addition, although PCPs
play a critically important role in quality improvement, there
are significant opportunities to improve care quality among
specialist physicians, medical trainees, nurses, and other health
care professionals. Future work will elucidate the impact of this
engagement model in these other settings.

Conclusions
In recognition of the vital role of primary care, multiple
programs from government and nongovernment agencies have
prioritized primary care practice improvement as essential to
care transformation efforts to improve care quality and value.
In this study, we have shown that short case simulations
delivering real-time personalized feedback and gamified peer
benchmarking are very well received by practicing primary care
physicians and lead to significant improvements in
evidence-based care decisions. Importantly, as the QualityIQ
scores increased, the unwarranted variation between providers
decreased, which is a “holy grail” in efforts to build high-quality,
high-reliability primary care networks. As a web-based, scalable
engagement tool, this model may be of interest to health
systems, payers, policy makers, patient advocacy groups, and
life science companies looking to collaborate with providers in
practice change efforts to improve the quality, value, and
consistency of care.

Data Availability
The data sets used to support the findings of this study are
available from the corresponding author upon reasonable
request.
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CPV: Clinical Performance and Value
MIPS: Merit-Based Incentive Payment System
MOC: maintenance of certification
NPS: net promoter score
OA: osteoarthritis
OR: odds ratio
PCP: primary care provider
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Abstract

Background: The COVID-19 pandemic restricted everyday life during 2020-2021 for many people worldwide. It also affected
alcohol consumption patterns and leisure activities, including the use of social media.

Objective: The aim of this study was to analyze whether social media use predicts increased risky drinking over time and during
the COVID-19 pandemic restrictions in particular.

Methods: This 5-wave longitudinal survey study, based on a nationwide sample of workers, was conducted in Finland in
2019-2021. A total of 840 respondents (male: 473/840, 56.31%; age range 18-64 years; mean age 43.90, SD 11.14 years)
participated in all 5 waves of the study. The outcome variable was risky drinking, measured using the 3-item Alcohol Use Disorders
Identification Test (AUDIT-C). Multilevel linear hybrid modeling enabled the investigation of both within-person and
between-person effects. Predictors included social media use and communication, involvement in social media identity bubbles,
psychological distress, and remote working. Controls included sociodemographic factors and the Big Five personality traits.

Results: Increased involvement in social media identity bubbles was associated with an increase in risky drinking behavior. Of
all social media platforms examined, online dating app use was associated with riskier use of alcohol over time during the
COVID-19 crisis. Daily social media communication with colleagues about nonwork topics was associated with risky drinking.
Female gender, younger age, university education, nonindustrial occupational field, conscientiousness, agreeableness, and
neuroticism were associated with lower levels of risky drinking.

Conclusions: Social media use during a pandemic carries some risks for alcohol consumption. Involvement in social media
identity bubbles and online dating are risk factors for excessive drinking during the COVID-19 pandemic.

(J Med Internet Res 2021;23(12):e33125)   doi:10.2196/33125

KEYWORDS

excessive drinking; alcohol; COVID-19; social media; remote work; psychological distress; distress; pattern; trend; prediction;
survey; app; risk

Introduction

The COVID-19 pandemic has remarkably changed everyday
life for people worldwide. Restrictions placed on social
gatherings, public events, bars, and restaurants are likely to
affect peoples’ drinking habits [1,2]. Researchers have argued
that the COVID-19 crisis has put home drinking in focus more

than ever before [3,4]. Recent studies have reported increased
drinking during the COVID-19 pandemic [5-8]; however, few
cross-sectional studies have reported both a decrease as well as
no change in drinking [9-11]. Thus far, only a few studies have
been based on longitudinal samples [1,6,7,12,13]. Additionally,
it seems that individuals react to the COVID-19 crisis
differently, and those facing emotional worry and distress are
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especially at risk for increased drinking [1,9,14-18]. There might
be specific risk factors associated with increased drinking during
the COVID-19 pandemic, and the role of social media in
drinking, in particular, calls for attention.

Different forms of social media have become a central part of
communication and interaction among people across the world
[19-21]. Social media has evolved through a transformation
from Web 1.0 society to Web 2.0 society, with web-based global
services enabling individuals, communities, and organizations
to engage, produce, co-create, modify, and share individualized
user-generated content, as well as interact, collaborate, and
manage their social networks on the internet [21,22]. Social
media has numerous advantages, such as quick transmission of
information and fostering social connectedness [23,24].
However, social media use also has downsides, and previous
research has established a relationship between social media
use and higher alcohol consumption [25,26], which has been
investigated particularly among young users and college students
[27-33]. Furthermore, it seems that some social media apps are
more popular among risk drinkers. For example, studies on
Tinder users have shown that they drink more than nonusers do
[34-36]. Dating app users are also more likely to engage in
hookups involving alcohol use [37,38].

The underlying mechanisms between social media use and
related alcohol use are not entirely known, although previous
studies suggest that perceived drinking norms and exposure to
alcohol content and marketing might be possible factors
[25,39-41]. A meta-analysis showed that exposure to and
engagement with alcohol-related content on social media were
associated with higher self-reported drinking and alcohol
problems among adolescents and young adults [42]. Individuals’
attitudes and positive alcohol-related cognitions are motivational
determinants of alcohol use [39]. Moreover, social media has
been argued to be a source for social influence altering
peer-drinking norms [32]. Drinking-related content on social
media has become common for some users during the pandemic,
and it has potential to lead to increased drinking [43].

Research on social media identity bubbles (ie, social cliques)
shows that people are drawn toward similar-minded individuals
with whom they identify strongly and share information
[21,44,45]. Thus far, identity bubbles based on drinking during
the COVID-19 pandemic have not been investigated. It is likely
that in the absence of regular social activities and places to
drink, people engage in drinking while interacting with their
friends and colleagues on the internet. Social media is known
to induce the development and duration of web-based social
drinking events for normal and risky drinkers, enabling large
gatherings of groups regardless of their location and prior
familiarity [25]. Social media apps may promote users to find
other similar-minded individuals to drink with at private parties,
although this practice is not encouraged by health officials
during the pandemic [46].

There are likely to be major differences in drinking during the
COVID-19 pandemic at the individual level. Although the
ongoing pandemic has been reported to have a negative impact
on the mental well-being of people in Europe [47,48], it seems
that mental health of the Finnish working population did not

decline dramatically during the COVID-19 crisis, probably due
to the relatively mild course of the pandemic in Finland [49].
Nevertheless, previous studies have shown that, for many
people, lockdowns and changes in work conditions, with the
expansion of remote work, have been associated with increased
psychological distress [1,24,50,51]. In turn, psychological
distress has been linked to an upsurge in alcohol use [1,52,53].

According to pre-pandemic studies, younger people and men
are more likely to be risky drinkers [54-56]. Some studies have
found similar connections during the COVID-19 pandemic for
men [8,12,17,57] and people under 30 years of age [1].
However, female gender and younger age have been associated
with both an increase and decrease in drinking [5,8,9,17,58].
The rise in drinking also varies across industries; for example,
business, communication, and technology sector employees, as
well as public administration employees, have reported increased
drinking [1]. Higher education has been linked with increased
drinking [58]. Poor financial situation has been associated with
increased drinking [16,59], but also with reduced drinking [9].
A European study found that changes in drinking patterns were
associated with financial stress, particularly among high-income
groups—a decrease in drinking was observed among those
reporting no financial stress and an increase in drinking was
noted among those reporting financial distress [10]. People with
conscientious personality characteristics were less likely to
increase drinking during the COVID-19 crisis [1].

This longitudinal study focused on analyzing risky drinking
behaviors before and during the COVID-19 pandemic
restrictions in Finland. The first COVID-19 case in Finland was
reported in January 2020, and the country reacted to the rising
worldwide crisis in March 2020 by placing several restrictions:
large public events were cancelled and recommendations for
remote work were implemented [60]. On March 16, 2020, a
national state of emergency was declared. Following the new
emergency legislation, bars and nightclubs were forced to close,
and restaurants were only allowed to sell food and low-alcohol
beverages (eg, beer) to go. Finland does not allow alcohol to
be delivered to homes, but monopoly stores and supermarkets
were open as usual. The state of emergency was lifted in
mid-June 2020; however, new restrictions were implemented
again in October 2020. These restrictions concerned large public
events, limiting the amount of people allowed to gather and the
hours of operation of bars, nightclubs, and restaurants. The
emergence of the new Delta variant of SARS-CoV-2 presented
challenges to the existing guidelines. Subsequently, a state of
emergency was declared again in the beginning of March 2021,
leading to the closure of bars and nightclubs, and restaurants
were only allowed to sell food and low-alcohol beverages to
go. The second state of emergency lasted until April 27, 2021.
The restrictions for bars, nightclubs, restaurants, and cultural
events were gradually eased up during summer and autumn
2021. The recommendation for remote work was in place until
October 15, 2021.

This longitudinal study aimed to analyze risky drinking
behaviors before and during the COVID-19 pandemic
restrictions in Finland. The research questions were (1) How
did alcohol use change during the COVID-19 pandemic
restrictions? (2) Do social media–related factors predict alcohol
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use over time? (3) Are psychological and social factors, such
as psychological distress, remote working, and personality,
associated with drinking?

Methods

Participants
The longitudinal Social Media at Work in Finland Survey study
started in Finland in mid-March 2019, and data were collected
at 6-month intervals. A total of 5 waves were collected from
Finnish employees. The baseline survey data collection
commenced in mid-March 2019 (time point 1 [T1]; N=1817),
with a response rate of 28.3%. The same participants were
contacted for the follow-up surveys in mid-September 2019
(T2; n=1318), mid-March 2020 (T3; n=1081), mid-September
2020 (T4; n=1152), and mid-March 2021 (n=1018). The third
survey was sent only to those who had responded to the second
survey, whereas the fourth and fifth surveys were sent to all
original respondents. Of the original 1817 survey respondents,
840 (46.23%) participated in all 5 surveys.

The survey was designed to represent the Finnish working
population. The survey was conducted in Finnish, and responses
were collected from all areas of mainland Finland. All
participants were working at T1, and they were from various
major occupational fields (see Multimedia Appendix 1 for
details). Comparison of T1 participants to official statistics on
Finnish workers provided by Statistics Finland showed that data
collection was successful. We found no major deviations in
sociodemographic factors, including age, gender, and
geographical area [61-63]. The sample was similar to the official
census data in other ways as well. Although official census
figures are not available for the working population only, the
proportion of excessive drinking in our sample was close to
national statistics data for the 20-64 age group (ie, 30.35% male
and 19.59% female participants in our sample vs 39% men and
24% women in the national population) [64]. Among the Finnish
population of the 16-89 years age group, 58% used Facebook
(vs 79.31% in our T1 sample), 39% used Instagram (vs 52.01%
in our T1 sample), and 13% used Twitter (24.49% in our T1
sample) [65]. These differences are explained by the fact that
our T1 sample included only workers aged 18 to 65 years.

Nonresponse analysis between those who responded to all 5
study waves (n=840) and those who responded only to some
waves (n=977) showed that the final sample included slightly
older respondents and more male participants. However, we
found no differences in other variables included in this study,
such as risk drinking, between those who had participated in
all 5 surveys and others. In other words, dropout from the survey
is not associated with our main points of interest. Our final
sample is very close to the official census figures provided by
Statistics Finland in terms of mean age (43.90 years in our
sample vs 41.81 years in the Finnish population), gender
(56.31% male participants in our sample vs 51.85% in the
Finnish population), and university-level education (47.74% in
our sample vs 42.46% in the Finnish population) [62,63].

The study protocol was reviewed and accepted by the Academic
Ethics Committee of the Tampere region (decision 90/2018).
All participants agreed to voluntarily participate in the
web-based surveys, and they were informed about the purpose
of the study and data processing procedures. Data collection
was carried out in collaboration with Norstat, a data solutions
provider.

Measures

Drinking
We used the 3-item Alcohol Use Disorders Identification Test
(AUDIT-C) to measure risky drinking. AUDIT-C is a widely
used screening tool for excessive drinking [66-68]. AUDIT-C
is considered to perform almost as well as the full 8-item AUDIT
as a screening tool for risky drinking [68]. Three items measure
frequency of drinking, units of alcohol per drinking occasion,
and the frequency of heavy drinking. Each question has multiple
response options, with risk points from 0 to 4, and the scale
ranges from 0 to 12. A higher score indicates a higher level of
risk drinking. The scale showed good internal consistency
among time points (T1: α=.75, T2: α=.73, T3: α=.76, T4: α=.76,
and T5: α=.77; see Table 1 for details). Our models used
AUDIT-C as a continuous variable. We also report the
proportion of excess users, using a cutoff of ≥6 points for men
and ≥5 points for women [64].

Table 1. Descriptive statistics of the main study variables.

T5T4T3T2T1Outcome variable

3.59 (2.51)3.73 (2.47)3.75 (2.51)3.80 (2.44)3.83 (2.50)Risky drinking, AUDIT-C score (range 0-
12), mean (SD)

Continuous predictors (range 0-1), mean (SD)

0.34 (0.16)0.34 (.15)0.34 (0.15)0.34 (0.16)0.36 (0.17)Psychological distress

0.46 (0.17)0.47 (.16)0.46 (0.17)0.46 (0.17)0.45 (0.17)Social media identity bubble

Categorical predictors (code 0/1), %

9.768.819.889.1710.12Online dating app use (eg, Tinder)

9.529.6411.319.4010.95Daily social media communication with
colleagues about nonwork topics

39.6438.5738.6934.2935.00Social media use several times a day

30.7122.6210.484.885.00Remote work (≥3 days a week)
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Psychological Distress
We used the 12-item General Health Questionnaire (GHQ-12)
to measure psychological distress [69-72]. All 12 items
concerning general mood and psychological strain have 4 answer
options, rated on a Likert scale, ranging from very positive (0)
to negative (3). The total scale ranged from 0 to 36, where higher
scores indicate higher psychological distress. This scale was
transformed to a scale of 0 to 1. The internal consistency of the
scale was excellent at all time points (T1: α=.92, T2: α=.90,
T3: α=.90, T4: α=.91, and T5: α=.92).

Social Media Identity Bubble
We measured involvement in social media identity bubbles
using the 6-item Identity Bubble Reinforcement Scale (IBRS-6)
[44]. Involvement in identity bubbles concerns strong social
identification, homophily, and reliance on information from
others on social media. Respondents were asked to respond to
statements such as “On social media, I prefer interacting with
people who share similar interests with me,” with response
options ranging from 1 (does not describe me at all) to 7
(describes me completely). The original scale ranged from 6 to
42, but we transformed it to a scale of 0 to 1. The internal
consistency of the scale was good at all time points (T1: α=.84,
T2: α=.83, T3: α=.83, T4: α=.83, and T5: α=.85).

Use of Social Media Platforms
The use of different social media platforms and apps was
determined by asking the study participants questions about
their general use of social media (“How often do you use the
following social media platforms?”) and their use of social
media for work purposes (“How often do you use the following
social media platforms for work purposes?”). Both questions
were followed by separate items for different social media apps
and internet services, such as Facebook, Instagram, Twitter,
YouTube, LinkedIn, Microsoft Teams, and “Dating apps” (eg,
Tinder). Answer options included “I don’t use it,” “less than
weekly,” “weekly,” “daily,” and “many times a day.” All
commonly used apps were first analyzed separately by using
dummy variables for weekly users. In the final models, we used
a dummy variable for use of online dating apps (0=no use and
1=at least sometimes). Sensitivity analyses were performed for
weekly and daily users of online dating apps. The models also
included a variable for general social media use. This variable
was combined from the most used social media platforms
(Facebook, Instagram, Twitter, or YouTube), and the dummy
variable was created on the basis of social media use several
times a day (0=less often than several times a day and 1=several
times a day).

Daily Social Media Communication With Colleagues
About Nonwork Topics
We used a single-item measure for daily social media
communication with colleagues about nonwork topics: “How
often do you use social media to keep in touch with your
colleagues or work community regarding nonwork-related
matters?” Answer options included “I don’t use it,” “less than
weekly,” “weekly,” “daily,” and “many times a day.” A dummy
variable was created indicating those communicating with their
colleagues informally at least once a day. The measure was

previously validated with two Finnish cross-sectional samples
[23,24].

Remote Work
We measured remote work with a question on whether
respondents were working remotely. Those respondents who
indicated that they were working remotely at least 3 days a week
were considered remote workers in this study.

Control Variables
Control variables included gender, age, education (MA degree
or higher), and occupational area (industrial sector vs others).
Gender included options for male, female, and other gender.
Very few participants selected other gender, and none were
among those who had participated in all waves (n=840). Hence,
gender was used as a dummy variable (0=male, 56.31%;
1=female, 43.69%). Information on participants’ education was
obtained via a question including 7 categories (see Multimedia
Appendix 1 for details). A dummy variable was created to
indicate those who have a master’s degree or higher from a
university (0=no, 75%; 1=yes, 25%). For occupational field,
we used the list of International Standard Industrial
Classification of All Economic Activities (see details about the
7 broader categories in Multimedia Appendix 1). We used a
dummy variable indicating the industrial area of workers (0=no,
70%; 1=yes, 30%) as a control in our analysis.

We used the 15-item Big Five Inventory for personality [73].
All items had responses ranging from 1 to 7, leading to 5 scales
ranging from 3 to 21. These were transformed to a scale of 0 to
1 for the models: openness (mean 0.70, SD 0.16),
conscientiousness (mean 0.75, SD 0.15), extroversion (mean
0.64, SD 0.21), agreeableness (mean 0.69, SD 0.14), and
neuroticism (mean 0.56, SD 0.17). Internal consistency of the
traits varied from acceptable (openness: α=.69;
conscientiousness α=.67; agreeableness: α=.56; and neuroticism:
α=.71) to good (extroversion: α=.87).

Statistical Analyses
Descriptive results of the study are reported in Table 1 and the
text. We provide information about general changes in risky
drinking during 2019-2021. The main analyses focus on
longitudinal predictors of risky drinking using linear multilevel
hybrid models. With hybrid models, it is possible to estimate
the within-person effect of time-variant variables, while
simultaneously considering the between-person effects. Hybrid
models combine the strengths of random-effects and
fixed-effects approaches and address their shortcomings [74,75].
We ran the hybrid models with the xthybrid command in Stata
(version 16.1; StataCorp) [75].

In our models, all main time-varying variables had both
within-person and between-person effects. Within-person effects
show how changes in predictors over time are associated with
the change in the outcome variable. Between-person variables
show group differences between individuals. The models also
included several between-person control variables.

We first focused on analyzing within-person and between-person
effects of social media app use on risky drinking. We performed
analyses on the use of such apps, as well as on weekly and daily
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use, when possible. The full model reporting our main findings
included only those social media apps that were found relevant
during this analysis. Different sensitivity analyses were
performed, and we also checked interactions with COVID-19
time points (T3-T5) to determine whether some effects were
stronger or different during the pandemic.

Results

Descriptive results showed changes in risky drinking measured
were relatively small during the COVID-19 time points
examined (T3-T5) compared to the pre-pandemic time points
(T1-T2). Drinking decreased slightly, especially at T5 (see Table
1). The proportion of excessive drinkers (AUDIT-C score ≥6
for men and AUDIT-C score ≥5 for women) decreased slightly,
from 25.24% (212/840) at T1 to 23.57% (198/840) at T5.
Among male participants, no change was reported at all between
T1 and T5, with 30.87% (146/473) reporting excessive drinking
at both time points. However, excessive drinking among women
declined from 17.98% (66/367) at T1 to 14.17% (52/367) at T5.

Our results showed that the most used social media apps were
not strongly associated with risky drinking (see Multimedia
Appendix 2 for details). Weekly use of Yammer had a small
within-person effect (B=0.22; SD 0.11; 95% CI 0.01, 0.46;
P=.04). Use of online dating apps (eg, Tinder) was strongly
associated with risky drinking in all models. In particular,
between-person effects were strong for users in general (B=1.52;
SD 0.34; 95% CI 0.85, 2.19; P<.001), weekly users (B=1.85;
SD 0.49; 95% CI 0.88, 2.81; P<.001), and daily users (B=2.06;

SD 0.80; 95% CI 0.50, 3.62; P=.02) in models adjusting for
age and gender. Therefore, of all the different social media apps,
online dating app use was included in our final model.

Analysis based on the full hybrid model showed that of the
within-person predictors, only involvement in social media
identity bubbles was significantly associated with risky drinking
(B=0.32; P=.04; see Table 2 for details). We found robust effects
on some between-person variables. Online dating app users
were more engaged in risky drinking than nonusers were
(B=1.33; P<.001). Additionally, those respondents who had
daily social media communication with colleagues about
nonwork topics drank more than others did (B=0.96; P=.005).
Women (B=−1.35; P<.001) and those with an MA degree or
higher from university drank less than others did (B=–0.41;
P=.02). Older age was associated with higher risky drinking
(B=0.02; P=.01). Workers in the industrial sector drank more
than others did (B=0.40; P=.02). Lower conscientiousness
(B=−1.41; P=.01), lower agreeableness (B=−1.55; P=.005),
and lower neuroticism (B=−1.17; P=.04) were associated with
higher drinking. In addition, the full model shows that
participants drank less during the COVID-19 era than they
previously did (B=–0.13; P<.001).

The last part of our analysis aimed at reviewing whether these
within-person and between-person effects were stronger during
the pandemic. This analysis showed that the within-person effect
of Tinder use was observed during the pandemic (B=0.29; SD
0.12; 95% CI 0.05, 0.53; P=.02). Other relevant interactions
with time were not observed.
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Table 2. Multilevel linear hybrid regression model showing within-person and between-person effects on drinking.

P value95% CIRobust SE (B)B

Within-person variables

.92−0.35 to 0.320.17−0.02Psychological distress

.040.02 to 0.620.150.32Social media identity bubble

.08−0.02 to 0.340.090.16Use of a dating app (eg, Tinder)

.82−0.12 to 0.090.05−0.01Use of social media several times a day

.88−0.13 to 0.110.06−0.01Daily social media communication with colleagues about nonwork topics

.04−0.21 to 0.000.05−0.11Remote work

Between-person variables

.43−0.83 to 1.950.710.56Psychological distress

.67−1.54 to 0.990.65−0.28Social media identity bubble

<.0010.68 to 1.990.331.33Use of a dating app (eg, Tinder)

.42–0.23 to 0.560.200.16Use of social media several times a day

.0050.29 to 1.640.340.96Daily social media communication with colleagues about nonwork topics

.57−0.83 to 0.450.33−0.19Remote work (≥3 days a week)

Controls

<.001−1.66 to −1.030.16−1.35Female

.020.00 to 0.030.010.02Age

.02−0.74 to –0.080.17−0.41MA degree or higher

.020.05 to 0.740.170.40Industrial sector

>.99–1.01 to 1.020.520.00Openness

.01−2.53 to −0.290.57−1.41Conscientiousness

.10–0.15 to 1.610.450.73Extroversion

.005−2.62 to −0.470.55−1.55Agreeableness

.04−2.26 to −0.080.56−1.17Neuroticism

Discussion

Principal Results
This longitudinal, 5-wave study investigated changes in risky
drinking in 2019-2021. Longitudinal analysis showed that
stronger involvement in social media identity bubbles was
associated with higher risky drinking over time. A within-person
effect of online dating app use (eg, Tinder) was also found, but
only during the COVID-19 pandemic. This finding suggests
that unusual circumstances have perhaps led to unusual and
risky drinking habits. Online dating app users also drank more
than others. Moreover, we found that daily social media
communication with colleagues about nonwork topics was
associated with risky drinking. Altogether, our results suggest
that people engaged in drinking as part of involvement in
web-based social bubbles. Furthermore, as dating in bars, clubs,
and restaurants was not possible during the COVID-19
pandemic, dating apps such as Tinder were considered an
alternative. These dating activities were found to be associated
with risky drinking, despite the closure of bars.

Comparison With Prior Work
Previous cross-sectional studies conducted during the
COVID-19 pandemic have reported decreased drinking,
especially in Europe [10], but increased drinking has also been
reported [5-8]. Our results indicating a slight decrease in risky
drinking are not surprising, because during spring of 2020 and
2021, there were severe restrictions on bars and restaurants,
limiting the possibilities for social drinking. Previous
longitudinal studies have shown that drinking less is related to
lower access to typical drinking locations [10,12,58].

Our finding on the within-person effect of involvement in social
media identity bubbles offers an interesting contribution to the
literature. Previous studies have especially considered social
media postings as motivational determinants of alcohol use [39]
and generally discussed exposure to drinking cues on social
media websites [25,42]. Our findings expand this notion by
considering the potential effect of engaging with similar-minded
individuals. We further noted that individuals communicating
with colleagues about nonwork-related issues tended to drink
more. As our models controlled for personality, we believe these
findings reveal something interesting about the role of social
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media in the context of drinking during the COVID-19
pandemic.

We discovered that increased use of dating apps was associated
with increased risky drinking during the pandemic. Our
longitudinal evidence supports previously noted findings that
dating app users drink more than nonusers, and this pattern
increases during their dates [34-36]. It is likely that alcohol is
consumed during the dates, despite bars being closed. Our study
contributes to the growing number of studies on risks and risky
behavior related to dating apps [76,77].

Our findings further showed that female gender, younger age,
university education, nonindustrial occupational field,
conscientiousness, agreeableness, and neuroticism were
associated with lower levels of drinking. These results reflect
the findings of previous studies [1,58].

We found no longitudinal evidence on the effect of
psychological distress on risky drinking during the COVID-19
pandemic. This finding contrasts previous findings on the role
of psychological distress and mental well-being in drinking
during the pandemic [9,14-18]. One potential reason for this
might be that in global comparisons, the COVID-19 situation
was manageable in Finland during 2020 and spring 2021. For
example, a report by Der Spiegel indicated that Finland had
coped the best with COVID-19 in comparison with 154 other
countries [78]. It is feasible that spring 2020 only presented a
major stress for people, reflecting increased drinking among
those who were distressed [1]. It is, however, quite early to
estimate potential long-lasting effects of the COVID-19
pandemic on drinking levels, as the crisis is still ongoing.

Limitations and Strengths
Our study was limited to Finland and its working population.
Hence, some risk drinking groups, including full-time students
and retired elderly people, were not part of the study. The results
only cover the timeframe of 2019-2021, and it is too early to

estimate how the crisis and drinking will further develop. Our
results are limited to self-reported information on drinking.
Despite these limitations, a major strength of our study is the
use of multi-wave, longitudinal data. Data collection started
before the COVID-19 crisis, enhancing estimation of the effects
of the pandemic on drinking. Our data are particularly strong
on social media measures, and the response rate for surveys was
high. Our modelling strategy used within-between person hybrid
models that provide an advanced way of estimating longitudinal
effects of independent variables.

Conclusions
This longitudinal study of workers in Finland showed a decrease
in risky drinking during the COVID-19 crisis. The main risk
factors for increased risky drinking were found to be related to
social media use. Involvement in social media identity bubbles
was associated with risky drinking over time. Dating app users
were more likely to drink more during the pandemic. Moreover,
daily social media communication with colleagues about
nonwork topics was associated with higher risky drinking. Our
results provide significant evidence of the power of social media
during unusual times.

The role of social media in drinking should be considered by
social media companies such as Tinder to monitor and regulate
alcohol-related postings and advertising on their services and
promote more healthy ways of social interaction. This is
especially essential during a crisis like the COVID-19 pandemic,
when social media services present virtually the only
possibilities for forming new social relationships due to
lockdowns and restrictions on movement. The connection
between social media use, involvement in social media identity
bubbles, and increase in alcohol consumption are important
findings for organizations and policy makers alike. Education
and prevention efforts should consider these risk factors and,
possibly, be targeted to at-risk groups.
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Abstract

Background: Online health communities (OHCs) have increasingly gained traction with patients, caregivers, and supporters
globally. Chinese OHCs are no exception. However, user-generated content (UGC) and the associated user behaviors in Chinese
OHCs are largely underexplored and rarely analyzed systematically, forfeiting valuable opportunities for optimizing treatment
design and care delivery with insights gained from OHCs.

Objective: This study aimed to reveal both the shared and distinct characteristics of 2 popular OHCs in China by systematically
and comprehensively analyzing their UGC and the associated user behaviors.

Methods: We concentrated on studying the lung cancer forum (LCF) and breast cancer forum (BCF) on Mijian, and the diabetes
consultation forum (DCF) on Sweet Home, because of the importance of the 3 diseases among Chinese patients and their prevalence
on Chinese OHCs in general. Our analysis explored the key user activities, small-world effect, and scale-free characteristics of
each social network. We examined the UGC of these forums comprehensively and adopted the weighted knowledge network
technique to discover salient topics and latent relations among these topics on each forum. Finally, we discussed the public health
implications of our analysis findings.

Results: Our analysis showed that the number of reads per thread on each forum followed gamma distribution (HL=0, HB=0,

and HD=0); the number of replies on each forum followed exponential distribution (adjusted RL
2=0.946, adjusted RB

2=0.958, and

adjusted RD
2=0.971); and the number of threads a user is involved with (adjusted RL

2=0.978, adjusted RB
2=0.964, and adjusted

RD
2=0.970), the number of followers of a user (adjusted RL

2=0.989, adjusted RB
2=0.962, and adjusted RD

2=0.990), and a user’s

degrees (adjusted RL
2=0.997, adjusted RB

2=0.994, and adjusted RD
2=0.968) all followed power-law distribution. The study further

revealed that users are generally more active during weekdays, as commonly witnessed in all 3 forums. In particular, the LCF
and DCF exhibited high temporal similarity (ρ=0.927; P<.001) in terms of the relative thread posting frequencies during each
hour of the day. Besides, the study showed that all 3 forums exhibited the small-world effect (mean σL=517.15, mean σB=275.23,
and mean σD=525.18) and scale-free characteristics, while the global clustering coefficients were lower than those of counterpart
international OHCs. The study also discovered several hot topics commonly shared among the 3 disease forums, such as disease
treatment, disease examination, and diagnosis. In particular, the study found that after the outbreak of COVID-19, users on the
LCF and BCF were much more likely to bring up COVID-19–related issues while discussing their medical issues.

Conclusions: UGC and related online user behaviors in Chinese OHCs can be leveraged as important sources of information
to gain insights regarding individual and population health conditions. Effective and timely mining and utilization of such content
can continuously provide valuable firsthand clues for enhancing the situational awareness of health providers and policymakers.

(J Med Internet Res 2021;23(12):e19183)   doi:10.2196/19183
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Introduction

Background
An online community is a social group created by internet users
for a variety of purposes and interests. The rapid development
of the “internet plus” [1] technology has further promoted the
value of online communities in recent years. In the meanwhile,
the health consciousness of populations and their motivation
for better self-health management have been steadily growing.
Propelled by the strong desire to mitigate the information
asymmetry between doctors and patients pervasive in traditional
health care communications, patients have gained a new way
to share their disease situation and receive needed health care
advice through online health communities (OHCs). For example,
a continuously rising number of patients and their relatives
continually participate in OHCs, actively share their treatment
experiences, and openly express their personal opinions and
feelings on various issues encountered during treatment or the
whole care journey. The value of OHCs for exchanging
emotional communications and delivering social support for
patients and their families has also been widely recognized [2].
At present, an increasing multitude of user-generated content
(UGC) and associated online user behaviors are becoming
available on OHCs. The US Office of the National Coordinator
for Health Information Technology defines patient-generated
health data as health-related data created, recorded, or gathered
by or from patients (or family members or other caregivers) to
help address a health concern [3]. The Chinese National Health
Commission publicly released an Action Plan for the Further
Improvement of Medical Services (2018-2020), which
emphasizes the role of patient organizations in knowledge
sharing, whole-course disease management, rehabilitation
support, drug development, and clinical trials [4]. However,
such UGC in Chinese OHCs and their associated user behaviors
are often underexplored and rarely analyzed systematically,
thus losing valuable clues and evidence for improving treatment
design and patient care.

Status of Research Concerning OHCs
A number of OHCs exist, providing users with diverse and
fluent ways to exchange information, share experiences, seek
answers, and receive support. PatientsLikeMe is the first and
also the largest social network platform in the world dedicated
to patients. By 2018, more than 650,000 users had
communicated and shared their health information over the
platform, with more than 2900 diseases involved [5].
MyHealthTeams [6] is a social network for people living with
chronic diseases, which aims to provide mutual aids for its
participants, and has gathered more than 2 million users spread
over 33 online disease platforms. Several OHCs, such as
Breastcancer [7] and BecomeAnEX [8], are also popular among
patients. In China, Manyoubang [9] provides an interactive
OHC for patients with chronic diseases, which has more than
22 subforums. Yi Xiang Network [10] is the largest case sharing
website in China, providing services, such as case upload,

communications, and mutual assistance, for patients. Mijian
[11] is the largest interactive OHC for patients in China at the
time of writing this manuscript, which integrates multiple single
disease forums with interactive question and answer functions.
Other OHCs in China, such as Sweet Home [12] and Lymphoma
Home [13], mainly focus on servicing patients with chronic
conditions. Meanwhile, in some general-purpose Chinese online
forums (eg, Tianya [14], Tieba [15], and Zhihu [16]), there are
also subforums specifically dedicated to disease-centric
discussions.

Since the emergence of versatile OHCs, scholars have attempted
to analyze these virtual communities from various perspectives.
For example, Smailhodzic et al [17] conducted a literature
review covering 22 articles, according to which, patients’ use
of social media were classified into the following 6 categories:
emotional, information, esteem, network support, social
comparison, and emotional expression. Dongxiang [18]
overviewed OHCs in China from 3 perspectives, including their
UGC, and the characteristics of participants and underlying
online communities. Wu et al [19] summarized research hotspots
concerning OHCs and the evolution of OHCs, as well as the
key analysis methods for OHCs. To reveal factors that may
motivate knowledge sharing in OHCs, scholars utilized text
mining to better understand and predict user participation
[20,21]. Fernandes et al [22] adopted a netnography method to
analyze the positive impact of OHCs on the prognosis of
diabetes. Li [23] utilized the structural equation model to study
factors affecting individual patient’s willingness to share medical
information. Scholars also studied the distribution of health
topics according to questions and answers on OHCs using
machine learning approaches [24-27]. In addition, scholars
utilized social network analysis methods to analyze knowledge
exchange behaviors among users in OHCs by constructing and
examining underlying knowledge-sharing networks [28-33].

Overall, existing research on OHCs has mainly focused on
uncovering users’ motivation for participating in the OHCs,
discussing factors affecting users’ online knowledge-sharing
behaviors, and mining UGC in OHCs. For Chinese OHCs,
existing research primarily concentrates on examining
small-scale single-disease forums. In comparison with peer
international studies, both the breadth and depth of current
analysis regarding Chinese OHCs are much more limited, calling
for expanded efforts to broaden the understanding and strengthen
preliminary findings produced through existing studies. To meet
the demand and fill the gap, this study comprehensively
examined 3 representative disease forums hosted on the 2 most
popular Chinese OHCs. The large-scale evaluation reveals both
the shared traits and distinct characteristics of user behaviors
and UGC on these forums to shed light on understanding user
behaviors and UGC on Chinese OHCs in general.

Objectives
Given the popularity and proliferation of OHCs, understanding
multifaceted patient experiences reflected from UGC in these
forums and related user behaviors can provide many valuable
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insights for enhancing public health awareness and improving
the quality of the care delivered. Comprehensive and in-depth
analysis of such user content and behaviors can also help
optimize the design and management of OHCs from a software
engineering perspective, as well as the design and development
of better community-based knowledge services at large. Driven
by the above anticipated benefits, this study performed an
in-depth analysis on UGC and related online user behaviors in
3 large-scale OHCs in China. We utilized a variety of social
network analysis methods and constructed a knowledge-sharing
network for each OHC to study the evolution of OHCs, discover
characteristics of user behaviors, uncover salient topics and
their relations in each of the virtual communities, and reveal
common traits and distinct characteristics in the 3 OHCs
examined. Through these case analyses, we also aimed to offer
insights regarding user behaviors and UGC in Chinese OHCs
in general.

Methods

Data Collection
Two influential OHCs in China, Mijian and Sweet Home, were
selected for analysis in this study. Mijian was selected for
analysis in this study because it is the largest OHC for patients
in China at present. The site targets to serve patients diagnosed
with chronic, severe, or rare diseases, aiming to help relieve
their psychological stresses, learn disease-related health
knowledge, and effectively acquire medical resources. Sweet
Home was selected for analysis in this study because it is the
largest OHC in China for patients with diabetes. The site offers
categorized forums for medical consultation, service guidance,

and emotional expression. Through the site, patients with
diabetes can not only discuss their medical conditions, but also
connect and communicate remotely with other patients across
the country. Regarding the 2 focus OHCs identified in this study,
our analysis concentrated on examining the lung cancer forum
(LCF) and breast cancer forum (BCF) on Mijian, and the
diabetes consultation forum (DCF) on Sweet Home in particular
because of their predominant popularity among users of the 2
OHCs and the significance of the 3 diseases for the well-being
of Chinese patients and the population as a whole given that
breast cancer and lung cancer represent the 2 leading chronic
noncommunicable diseases in the world and China has the
largest number of patients with diabetes globally [34,35].

In a disease forum, a single conversation is referred to as a
“thread” (ie, a topic). Users can respond to another person’s
thread, which is referred to as a “reply.” Thus, a post made by
a user on a forum can either be an original thread created by the
user or a reply to another user’s thread [36]. We crawled all
threads on the 3 focus disease forums from their respective
forum establishment dates (LCF: November 15, 2013; BCF:
August 25, 2015; DCF: September 1, 2005) to October 20, 2020.
Once a post was crawled, we also obtained its ID, posting time,
number of reads, and number of replies. We then performed a
series of data cleaning operations, including filtering posts
automatically created by chatbots on these forums and deleting
missing data. Table 1 presents key statistics of the acquired
online data sets in comparison with those of data sets used in
peer studies [20,24,26,28,30,37,38], which shows that the scale
of the current analysis significantly transcends that of all prior
efforts.

Table 1. Comparison between experimental data sets analyzed in this study and the counterpart data sets in peer studies.

Number of repliesNumber of usersNumber of threadsForumWebsiteStudy

254,68722,61037,090Lung cancer forumMijian [11]Present study

2,123,72831,909112,790Breast cancer forumMijian [11]Present study

466,22526,75141,060Diabetes consultation forumSweet Home [12]Present study

3498540754Breast cancer forumYi Xiang Network [13]Wu et al [28]a

N/AN/Ac1066Hepatitis B forum39 Health Network [39]Wu et al [37]a

11,94014762009Tumor forumTieba [15]Wu et al [38]a

3553636777Diabetes mutual aid forumManyoubang [9]Shi et al [30]a

2,800,00049,552107,549Breast cancer forumBreastcancer [7]Wang et al [20]b

316,886543538,156Smoking cessationBecomeAnEX [8]Wang et al [24]b

N/A24,915N/AMultiple sclerosisFacebook [40]Della Rosa et al [26]b

aOnline health communities in China.
bOnline health communities in other countries.
cN/A: not applicable.

Social Network Analysis
A social network is a social structure made up of a set of social
actors (such as individuals and organizations), sets of dyadic
ties, and other social interactions between actors [41]. Social

network analysis can help identify community structures at the
network level, as well as individual behaviors at the single-user
level. Since a user could be both a thread author and a reply
author, this study adopted a directed network structure to model
the community network. In such a directed network, each edge
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of the network is directional, where the in-degree of a node
refers to the number of directed edges ending with the node.
Conversely, the out-degree of a node is the number of directed
edges starting from the node. The total degree of a node is the
total number of its network neighbors irrespective of the tie
direction (ie, the sum of its in-degree and out-degree).

We conducted a topological analysis for complex networks [41]
to explore the structural characteristics of each forum. Our
analysis was carried out in 2 steps. First, we explored the
small-world effect of each social network. We took the path
length between 2 nodes as the minimum number of edges
connecting these nodes in the network. The average path length,
also known as characteristic path length, is defined as the
average number of steps along the shortest paths for all possible
pairs of network nodes. Let dij denote the shortest distance
between 2 nodes i and j in the network. Assume that dij=0 if i=j
or j cannot be reached from i. Then, the average path length L
is as follows:

where N is the number of network nodes. The clustering
coefficient of a network measures the degree of node clustering
in the network. Assume a node k has n adjacent neighboring
nodes (N1, N2, …, Nn). If 2 nodes i and j are connected with a
link, the directed link is denoted as eij. The local clustering
coefficient of the node k is defined as follows:

Assume the entire network has K nodes in total. The average
clustering coefficient of the network is the mean of the clustering
coefficients of all its nodes, that is,

The small-world effect, also known as the 6 degrees of
separation, is the idea that all strangers can be related through
6 or fewer people [42]. Watts et al proposed a small-world
network model (WS model) [43], in which a small-world
network is characterized by a small average path length and a
high clustering coefficient. As a general method for quantifying
the small-world effect of a network, the network can be
measured by comparing its clustering coefficient and average
path length with those of an equivalent Erdös–Rényi (ER)
random network that has the same number of nodes and edges
[44]. To construct such an equivalent random network, we
employed the following generative procedure: Let N and M be
the number of nodes and edges expected of the network to be
generated, respectively. The network is initialized to have N
unconnected nodes. At each step, we randomly selected and
linked a pair of nodes not currently connected in the network.
We repeated the above step until all M edges were added into
the network. Given the random network generated, σ can be
calculated as follows:

where is the average clustering coefficient of the network,
L is the average path length of the network, Cr is the average
clustering coefficient of the equivalent ER random network,
and Lr is the average path length of the equivalent ER random

network. If σ>1 (eg, ), the network is considered a
small-world network [44], in which case, it is assumed that
knowledge can be spread efficiently and rapidly in the
community represented by the network.

Second, we explored the scale-free property of social networks.
Scale-free property is a structural characteristic concerning a
network as introduced by Barabási et al [45]. Across scientific
domains and classes of networks, it is common to encounter
the claim that most or all real-world networks are scale free.
Generally, a network is deemed scale free if the fraction of
nodes with degree k follows a power-law distribution

P(k)=c×k−r, where r>1. The property mainly comprises the
following 2 aspects. First, the distribution of nodes follows a
power-law distribution, where most nodes have few links, while
a small fraction of nodes has a large number of links. In a
power-law distribution, the probability that a node has degree

k follows the distribution equation P(k)=c×k−r, where c and r
are network-specific constants. It is generally believed that if
the degree of nodes in a network follows a power-law
distribution, the network is a scale-free network. Second, during
a network growth process, new nodes preferentially establish
relations with well-connected nodes. The scale-free network
model is also commonly referred to as the B-A model [45].

Weighted Knowledge Network
Topic analysis techniques can be leveraged to extract conceptual
topics, determine their types, and analyze their internal structures
latent in a large text corpus. In this study, we analyzed health
topics on OHCs to identify hot topics and the salient health
information needs of their users.

We executed the topic analysis in 2 steps. First, we extracted
key phrases among UGC according to point-wise mutual
information (PMI), as well as the left and right information
entropy, with which the co-occurrence relationship between
words can be efficiently found. In this step, mutual information
is mainly used to measure the degree of correlation between 2
signals according to information theory [46], which is
repurposed to measure the degree of interdependence between
2 variables. In natural language processing (NLP), PMI is used
to calculate the degree of correlation between 2 words, so that
the co-occurrence of words can be found from a statistical
perspective to examine whether any semantic correlation or
thematic correlation exists between a pair of words. The PMI
of 2 adjacent words x and y is computed as follows:

where p(x) is the probability of word x appearing in all threads,
that is, p(x)=the number of occurrences of word x / the total
number of words in all threads; p(y) is the probability of word
y appearing in all threads, that is, p(y)=the number of
occurrences of word y / the total number of words in all threads;
and p(x,y) is the joint probability of x and y, which is the
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probability that 2 words (x,y) appear adjacent to each other in
the text. A higher PMI of x and y is associated with higher
internal aggregation and greater possibility of the 2 words
forming a phrase. Conversely, those 2 words are more likely to
have phrasal boundaries.

Entropy is an uncertainty measure associated with a random
variable. A higher entropy is associated with greater underlying
information content and hence higher uncertainty [47]. In NLP,
the left and right entropy of the word W are defined as follows:

where EL and ER are the left entropy and right entropy of the
word W, respectively; A and B represent the sets of all words
appearing to the left and right of W, respectively; and a and b
represent the words appearing immediately on the left and right
sides of W, respectively. Greater left or right entropy is
associated with a higher degree of freedom of the word, which
indicates more abundant choices for a target word surrounding
the given word W.

Second, we treated a keyword as a node and the co-occurrence
relationship between a pair of keywords as an edge to construct
a weighted knowledge network (WKN) [37,48]. In the process,
we also assigned weights to the nodes and edges according to
weights of the corresponding keywords and the relationship
strength between the corresponding key phrases. The WKN
integrated and modeled fragmentation knowledge of the thematic
content, which can be used to effectively discover the internal
relationships and overall characteristics of a knowledge network.
More specifically, we summed the PMI value of the left entropy
and right entropy calculated above, which was used as a measure
of 2 words as a phrase. We then extracted key phrases in each
post and their respective weights where the frequency of a key
phrase is used as the weight of the key phrase. We define E as
the keywords co-occurrence set and Q(E) as the weight set
associated with E, as follows:

In the above equations, if keywords ki and kj formulate a key
phrase, as indicated by a co-occurrence relationship between

them in the WKN, then eij=1; otherwise, eij=0. q(eij) is the
weight of eij. q(eij)=n(eij)/N, where n(eij) is the number of
occurrences of a key phrase in all phrases and N is the total
number of all phrases. Next, all detected key phrases were
organized as a keywords set K, for which an associated keyword
weight set Q(K) was introduced as follows:

where ki is a keyword and q(ki) is its weight. q(ki)=m(ki)/M,
where m(ki) is the number of occurrences of a keyword ki in the
200 key phrases and M is the total number of all keywords in
the 200 key phrases.

Now, we can define a WKN model for the concerned OHC as
follows:

According to the constructed WKN model, the results can be
displayed by social network visualization tools.

Results

Descriptive Statistics
Table 2 presents descriptive statistics of the OHC data analyzed
in this study where extreme outliers were removed during the
preprocessing. In terms of the number of reads and replies per
thread, the data distribution was severely nonuniform. In other
words, most of the threads had fewer reads and replies, and only
a few threads got a large number of reads and replies, which
meant that most users preferentially read the threads that had
received a larger number of replies, thus resulting in the
polarization. The SD is a measure of the amount of variation
or dispersion of a set of numbers, which is also affected by the
volume of data analyzed. The coefficient of variation is a
statistical measure of the dispersion of data points around the
mean of a data series. The coefficient of variation of the general
normal distribution is less than 1. Considering the large
coefficient of variation for each attribute listed in Table 2 and
according to the skewness of the frequency distribution graph
(SKL=35.41, SKB=25.65, and SKD=12.45), we concluded that
none of them follows a normal distribution.
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Table 2. Statistical characteristics of the 3 data sets analyzed in this study.

CVaSDMeanMaximumQ3MedianQ1MinimumData set and variable

Lung cancer forum

2.141136.88531.2598,0502043.575836215Reads

2.0831.9815.34340516840Replies

8.38456.7654.5210,127491450Followers

3.4420.125.845955211Threads

Breast cancer forum

1.95719.18368.8190,78385450429714Reads

1.0823.5721.471017261580Replies

2.16474.06219.26262716646150Followers

4.53317.5943.34511812311Threads

Diabetes consultation forum

1.261342.661065.6095,9051813120381238Reads

1.3114.9911.4479614840Replies

6.937.631.104660000Followers

4.5794.1420.60386214420Threads

aCV: coefficient of variation; CV=SD/mean.

Next, we plotted the frequency distribution of the number of
reads per thread in each forum, as shown in Figure 1. We also
adopted the K-S test (HL=0, HB=0, and HD=0), from whose
results we can determine that the number of reads per thread
follows the gamma distribution [49]. When we plotted the
frequency distribution of the number of replies per thread, we
found that they exhibited an obvious long-tail phenomenon,
which suggests that the number of replies per thread follows
the power-law distribution. We further found that the log-log
distribution of the number of replies per thread was noticeably
curved, as shown in Figure 2, according to which we determined

that the number of replies per thread follows an exponential

distribution. The values of all fitted exponential curves were

above 0.94 ( =0.946, =0.958, and =0.971). Through
similar analysis procedures, we further found that both the

number of threads a user is involved with ( =0.978,

>=0.964, and =0.970) and the number of followers of a

user ( >=0.989, =0.962, and =0.990) followed the

power-law distribution, and the values of all fitted power-law
curves were above 0.96.

Figure 1. The distribution of the number of reads per thread in each of the forums (lung cancer, breast cancer, and diabetes consultation). For better
visualization, the horizontal axis only shows the number of reads per thread up till 5000, since such threads hardly exist.
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Figure 2. The log-log distribution of the number of replies per thread in each of the forums (lung cancer, breast cancer, and diabetes consultation).

User Activities
We explored key user activities on each forum. To understand
user stickiness in a community, we analyzed online user
activities. Community managers can adopt different strategies
and incentives to improve their user experiences based on the
behaviors of these users. Figure 3 shows the percentage of all
posts (threads plus replies) created on each day of the week.
These forums had similar trends, especially between the LCF
and DCF. Besides, most online question and answer

communities or vertical knowledge sharing communities are
more active on weekdays than weekends, presumably due to
users’ conscious work-life balance choices. By counting the
frequency of posting for each day of the week by month and
drawing a box plot, it can also be seen that users in the LCF
and DCF post more frequently during the week and are more
active during the week than on the weekend (Multimedia
Appendix 1). The same conclusion was found in nononline
health communities such as the DISboards [36,50] and Tianya
community [15,51].

Figure 3. Percentage of all posts on each day of the week.

Figure 4 shows the percentage of threads and replies created at
each hour of the day. In each forum, the number of posted
threads and replies increased significantly from 4 AM. In terms
of the posting time of each thread, the number of posted threads
in the BCF had a peak around 8 AM, which declined in the
middle of the day, followed by a second peak around 9 PM.
Both the LCF and DCF showed 3 peak posting moments at
around 10 AM, 4 PM, and 9 PM, with their least active posting
moment at around 6 PM. Furthermore, there was high similarity
(ρ=0.927; P<.001) between the LCF and DCF in terms of the
relative thread posting frequencies during each hour of the day.
The numbers of posted threads among the 3 disease forums
around 12 PM and 6 PM were less than those at other moments
in the day, presumably due to the common lunch and dinner
hours observed for the 2 moments of the day. Most users became
active from 7 PM after dinner, and activity peaked again at 9
PM, after which the number of posted threads gradually declined
as it approached bedtime. We also found that the number of

posted threads in the LCF and DCF peaked around 2 or 3 hours
before the Chinese mealtime (12 PM and 6 PM), likely because
diabetic patients pay more attention to their diet to control blood
glucose. Similarly, lung cancer affects the digestive function
of patients, which may cause decreased appetite. Especially in
the advanced stage of lung cancer, it is indispensable to control
and adjust the diet. Therefore, most users consulted about diet
in advance, leading to a significantly increased number of posted
threads. Due to the different dietary behaviors of breast cancer
patients and those of patients with the other 2 diseases, the active
posting periods of the BCF were different from those of the
other 2 forums. In terms of the posting time of replies, we found
that the relative frequencies of posting for threads and replies
during each hour of the day were highly positively correlated
in each forum. Table 3 shows the Spearman correlation test
results. Similarly, the least numbers of replies were posted at
around 12 PM and 6 PM, and this was also due to their overlap
with common mealtimes.
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Figure 4. Percentage of threads (A) and replies (B) at each hour of the day.

Table 3. Spearman rank correlation coefficients of the relative frequencies of posting for threads and replies during each hour of the day in each forum.

P valueρForum

<.001a0.911Lung cancer forum

<.001a0.914Breast cancer forum

<.001a0.976Diabetes consultation forum

aSignificantly correlated using the significance level of .01 (2-tailed test).

Social Network Structure
The social network structure graph visually presents the node
relationship matrix of the network [41]. Table 4 shows the
characteristics of the aggregated social network based on users’
reply postings on each forum. In the structure graph, each node
represents a user in the community, and edges are directed links
formed by replies between users. The average clustering
coefficient of all 3 forums was lower than those of Facebook
(0.519), Flickr (0.313), and LiveJournal (0.330) [52]. A higher
global clustering coefficient indicates that there was a closer
connection between users where friends tend to find each other
through their mutual friends [36]. In a network, user degree is
the sum of out-degree and in-degree of a user. In our data set,
all users had at least one thread due to the crawling strategy
used at the time of data acquisition. In the LCF, 39.7%
(8968/22,610) of users had a user degree of 1; in other words,
more than 39% of users only had a post. In the BCF, 51.4%
(15,886/30,901) of users had a user degree of 1, and in the DCF,
24.7% (6604/26,751) of users had a user degree of 1. Most users

had a relatively lower degree, while only a few users had higher
degrees. Figure 5 shows the user degree distribution in each
forum, from which we visually noticed that the degree
distribution of each forum follows the power-law distribution.
To quantitatively verify this finding, we treated the number of
user degrees as an independent variable and the number of users
as a dependent variable to fit a power-law curve. The resulting

fitted curves were y=3.571x−1.330 ( =0.9976) for the LCF,

y=3.253x−1.056 ( =0.9946) for the BCF, and y=3.873x−1.445

( =0.9683) for the DCF. The fitting degree of the power-law
curves for each forum was nearly perfect, indicating that the
distribution of user degrees on each forum follows the
power-law distribution and r>1, which further shows that the
underlying social network is a typical scale-free network. Many
studies have reached the same conclusions that other OHCs
[20,29,53], such as Facebook [52] and Weibo [54], are also
typical scale-free networks. We additionally calculated the
average clustering coefficient and the average path length of
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the equivalent ER random networks for each forum. We
randomly generated 50 sets of equivalent ER random networks,
calculated σ according to equation (4), and calculated the mean
value of 50 sets of σ as the final judgment coefficient. The final

calculation results showed that all were far greater than 1

( =517.15, SDL=13.31; =275.23, SDB=13.02; and

=525.18, SDD=14.38), demonstrating that all 3 forums
exhibited the small-world effect.

Table 4. Characteristics of each aggregated social network.

Diabetes consultation forumBreast cancer forumLung cancer forumCharacteristic

26,75131,90922,610Number of nodes

223,077739,620183,175Number of edges

8.3423.1798.10Average node degree

11810Network diameter

0.1300.1790.130Average clustering coefficient

3.9673.0113.494Average path length

2.6% (697/26,751)9.1% (2906/31,909)3.1% (697/22,610)Percentage of high-degree usersa

49.3% (13,057/26,751)67.0% (21,382/31,909)66.6% (15,050/22,610)Percentage of low-degree usersb

aPercentage of users with degrees higher than or equal to 100.
bPercentage of users with degrees lower than or equal to 5.

Figure 5. The total degree distribution of users for each of the aggregated social networks. (A) Lung cancer forum (LCF); (B) Breast cancer forum
(BCF); (C) Diabetes consultation forum (DCF).
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Next, we analyzed the dynamic evolution characteristics of the
3 social networks from their initial establishment days (LCF:
November 15, 2013; BCF: August 25, 2015; DCF: September
1, 2005) to 2020 (Multimedia Appendix 2). The results indicated
that the numbers of nodes and edges increased yearly since the
creation of the LCF. With the development of the community,
the number of users was gradually increasing accompanied by
more active user behaviors. Since the establishment of the BCF
in 2015, its number of nodes has been increasing yearly,
indicating that new users constantly join the forum. In the
meanwhile, the number of edges in the network increased in
the beginning and reached a peak in 2017, and then declined
afterwards. Such a trend line shows that the disease forum
reached its most active period in 2017. Since the creation of the
DCF back in 2005, the numbers of nodes and edges of the forum
had been steadily increasing until its peak in 2015, after which
the activity of the community continuously declined, in
particular between 2018 and 2019. The “sleeping rate” or “loss
rate” of users in the forum was noticeable. More concretely, the
number of nodes active in 2019 was 21% (943/4510) of that in
2015, while the number of edges active in 2019 was only 5%
(2731/55,741) of that in 2015, and both statistics indicate an
apparent recession phase of the forum.

Analyzing UGC Using WKNs
Due to the COVID-19 outbreak in 2020 and its likely impact
on user behaviors on OHCs, we divided our observation window

into 2 periods (one before January 1, 2020, and another
afterwards). By comparing user behaviors between these 2
periods, we analyzed whether the UGC changed notably due to
the disease outbreak. We extracted the first 200 key phrases
from the UGC of each of the 3 forums. In the preprocessing,
we first filtered away keywords with no factual information
according to peer literature, as well as merged synonym
keywords [25,37]. For each forum, we subsequently constructed
its corresponding WKN according to the construction method
of the WKN model discussed above. Figures 6-8 show the
resulting WKNs for each forum (Multimedia Appendix 3 for
the detailed pictures). A larger node of a keyword in the WKN
is associated with a greater weight of the keyword, implying
more attention received by the keyword. Applying the criterion,
we detected significant keywords in each forum, for example,
the keywords “treatment” and “chemotherapy” in the LCF,
according to Figure 6A. A darker color of the connection link
between 2 keywords was associated with a higher co-occurrence
frequency between these keywords. For example, the keyword
“target” most frequently co-occurs with the keyword “treatment”
in the LCF; thus, the connection link between these nodes has
the darkest color in the forum’s corresponding WKN as shown
in Figure 6A. The dense connection of a keyword indicates that
the keyword co-appears with many other keywords in a
sentence, for example, the keywords “treatment” and “patients”
in the LCF, according to Figure 6A.

Figure 6. Two separate weighted knowledge networks constructed for the lung cancer forum for the analysis phases (A) November 15, 2013, to January
1, 2020, and (B) January 1, 2020, to October 20, 2020.

There were 8 major categories of theme feature classification
strategies, namely, “etiology and pathological knowledge,”
“diagnosis and examination,” “treatment,” “disease
management,” “complications,” “social life,” “disease
prevention,” and “education and research,” based on the
classification of OHC information in PubMed literature [55].
According to these 8 classification strategies, the classification
categories of the keywords of the 3 disease forums were judged,
and the topic distribution was macroclassified, so as to determine
the hot topics discussed in the content more clearly and quickly.
There were 400 keywords in the 200 key phrases. In the LCF,

the topic “disease treatment” (145/400, 36.3%) included
keywords such as “treatment” and “chemotherapy;” the topic
“examination and diagnosis” (118/400, 29.5%) included
keywords such as “examination,” “confirmed diagnosis,” and
“detection;” and the topic “social life” (38/400, 9.5%) included
keywords such as “sick friends” and “life.” In the BCF, the
topic “disease treatment” (128/400, 32.0%) included keywords
such as “treatment” and “chemotherapy;” the topic “examination
and diagnosis” (119/400, 29.8%) included keywords such as
“examination” and “confirmed diagnosis;” and the topic “social
life” (58/400, 14.5%) included keywords such as “sisters,”
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“foods,” and “sport.” In the DCF, the topic “disease treatment”
(155/400, 38.8%) included keywords such as “control,”
“treatment,” and “injection;” the topic “examination and
diagnosis” (115/400, 28.8%) included keywords such as
“examination,” “confirmed diagnosis,” and “hyperglycemia;”
and the topic “social life” (31/400, 7.8%) included keywords
such as “foods,” “sport,” and “sick friends.” It can be concluded
that the 3 forums had “disease treatment,” “examination and
diagnosis,” and “social life” themes. However, we noticed that
topics related to disease prevention were rarely discussed in all

3 forums. Table 5 shows the top 10 keywords appearing in each
forum, which primarily focused on disease treatment and
diagnosis. Given the fact that target users of Mijian are patients
after diagnosis, users of the forum tend to discuss topics on
disease treatment and examination more frequently. More
specifically, in both forums on Mijian (LCF and BCF) users
generally paid more attention to topics on disease reexamination,
metastasis, recurrence, anticancer drugs, and drug side effects.
In both the BCF and DCF, users paid more attention to topics
on healthy diet, exercise, and disease management.

Table 5. Top 10 keywords in each of the 3 forums.

Diabetes consultation forum top
keywords

Breast cancer forum top keywordsLung cancer forum top keywordsPeriod

Blood glucose, control, insulin,
fasting, treatment, normal, examina-
tion, diabetes, patients, and detec-
tion

Breast cancer, patients, treatment,
tumor, chemotherapy, cancer,
surgery, influences, examination,
and metastasis

Treatment, patients, chemotherapy,
tumor, lung cancer, father, mother,
confirmed diagnosis, surgery, and
examination

Before January 1, 2020

Blood glucose, control, insulin,
fasting, treatment, normal, examina-
tion, diabetes, patients, and detec-
tion

Breast cancer, patients, treatment,
tumor, chemotherapy, find, influ-
ences, increase, surgery, and exami-
nation

Treatment, patients, chemotherapy,
tumor, find, father, effect, mother,
lung cancer, and condition

January 1, 2020, to October 20,
2020

According to Figure 6A, hot topics on the LCF before January
1, 2020, mainly concentrated on lung cancer treatment,
examination and diagnosis, and social life. The most salient
topic on the LCF was disease treatment, because this topic had
the greatest weight. This category mainly focused on topics
including keywords such as “lung cancer treatment,”
“chemotherapy,” “surgical treatment,” “drug treatment,” and
“treatment effect.” The most relevant topics for treatment were
examination and diagnosis, including keywords such as “lung
pain” and “cough symptoms,” indicating that users discussed
examination and diagnostic contents, as well as the treatment
of lung cancer. Ego networks consist of a focal node known as
the ego, and the nodes to whom the ego is directly connected
to, called alters, with edges showing links between the ego and
altars or between altars. Each alter in an ego network can have
its own ego network, and all ego networks combine to form the
social network. The red nodes in Figure 6A formulate 2 ego
networks for the keywords “father” and “mother.” We found
co-occurrence relationships among the keywords “mother,”
“father,” “confirmed diagnosis,” “reexamination,” and
“surgery,” and they appeared in the same thread, implying that
many users were probably children who consulted and
communicated online health information for their parents. In
the BCF, the hot topics before January 1, 2020, mainly focused
on factors such as breast cancer treatment, social life,
examination and diagnosis, and disease management, as shown
in Figure 7A, and users mainly focused on breast cancer
treatment and chemotherapy, such as endocrine therapy and
treatment effects. The green nodes in Figure 7A formulate an
ego network for the keyword “children.” We found the keywords

related to “result,” and “health” was associated with “children.”
Due to the particularity of breast cancer, patients considered
some special factors such as the health status of the next
generation. Different node colors were used to more clearly
distinguish the ego network of a particular keyword. Since the
ego networks of other nodes do not have obvious characteristic
results, only the ego networks of nodes with characteristic results
are discussed in the paper. In the DCF (Figure 8), the UGC
mainly concentrated on topics like diabetes control and
management, disease treatment, examination and diagnosis,
and social life, including keywords such as “blood glucose
control” and “diet control.” Meantime, the examination and
diagnosis of diabetes were mostly related to disease
management. In Figures 6B and 7B, yellow nodes formulate
the ego network for the keyword “COVID-19,” relating to
keywords such as “infection,” “remission,” “confirmed
diagnosis,” and “influences.” Cancer patients represent one of
the susceptible populations of COVID-19, who are more
vulnerable to COVID-19 complications [56] and prone to
experience severe events on exposure to COVID-19, such as
admission to an intensive care unit or death. Thus, they should
pay more attention to self-protection and social distancing. Since
2020, both in the LCF and BCF, users tended to mention
COVID-19–related matters while discussing their medical
issues. Meanwhile, the relative mention frequencies of other
key topics did not change noticeably. Given that there were
only a few threads (only 130 threads) posted on the DCF after
2020, no clear thematic change was observed to draw any
qualitative conclusions regarding the response of its participants
to COVID-19. Thus, no distinction was made.
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Figure 7. Two separate weighted knowledge networks constructed for the breast cancer forum for the analysis phases (A) August 25, 2015, to January
1, 2020, and (B) January 1, 2020, to October 20, 2020.

Figure 8. The weighted knowledge network constructed for the diabetes consultation forum during its full duration (September 1, 2005, to October
20, 2020).

Discussion

Principal Findings
This study carried out an in-depth analysis of the UGC and
related online user behaviors of 3 large-scale OHCs in China.
We utilized a variety of social network analysis methods and
constructed a knowledge-sharing network for each OHC to
study the evolution laws of the corresponding online community,
discover characteristics of user behaviors, and uncover salient
topics and their relations shared in the virtual community.

Since the existing research conducted on OHCs in China only
examined a small-scale single disease forum, as shown in Table
1, that is, the number of data sets was less than 2000 threads
and less than 10,000 replies [28,30,37,38], the scale was
significantly smaller than that of analyses performed in Western
countries [20,24,26], which severely undermines the reliability
and comprehensiveness of the analysis findings. To meet the
demand and fill the gap, we conducted thorough and extensive
research on 3 representative disease forums selected from the
2 most popular Chinese OHCs. Over 80,000 users, 190,000
threads, and more than 2.8 million replies were crawled to reveal
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the common traits and unique characteristics of user behaviors
and UGC in these forums, which can better support our findings
and represent the overall characteristics of OHCs in China. The
results are discussed in detail below.

First, we found that the data of these 3 disease forums were
polarized, and the underlying data distributions were certainly
nonuniform. In these disease forums, the number of reads per
thread followed gamma distribution (HL=0, HB=0, and HD=0),
and the number of replies per thread followed exponential

distribution ( =0.946, =0.958, and =0.971). However,

the number of threads a user is involved with ( =0.978,

=0.964, and =0.970) and the number of followers of a user

( =0.989, =0.962, and =0.990) both followed power-law
distribution.

Second, users were more active during the weekdays than on
weekends. The thread posting frequencies and reply frequencies
in the abovementioned 3 forums had highly positive correlations
between each other during each hour of the day. In particular,
the LCF and DCF exhibited high temporal similarity (ρ=0.927;
P<.001) in terms of the thread posting frequencies during each
hour of the day. The numbers of threads and replies increased
significantly from 4 AM, and the number of posted threads was
relatively small in each forum around 12 PM and 6 PM. Because
both lung cancer patients and diabetes patients need to pay
attention to their diets, the number of posted threads in the LCF
and DCF had a crest around 2 or 3 hours before the Chinese
mealtime (12 PM and 6 PM).

Besides, the study showed that all 3 forums had the small-world

effect ( =517.15, SDL=13.31, =275.23, SDB=13.02, and

=525.18, SDD=14.38) and scale-free characteristics, and the

user degrees followed the power-law distribution ( =0.997,

=0.994, and =0.968), while their global clustering
coefficients were lower than those of international peer OHCs.
According to the dynamic trends of the community networks,
it was demonstrated that the LCF was still in the developing
stage, the BCF needed to stimulate the activity of “zombie
users,” and the DCF needed to attract more new users and
improve the retention rate of users.

Finally, we found that several hot topics were commonly shared
among the abovementioned 3 disease forums, such as disease
treatment, disease examination, diagnosis, and social life. The
most relevant topics for treatment were examination and
diagnosis, and many children consulted related information for
their parents in the LCF. In the BCF, users paid more attention
to the next generation’s health, while in the DCF, users paid
more attention to the detection of blood glucose and diet control.
Furthermore, we noticed that in both the LCF and BCF, users
tended to mention COVID-19–related matters while discussing
their medical issues after the outbreak of the disease in 2020.

Limitations
There are few limitations in this paper. On one hand, although
2 influential OHCs in China (Mijian and Sweet Home) were
selected for analysis in this study, the analysis results cannot
be extended to all Chinese OHCs. On the other hand, this paper
only focused on the characteristics of the overall social network
structure, which did not distinguish the strong and weak
connections between users and user roles. At the same time,
this study only analyzed the topic content of 1 user, which did
not consider replies or the topic type of a thread. Therefore,
subsequent research should try to add weights to the connection
edges between users to study the influence of users in social
networks, or study the theme changes in different periods.

Conclusions
Our findings shed light on the basic characteristics of social
networks, user behaviors, and UGC in Chinese OHCs. UGC in
OHCs and related online user behaviors can be leveraged as an
important source of information to gain insights on individual
and population health conditions, which can be beneficial for
users to understand hot topics in different forums and gain
knowledge of health management. Despite the fact that OHCs
are developing in China, it is indispensable to take measures to
improve the retention rate and activity of users, increase user
stickiness, analyze user behavior, and mine forum content
themes. It is important to better mine potential content to provide
users with useful information and knowledge. In conclusion,
our research not only contributes to the understanding of the
different characteristics of OHCs, but also helps to discover the
salient topics and latent relations among these topics in each
forum. Hence, effective, timely, and consistent mining and
utilization of content can provide more valuable evidence for
health providers and policymakers.
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Abstract

Background: Medical blogs have become valuable information sources for patients and caregivers. Most research has focused
on patients’creation of blogs as therapy. But we know less about how these blogs affect their readers and what format of information
influences readers to take preventative health actions.

Objective: This study aimed to identify how reading patient medical blogs influences readers’ perceived health risk and their
intentions to engage in preventative health actions. Further, we aimed to examine the format of the medical blog and the reader’s
response.

Methods: We surveyed 99 university participants and a general-population, online panel of 167 participants. Both studies
randomly assigned participants to conditions and measured blog evaluation, intentions for preventative health action, and evaluation
of health risk and beliefs, and allowed open-ended comments. The second study used a different sample and added a control
condition. A third study used a convenience sample of blog readers to evaluate the link between reading medical blogs and taking
preventative health action.

Results: Across 3 studies, participants indicated a desire to take future preventative health action after reading patient blogs.
Studies 1 and 2 used experimental scenario-based designs, while Study 3 employed a qualitative design with real blog readers.
The 2 experimental studies showed that the type of blog impacted intentions to engage in future preventative health actions (Study
1: F2,96=6.08, P=.003; Study 2: F3,166=2.59, P=.06), with a statistical blog being most effective in both studies and a personal
narrative blog showing similar effectiveness in Study 2, contrary to some prior research. The readers’ perceptions of their own
health risk did not impact the relationship between the blog type and health intentions. In contrast, in one study, participants’
judgments about the barriers they might face to accessing care improved the fit of the model (F2,95=13.57, P<.001). In Study 3’s
sample of medical blog readers, 53% (24/45) reported taking preventative health action after reading a health blog, including
performing a self-check, asking a doctor about their health risk, or requesting a screening test. Additionally, these readers expressed
that they read the blogs to follow the author (patient) and to learn general health information. All studies demonstrated the blogs
were somewhat sad and emotional but also informative and well-written. They noted that the blogs made them appreciate life
more and motivated them to consider taking some action regarding their health. 

Conclusions: Reading patient blogs influences intentions to take future health actions. However, blog formats show different
efficacy, and the readers’ disease risk perceptions do not. Physicians, medical practitioners, and health organizations may find it
useful to curate or promote selected medical blogs to influence patient behavior.

(J Med Internet Res 2021;23(12):e23210)   doi:10.2196/23210

KEYWORDS

health blogs; patient blogs; preventative care; cancer; caregivers; perceived risk
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Introduction

Background
Patients and caregivers rely on online blogs, social media posts,
or online health communities to share information about their
illness, treatment paths, or feelings about their condition [1].
Some share with a small circle of friends and family, while
others make their blog posts public and shareable with a
worldwide audience. Many studies have shown the therapeutic
power that writing has for patients [2,3]. Some cancer
organizations now even offer writing classes and activities for
survivors [4], and many health care providers are writing blogs
as well [5,6]. Comparatively less research has focused on the
blog readers, however.

Over the years, the web has become more interactive and
“participatory” with many peer-to-peer communication forms,
such as social media, blogs, and wikis, making up much of what
we do online [7]. Softwarefindr estimated there were over 505
million blogs online [8] in 2018. As of 2020, internet users
create new posts every 0.5 seconds, while 77% of them say they
read blogs regularly [9]. Though lifestyle topics are among the
most popular categories [10], personal health and illness-related
blogs have proliferated as many people go to the internet as
their first source of health-related information [11].

As the Pew Internet Project explains, “peer-to-peer health care
acknowledges that patients and caregivers know things—about
themselves, about each other, about treatments—and they want
to share what they know to help other people.” We have a
natural tendency to want to both seek and share information
about our health, and technological advances have made this
easier than ever [12]. The internet allows community interactions
between individuals, including patients and caregivers, and it
can be a resource for individuals to discover health information.
Further, it has facilitated access to health information and
emotional support [13,14]. Social media conversations also
have proven effective in improving patient knowledge of their
conditions and reducing anxiety [14], but research has
demonstrated that individuals are more likely to consume social
content instead of creating it [15]. In fact, while the internet has
become more participatory, a relatively smaller group of “power
users” contribute more than the average user [15].

Researchers studying cancer patient bloggers found that writing
their own and reading other patients’ stories affected these
patients’perceptions of their illnesses and prognoses [16]. These
cancer patients kept blogs to be remembered after their death,
to release negative emotions and frustrations, and to share
information about their experience with others, especially other
patients. Additional research found that patients explore other
patients’ experiences, find community and belonging, and gain
a sense of hope by reading and following survivor stories on
social media [17-19]. A study of 5 women experiencing
depression reported similar results, finding that the blogs helped
the writers stave off feelings of seclusion, find community, and
form bonds with readers [20]. Moreover, the author coined the
term “narrative sandbox” to refer to these blogs as a “protected
virtual space that allows bloggers to temporarily and
experimentally add or remove different sections from their

narrative” [20]. As such, these narratives are dynamic and
changeable, with the blog readers becoming “active participants
in the writing and rewriting of bloggers’ depression narratives”
[20].

Caregivers—usually parents of ill children, adult children caring
for aging parents, or the patient’s spouse—write many health
blogs as well, and studies of cancer caregiving report the key
motivations: “to report, explain, express, reflect, archive and
advocate” [21]. Thus, these parent blogs provide information
to readers by reporting events and explanations of medical terms
while also expressing feelings, emotions, and reflections about
events. A study of blogs by caregivers of dementia patients
found similar themes, including social support and engagement,
gathering and sharing information, reminiscing and building
legacies, and altruism [22]. Just as the parents of children with
cancer often have to advocate for their children, the family
members of patients with dementia often feel drawn to activism
and want to advocate for others. Some researchers argue that
blogs about the end of life are understudied. In her analysis of
3 late-stage cancer blogs, Andersson [23] posits that the blogs
provide useful language around illness, death, and dying, which
in turn produces emotional responses in the reader. However,
the paper also recognized the deficiencies in our language and
feelings of powerlessness. The paper noted that the blogs often
feature narratives of struggle and fighting the disease, positive
thinking, and even magical thinking, but little direct discussion
of death. This lack of adequate language for discussing death
creates a meaningful bond between the writer and the reader in
their “shared ineffability” or an inability to properly express
their thoughts and feelings about death.

Blog Readers and Health Beliefs
We have seen that blogs about a treatment plan can enhance
patient-provider relationships [24], and participation in online
groups can help empower patients and counteract isolation [25].
Yet, researchers know comparatively less about the influence
of these blogs on their readers. Much of the literature on reading
medical blogs refers to medical students as the readers and how
these blogs enhance medical education [26,27]. Although that
is indeed a worthwhile goal, medical students are not the target
of the present research.

One survey of cancer blog users identified 3 different clusters
[28] that varied by their motivations for reading blogs, and one
segment had the most behavioral change (seeking changes in
care) due to the blogs. However, 59.29% of their sample were
cancer patients, 31.86% were family or friends of cancer
patients, and the remaining 6.19% were medical professionals,
and this study did not explicitly differentiate between the
characteristics of the blog content or between blog users who
were the writers and those who were readers.

A study that explicitly studied blog readers found 4 reasons for
reading blogs and linked these to 3 behavioral outcomes [29].
The 4 motivations for reading blogs included “affective
exchange, information search, entertainment, and getting on the
bandwagon,” while outcomes included changing readers’
opinions, reader-writer interaction, and spread of word-of-mouth
communications to others. Thus, given that reading blogs can
change one’s opinions and motivate some actions, it is
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reasonable to conclude that readers might seek to monitor their
health or take preventative action upon reading an illness blog.

Some characteristics of an illness blog may produce greater
behavioral change than others. According to the Stanford
Encyclopedia of Philosophy, Aristotle presented 3 means to
persuasion: the character or credibility of the speaker (ethos),
the emotional response of the listener (pathos), or the argument
itself (logos) [30]. In addition, Cialdini [31] proposed that people
employ decisional heuristics, or shortcuts, to deal with the
volume of information they encounter. One such heuristic is
similarity, in which people trust and believe those they deem
to be like themselves [32]. Past research also has associated
social proof, another persuasion tool in which we follow what
we see others doing, with persuasion and conforming to
established norms [33]. Similarly, other persuasion tools of
commitment and consistency by Resnik and Cialdini [33] have
also been associated with compliance in behavior.

This research is interested in patient blogs rather than those
written by medical professionals. Thus, we did not investigate
the writer’s credibility (ethos) due to specialized knowledge or
expertise. Instead, the study considers the blog’s emotional
response (pathos) through a personal narrative, which may
demonstrate similarity or social proof to the reader, and
objective data in the form of cancer statistics (logos), which
may be an indication of disease risk.

Past research found that personal stories (narratives) increased
both the perceived risk of infection with the hepatitis B virus
and the intention to vaccinate more than statistical evidence
[34]. This research suggested that personal narratives are less
prone to counterarguing or discounting by the reader, as
messages inconsistent with one’s prior beliefs have been shown
to be [35]. Thus, the researchers proposed: “narratives are hence
expected to be superior in conveying personal health risks than
statistical evidence” [35]. Similar work found statistical data
were less persuasive in an alcohol education message [36], while
other research found anticipated emotions more strongly
predicted influenza vaccination than perceived risk [37]. The
presentation of objective information caused people to rely on
a peripheral cue—the expertise of the source—“so that an expert
communicator induced greater persuasion than did a source
with lower expertise” [38]. Readers would not be likely to
consider a patient to be an expert source, and thus, perhaps,
patient blogs might be less persuasive when written with
statistical data than when written as a personal story.

Objective
While researchers have explored patient use of writing, we know
less about the readers of these writings, and these studies aimed
to fill this gap. The research’s primary objective was to
determine whether medical blog readers intend to take some
health action specifically after reading a health blog (objective
1).

Specifically, we posited that blog type will significantly affect
intentions to take some personal health action, with a personal
narrative eliciting higher intentions than a blog with statistical
data. Thus, the secondary objective was to determine specific
characteristics of the most likely blogs to produce these health

changes (objective 2). The final objective was to determine
whether the blog reader’s perceived health risk will mediate the
effect of blog type on behavioral intentions (objective 3). That
is, do readers believe themselves to be at higher risk after
reading a health blog and then take some preventative action?
To explore the 3 objectives, we employed a combination of
quantitative and qualitative methods across 3 studies.

Methods

Study Design
All research was conducted in the United States using Qualtrics
XM survey software to randomize treatment conditions for
Studies 1 and 2. Study 3 was a qualitative survey with no
treatment conditions.

Studies 1 and 2
The first study was a single-factor design with 3 levels of
medical blog types. This study presented participants with 1 of
3 cancer blog excerpts—a personal narrative (story), a blog with
statistical data about disease prevalence, and a more general
cancer blog. The second study replicated those 3 conditions
with a different sample population and added a control condition
(with no blog excerpt).

Study 3
A third study of real blog readers provided some external
validity and assessed actual preventative health actions taken
(rather than hypothetical, intended actions) after reading a
patient blog. This study utilized a qualitative survey with no
intervention or experimental conditions.

Participants

Study 1
The participants were 99 students in an academic research
subject pool at a large southeastern public university. The
student participants received a few extra credit points in a
college class in exchange for participating in the study. Potential
participants saw a brief description of the study posted using
SONA research panel software, where they could decide which
studies they wished to complete. The completion rate was 97.1%
(99/102) of the sample, while the remaining 2.9% (3/102)
abandoned the online survey without answering any questions
and thus were dropped from the final sample. The sample had
an average age of 24.5 years and was 53% (53/99) female.

Study 2
Study 2 used a sample from the Amazon Mechanical Turk
(MTurk) panel who were over 18 years old. Amazon workers
have their choice of which studies they wish to complete and
when. Participants included 167 Amazon master MTurk workers
(past participants who have provided quality responses to other
researchers) who received a US $2 payment for participation.
An additional 22 participants began the survey and read the
online consent form but answered no other questions; they were
thus dropped from the final dataset, resulting in an 88.4%
(167/189) participation rate. Respondents were 56.4% (94/167)
female with an average age of 44.8 years.
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Study 3
Participants were a convenience sample of actual medical blog
readers recruited through posts to the authors’ social media,
which were then reposted or forwarded in a snowball sample.
Although 59 participants began the survey, 8 participants said
they had not read any medical blogs, and 3 participants were

not sure or did not respond to the question. An additional 3
participants responded that they had read a medical blog but
did not answer any further questions. Thus, the final sample
contained responses from 45 participants. Table 1 summarizes
the sampling, recruitment, and analysis methods employed in
the 3 studies.

Table 1. Summary of participants in the 3 studies that focused on blog intention investigations.

Study 3 (n=45)Study 2 (n=167)Study 1 (n=99)Characteristics

Convenience and snowball sample
of medical blog readers

Amazon MTurk master respondent
panel

University research panelType of sample

Not collected44.8 (21-76)24.5 (18-46)Average age (years), mean (range)

United StatesUnited StatesSouthwestern US research universityLocation

Qualtrics XM Survey SoftwareQualtrics XM Survey SoftwareQualtrics XM Survey SoftwareResearch tools

Blog evaluation scales repeated
from studies 1 & 2 and additional
questions

Adaptation of existing scales and
creation of blog posts

Adaptation of existing scales and
creation of blog posts

Development of tools

Some—convenience snowball
sample

NoPrimarily no (4 of the 99 were en-
rolled in the researcher’s course)

Prior relationship with researcher

YesYesNo—identifying information collect-
ed in a separate file from participant

response data, per institution IRBa

guidelines

Blinded

Statistical analysis

Simple means and % reportedOne-way ANOVA, stepwise regres-
sion (SPSS)

One-way ANOVAb (SPSS)Quantitative data

No coding—qualitative responses
reviewed and summarized

Hand coding of open-ended responsesHand coding of open-ended responsesQualitative data

Not collected94 (56.4)53 (53.3)Female, n (%)

Not collectedNot provided by panelCurrent undergraduate studentsEducation

Recruitment via social media and
snowball sample

Posted on Amazon MTurkc open
studies to eligible panelists

University research panel software:
Sona Systems

Recruitment

76.3f88.4e97.1dPercentage of original sample that
completed the study, %

aIRB: institutional review board.
bANOVA: analysis of variance.
cMTurk: Mechanical Turk.
dN=102.
eN=189.
fN=59.

Intervention and Instruments

Study 1
Survey instruments were developed primarily by adapting
existing materials and scales. The researchers adapted the blog
posts used in Studies 1 and 2 from a publicly available, widely
shared blog post about someone with skin cancer. This public
blog excerpt was adapted and revised to create the 3 conditions
(cancer statistics added to create that condition, for example).
All blog posts were similar in total word length and readability.
The Qualtrics survey software randomly assigned participants
to 1 of 3 experimental conditions (for Study 1), which differed
only in which blog post was presented to participants. The 3

blog types were a personal narrative (focused exclusively on a
patient’s personal story), a general cancer story, and a third
statistics condition (that incorporated data and statistics about
melanoma, rather than a personal story). All sample blog posts
featured the same photo of a young woman and were
approximately the same length.

After first reading the informed consent form and consenting
to participate, subjects saw the sample blog post and answered
an open-ended question asking their thoughts about the blog.
This open-ended question was followed by an evaluation of the
blog itself in terms of readability, informativeness, and interest
on 7-point bipolar scales (all specific scale items and instruments
are included in Multimedia Appendix 1).
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Next, participants indicated how likely they were to engage in
several preventative health actions (see a doctor for a skin check,
monitor your skin yourself for any changes, use sunscreen daily,
use sunscreen when going to the beach, or ask a doctor about
cancer risk) on 7-point scales (from 1 = not at all likely to 7 =
extremely likely). Then, respondents completed health beliefs
model scales [39]; scales were reworded only to relate to skin
cancer or skin checks rather than vaccination. These scales
comprised measures of perceived barriers to seeking care,
perceived benefits of skin checks, perceived susceptibility to
skin cancer, and perceived severity of the effects of skin cancer.
Although not intended to be predictive, we included these scales
to explore potential relationships between constructs.

Finally, participants completed locus of control (loc) scales
measuring internal, external-other (in which powerful others
control events), and external-chance (in which events are due
to fate or luck) loci of control [39]. The survey concluded with
a few personal health questions (whether they used sunscreen
and how often, whether they have ever had a skin check with a
dermatologist, and whether they had a prior diagnosis of skin
cancer). On average, participants spent 652.85 seconds (nearly
11 minutes) on the survey.

Study 2
Study 2 was conducted to replicate the significant effects found
in Study 1 with a larger, general adult (nonstudent) sample
population. Moreover, we added a control condition in which
participants responded to the health intention, health beliefs,
and locus of control measures but were not shown any blog
post. Thus, for this study, the Qualtrics software randomly
assigned participants either to 1 of the 3 blog-type conditions
or to the no blog condition.

All study manipulations and measures were identical to those
of Study 1, except for the addition of the control condition. In
the control condition, instead of presenting a blog sample, we
asked participants where they usually get their health
information and their evaluations of that source. This design
kept the survey to a similar length and provided participants a
task to complete before answering the health intention measures.
On average, respondents spent 618.17 seconds (10.3 minutes)
on the survey.

Study 3
The first 2 studies were hypothetical, scenario-based designs.
Thus, we also conducted a concise survey of real blog readers
to explore our research objectives and assess the effect of
medical blogs on actual preventative behaviors (rather than
intentions). After asking respondents to think about a medical
blog that they had read or followed, the survey asked who wrote
the blog they read, whether they took any personal health-related
actions after reading the blog, and if so, what actions. Next, the
survey asked their reasons for reading the blog, what they liked
or did not like about reading the blog, and for an evaluation of
the blog writing itself. The researchers developed all measures

for this study. These respondents completed the 7-question
survey in an average of 212.9 seconds (3.55 minutes).

Statistical Analysis
We analyzed the quantitative scale data in Studies 1 and 2 with
one-way analyses of variance (ANOVAs) and a simple
regression model using SPSS version 26. Study 3 did not include
an intervention; thus, the only quantitative data reported for that
study were descriptive means and percentages.

The qualitative data from Studies 1 and 2 were analyzed through
a coding process. First, researchers developed a list of codes
for the open-ended, written evaluations of the blog posts based
upon prior literature and an initial review of a sample of
responses. All thought listings were downloaded to a spreadsheet
and separated by respondent. Next, 2 coders, blind to both
experimental condition and research objectives, independently
coded all responses manually in the spreadsheet. Across the
data from Studies 1 and 2, there was nearly 70% agreement
(69.3%) between the 2 coders with a κ value of 0.63 [40]. This
was deemed a sufficiently strong level of agreement, and a third
coder resolved discrepancies.

Ethics
All studies were approved by the Social and Behavioral Sciences
Institutional Review Board (IRB) at a large, public university
in the southeastern United States (IRB 20-0088). Participants
for all studies completed an online consent form prior to
beginning the study and were free to omit any questions or leave
the study at any time.

Study 1 was not blinded, as participant information was required
for awarding the compensation (of the extra class credit).
However, in accordance with the university’s IRB guidelines,
the identifying information was saved to a separate file and not
connected with the experimental responses. Studies 2 and 3
were blinded. Amazon MTurk (used for Study 2) provides only
a user ID, and participant identities are not revealed to
researchers. The final qualitative survey (Study 3) used Qualtrics
anonymous response settings and did not capture any identifying
information.

Results

Study 1
The blog excerpts were rated overall as being easy to read (mean
5.84, SD 1.61), easy to understand (mean 6.29, SD 1.07),
well-written (mean 6.02, SD 1.34), informative (mean 5.64, SD
1.31), emotional (mean 6.16, SD 1.07), and interesting (mean
5.82, SD 1.37). Importantly, these evaluations did not differ
between the 3 blog conditions (all F2,98 values <1.3, P>.30 for
one-way ANOVAs). That is, the different blog types were
judged to be equally informative, easy to read, and emotional.
Thus, any significant effects of blog type on the health intentions
could not be attributed to these characteristics. Table 2
summarizes the individual means for the evaluation of the blog
posts, as well as the behavioral intentions.
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Table 2. Study 1 blog evaluations and behavioral intentions.

Overall (N=99),
mean (SD)

Blog typeCharacteristics

Statistics (n=27), mean
(SD)

General (n=38), mean
(SD)

Personal (n=34), mean
(SD)

Blog evaluation

5.84 (1.61)5.81 (1.71)5.92 (1.60)5.76 (1.58)Easy to read

6.29 (1.07)6.41 (0.97)6.18 (1.21)6.32 (1.01)Easy to understand

6.02 (1.34)6.04 (1.32)5.97 (1.33)6.06 (1.41)Well-written

5.64 (1.31)5.74 (1.16)5.68 (1.25)5.50 (1.33)Informative

6.16 (1.07)5.89 (1.16)6.26 (1.01)6.26 (1.05)Emotional

5.82 (1.37)5.85 (1.49)6.00 (1.21)5.59 (1.44)Interesting

Behavioral intention

4.59 (1.81)5.04 (1.85)4.55 (1.75)4.26 (1.83)Skin check by a doctor

5.73 (1.35)6.30 (0.869)5.71 (1.43)5.29 (1.43)Skin self-check

4.59 (2.16)5.30 (2.15)4.47 (2.19)4.15 (2.05)Sunscreen daily

6.21 (1.49)6.70 (0.669)6.18 (1.45)5.85 (1.87)Sunscreen at beach

5.10 (1.79)6.11 (0.974)4.84 (1.94)4.58 (1.82)Asked a doctor about skin cancer risk

Next, we examined whether blog type affected the readers’
health intentions. First, the set of health intention measures
proved to be reliable as one scale (Cronbach α=.79), with an
overall mean of 26.2 (SD 6.4). The effect of blog type on health
intentions surrounding skin cancer prevention was significant
(F2,96=6.08, P=.003). However, the direction was not as
predicted, as both patient blog types (personal: mean 23.97, SD
1.26; general: mean 25.76, SD 6.10) elicited lower intentions
to take preventative health action than did the blog that presented
statistics without a personal story (mean 29.44, SD 4.54; P=.001,
P=.02, respectively). Table 2 summarizes the means of the
individual health intention measures for all conditions.

On the individual health intention measures, we observed
significant differences between blog conditions only for
self-monitoring of one’s skin (F2,98=4.47, P=.01) and asking a
doctor about one’s cancer risk (F2,97=6.9, P=.002). On both
measures, the blog with statistics led to greater preventative
health intentions than either of the other 2 blog conditions
(personal narrative and general cancer–related.) The 2 measures
about using sunscreen demonstrated P values of .11 and .08,
respectively, while the first measure about seeing a doctor for
a skin check did not differ between blog conditions (P=.26).

The third research proposition was that blog type would
influence health beliefs. First, we assessed the reliability of all
health beliefs subscales, including the perceived barriers to
accessing health care (Cronbach α=.63), perceived susceptibility
(Cronbach α=.68), and perceived severity subscales (Cronbach
α=.69; the perceived benefit of getting a skin check was a
single-item measure, not a multi-item scale). However, the
reliability of the perceived barriers scale was higher (Cronbach
α=.65) without the second item (“a skin check could have
unpleasant side effects”), and the reliability of the perceived
severity subscale was higher without the first item (“skin cancer
may lead to serious health problems”; α=.712 without that item).
Thus, the final reported scales did not include those items.
Moreover, the external-others locus of control scale was used
in full (α=.78), while both the internal loc and external-chance
loc scales had greater reliability if some items were dropped
(αs=.78 for resulting scales; internal loc removed the first 2
items, and chance loc removed the third item); thus, the reduced
scale means are reported in the following sections. Table 3
summarizes the health belief subscales and locus of control
scales (described in subsequent sections), and all scale items
are listed in Multimedia Appendix 1.
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Table 3. Study 1 locus of control.

Number of itemsOverall, mean (SD)Blog typeLocus of control (LOC)

Statistics, mean (SD)General, mean (SD)Personal, mean (SD)

412.62 (4.57)11.08 (4.12)12.46 (3.97)14.06 (5.18)Perceived barriers

15.42 (1.398)5.85 (1.32)5.32 (1.44)5.19 (1.38)Perceived benefits

39.09 (3.83)9.96 (4.38)8.76 (3.23)8.75 (3.99)Perceived susceptibility

518.50 (5.81)20.00 (6.08)18.53 (5.49)17.24 (5.84)Perceived severity

418.79 (4.54)18.81 (4.21)18.84 (4.68)18.70 (4.77)Internal LOC

624.86 (6.41)25.52 (5.08)24.79 (6.64)24.39 (7.21)Powerful others LOC

514.51 (5.63)14.52 (4.53)15.03 (5.88)13.91 (6.23)Chance LOC

Neither the perceived susceptibility to skin cancer (F2,96 =.965
P=.38) nor the perceived severity subscales (F2,97=1.7, P=.19)
varied by blog condition. The perceived benefits of skin checks
also did not differ by condition. However, perceived barriers to
screening did significantly differ by blog condition (F2,96=3.373,
P=.04), with the personal narrative showing greater barriers
than the statistics blog. We did not predict a priori any effects
of blog condition on internal, powerful others or chance locus
of control, and none were found (all F values <1, all P>.70).

Given that the perceived barriers to accessing care differed by
blog type, we incorporated that scale alone into a regression
model. A simple linear regression analysis regressing both blog
type and perceived barriers to care onto the health intentions
scale yielded an overall model that was significant (F2,95=13.57,
P<.001), as well as both variables that were significant
(βblog=.227, t92=2.38, P=.02; βperbarrier=–.36, t92=–3.74, P<.001).
Thus, adding the perceived barriers to care does not eliminate
the effect of blog type on health intentions. Moreover, retaining

the blog type in the regression model improved the model R2

from .179 to .226 (Table 4).

Table 4. Regression analysis results.

P value95% CI ULb95% CI LLaSEEstimateModel factor

<.00116.2715.6302.67910.951(Constant)

<.0010.7810.2400.1360.510PerBarScale

.02–0.310–3.4090.780–1.859Blog version

aLL: lower limit.
bUL: upper limit.

Next, we turned our attention to the analysis of the open-ended
question about the blog. The codes used for this qualitative
analysis are shown in Table 5, along with sample responses and
the number of responses coded into each category. The

most-reported codes for the Study 1 sample were
sadness/sympathy/empathy (code 1), makes one appreciate life
more (code 7), informative (code 4), well-written (code 5), and
makes one think of someone with cancer (code 8).
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Table 5. Coding of open-ended responses and sample respondent statements in Study 1.

Number of responsesSample statementsOpen-ended question code category

17I feel saddened by the writer’s situation and an urge to help by any means
necessary.

1. Sadness/sympathy/empathy

1I feel guilty that I do not appreciate my life enough.2. Feel guilty (eg, to be alive and well when
others are not)

0I feel nervous when I think about this sort of thing happening.3. Feel worried/concerned for oneself

11I think that it is informative about the feelings of people with cancer, which
is something that you do not hear about often.

4. Informative

9I think that Natalie is an excellent writer who is expressing her true feelings
about having cancer.

5. Well-written

2After reading this, I really felt like I want to go and do my annuals, which is
pending.

6. Motivates behavior (eg, will make an ap-
pointment, do a skin check)

13That life is a gift. And we need to leave it with meaning and love what we
do. Be thankful.

7. Makes you appreciate life more

9I’m thinking of all of the people that I know who have had cancer. I have lost
so many family members to cancer.

8. Thought of someone with cancer

4I immediately wanted to close the page when I saw the topic. I feel sick to
my stomach. This is not a topic I would ever want to read about.

9. Did not want to read/would not read

2There are many blogs like that, and I have heard many similar ones.10. No new information/heard it all before

The distribution of codes across the 3 blog versions was also

significantly different (X2
16,68=28.54, P=.03). Both personal

blog types elicited great feelings of sadness and sympathy (code
1), with the personal narrative blog also being considered
well-written (code 5) and the general blog making readers
appreciate their own life more (code 7). Participants most often
cited the statistics blog as being informative (code 4). Notably,
3% (2 out of the 68 who provided a response to the open-ended
question) stated, without prompting, that the blog made them
intend to take some personal medical action.

Study 2
In this sample, the blog excerpts were again rated overall as
being easy to read (mean 6.28, SD 1.17), easy to understand
(mean 6.65, SD 0.724), well-written (mean 6.10, SD 1.28),
informative (mean 5.47, SD 1.43), emotional (mean 5.91, SD
1.26), and interesting (mean 5.64, SD 1.62). There were few
differences in these evaluations across the 3 blog types, except
for how understandable (F2,123=3.45, P=.04) and emotional
(F2,123=3.40, P=.04) the blogs were. The blog with the very
personal story was rated more understandable than the general
blog (P=.01), and the personal story was rated more emotional
than the statistics-focused version (P=.01). Table 6 summarizes
the evaluations of the blog posts.

Table 6. Study 2 blog evaluations.

Overall (N=167), mean (SD)Blog typeCharacteristic

Statistics (n=41), mean (SD)General (n=41), mean (SD)Personal (n=42), mean (SD)

6.28 (1.17)6.59 (0.706)6.12 (1.21)6.14 (1.42)Easy to read

6.65 (0.724)6.71 (0.559)6.41 (0.974)6.81 (0.505)Easy to understand

6.10 (1.28)6.17 (1.26)5.85 (1.30)6.26 (1.27)Well-written

5.47 (1.43)5.78 (1.22)5.24 (1.46)5.38 (1.58)Informative

5.91 (1.26)5.51 (1.08)6.02 (1.24)6.19 (1.37)Emotional

5.64 (1.62)5.59 (1.63)5.56 (1.67)5.76 (1.57)Interesting

Next, we turned our attention to the primary research
objectives—does reading a personal illness blog affect the
reader’s own health intentions (objective 1)? Specifically, is
there an effect of the blog type on these health intentions
(objective 2)? First, the set of health intention measures proved
to be reliable as a scale (Cronbach α=.80), with an overall mean
of 24.48 (SD 6.94). The experimental condition’s effect on
health intentions was not significant in the overall ANOVA

(F3,166=2.59, P=.06). However, looking at the planned
comparisons revealed that all blog conditions led to higher
health intentions than the control (no blog) condition, but there
were no significant differences between the 3 experimental blog
conditions. Specifically, the personal (mean 25.21, SD 6.64;
P=.03) and statistical (mean 25.95, SD 6.81; P=.01) blog
versions led to higher overall health intentions than did the no
blog control (mean 22.02, SD 7.27) condition. The general blog
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(mean 24.49, SD 6.84) condition did not significantly differ
from either the control or the other blog conditions.

One-way ANOVAs conducted on the individual health intention
measures showed a significant difference existed only for daily
sunscreen use (F3,166=4.39, P=.005), with the only other
noteworthy comparison observed for getting a skin check by a
doctor (F3,166=2.06, P=.11). Post hoc tests showed that, for daily

sunscreen usage, all blog conditions indicated greater intentions
than the no blog condition (P=.002, P=.004, and P=.005,
respectively), while both the personal story and statistics blog
versions led to greater intentions to get one’s skin checked by
a doctor than the no blog condition (P=.04 and P=.03,
respectively). Table 7 summarizes the health intention measures
by experimental condition.

Table 7. Study 2 behavioral intentions.

Overall (N=167),
mean (SD)

Blog typeControl (no blog),
mean (SD)

Characteristic

Statistics (n=41),
mean (SD)

General (n=41),
mean (SD)

Personal (n=42),
mean (SD)

4.00 (2.07)4.39 (2.02)3.88 (2.05)4.33 (2.09)3.42 (2.04)Skin check by a doctor

5.76 (1.49)5.95 (1.52)5.71 (1.33)5.74 (1.74)5.65 (1.36)Skin self-check

4.28 (2.16)4.56 (1.86)4.61 (2.02)4.69 (2.12)3.28 (2.33)Sunscreen daily

6.19 (1.61)6.54 (1.31)5.93 (1.88)6.33 (1.41)5.95 (1.75)Sunscreen at beach

4.20 (1.92)4.51 (2.03)4.37 (1.91)4.12 (1.82)3.81 (1.92)Ask a doctor about skin cancer risk

As we did collect demographic data on age and gender in this
study, we also evaluated whether either variable affected the
behavioral intentions, and they did not. The average response
by men (mean 23.91, SD 6.71) on the health intentions scale
did not significantly differ from that of the female-identifying
respondents (mean 25.11, SD 7.00; t158=1.1; P=.27), nor were
there any gender differences on any of the specific items (all P
values >.13). A regression of age on behavioral intention also
was not significant (F2,161=1.3, P=.28).

Respondents in this study also completed the health beliefs and
locus of control scales, which we used to consider our third
research objective about readers’ perceived risk. Although there
is some criticism of how the Cronbach α statistic is used and
disagreement as to what constitutes an acceptable reliability,
values above .6 or .7 are frequently reported as acceptable [41].

All scales here demonstrated Cronbach α>.62: perceived barriers
(Cronbach α=.79), perceived susceptibility (Cronbach α=.63),
perceived severity (Cronbach α=.63), internal locus of control
(Cronbach α=.77), external-other locus of control (Cronbach
α=.82), and external-chance locus of control (Cronbach α=.84).
Moreover, there were no differences on any of these scales by
experimental condition (all F<1.2, P>.20). This implies that
neither the reading of a blog (versus no blog) nor the different
types of blogs affected any of the respondents’ health beliefs
or their loci of control. Post hoc comparisons did, however,
reveal a significant difference in evaluations of external-chance
locus of control between the statistics blog (mean 16, SD 6.24)
and the no blog (control) condition (mean 19.12, SD 6.41;
P=.04); no other differences emerged. Table 8 summarizes these
results.

Table 8. Study 2 locus of control.

Number of
items

Overall (N=167),
mean (SD)

Blog typeControlLocus of control (LOC)

Statistics (n=41),
mean (SD)

General (n=41),
mean (SD)

Personal (n=42),
mean (SD)

516.01 (6.61)14.68 (5.88)16.32 (7.57)15.9 (6.07)17.1 (6.78)Perceived barriers 

15.64 (1.16)5.88 (1.05)5.44 (1.34)5.74 (1.15)5.52 (1.04)Perceived benefits

39.93 (3.68)10.17 (4.02)9.83 (3.73)10.10 (3.68)9.62 (3.86)Perceived susceptibility 

624.05 (5.28)23.73 (4.98)23.55 (5.55)24.60 (5.07)24.30 (5.64)Perceived severity 

629.00 (5.46)28.93 (5.09)29.60 (5.90)28.64 (6.00)28.88 (4.89)Internal LOC 

623.79 (6.73)23.93 (6.63)23.29 (7.14)24.36 (6.23)23.56 (7.11)Powerful others LOC 

617.78 (6.87)16.00 (6.24)17.66 (7.66)18.31 (6.92)19.12 (6.44)Chance LOC 

The number of open-ended thoughts coded into each category
for Study 2 are summarized in Table 9. Overall, the most
common evaluations were feelings of sadness/sympathy, that
the blog was informative, it made them think of someone they
know, and that there was no new information presented.

Comparing across conditions, we see that the most common

responses again varied by blog type (X2
16,121=35.49, P=.003).

For the 2 personal blog versions, the top codes were for
expressions of sadness/sympathy/empathy (code 1) and thinking
of someone they knew with cancer (code 8). The blog with
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statistics evoked far different responses, with informative (code
4), well-written (code 5), and motivates behavior (code 6) being
the most reported. Across the 3 blog types, 5 responses explicitly
expressed worry for oneself, and 8 expressed an intent to be
proactive regarding their health (scheduling a doctor’s

appointment or getting a skin check, for example.) Thus, without
prompting, nearly 11% (13/124, 10.5%) expressed concern
about or desire to act regarding their health because of reading
one sample blog entry.

Table 9. Coding of Study 2 open-ended responses.

Number of responsesOpen-ended question code category

411. Sadness/sympathy/empathy

02. Feel guilty (eg, to be alive and well when others are not)

53. Feel worried/concerned for oneself

224. Informative

155. Well-written

86. Motivates behavior (eg, will make an appointment, do a skin check)

17. Makes you appreciate life more

188. Thought of someone with cancer

39. Did not want to read/would not read

1810. No new information/heard it all before

Study 3
This nonexperimental study surveyed actual self-described
readers of real medical blogs. Most of the blogs read by our
study participants were written by patients (27/45, 60%),
followed by the patient’s spouse or caregiver (7/45, 16%), a
medical professional (6/45, 13%), or the patient’s parent (5/45,
11%). The participants read the blogs for various reasons, chiefly
to stay up to date with their friend or family member’s condition
(23/45, 51%) and to provide support for their friend (21/45,
47%). Many also read the blogs to gain information about a
health condition more generally (11/45, 24%) or to learn
information that may be pertinent for their own health (11/45,
24%). Percentages sum to more than 100% because they were
able to select more than one reason. They found the blogs easy
to read (mean 6.34, SD 1.14), easy to understand (mean 6.25,
SD 1.19), well-written (mean 6.13, SD 1.50), informative (mean

6.23, SD 1.38), and interesting (mean 6.24, SD 1.87). Blogs
were also considered somewhat emotional (mean 4.97, SD 0.83;
all measured on 1 to 7 Likert-type scales).

The central research question for this study (and the paper’s
first research objective) was whether readers took any personal
health action or changed any behaviors based upon reading the
blog, and, indeed, 24 respondents (24/45, 53%) reported doing
so. These responses are summarized in Table 10. Of participants
who reported taking action, 29% (7/24) scheduled a doctor’s
appointment, while others reported requesting a cancer or other
health screening (7/24, 29%); performing a self-exam, such as
a skin or a breast check (5/24, 21%); or asking a doctor about
their own risk (4/24, 17%). Additionally, 54% (13/24) reported
making other health changes, including taking supplements,
making lifestyle modifications, purchasing cancer insurance,
doing additional research, or making donations to disease
research.

Table 10. Preventative health actions taken by participants in Study 3 (n=45).

Responses, n (%)Preventative health action taken

7 (16)Scheduled a doctor’s appointment

7 (16)Requested cancer or other health screening

5 (11)Performed a self-exam

4 (9)Asked a doctor about their own health risk

13 (29)Other (made other health or lifestyle changes)

Participants cited being able to stay updated, especially without
having to impose on their friend or family member for continued
updates, as the greatest motivator for reading the medical blog.
Additional motivations included learning specific ways they
could support the person, feeling connected to the person, and
hearing positive news when that was shared. Several also cited
that the blog writer was very transparent, real, and open, which
they appreciated, or used humor. Comments also corroborated

prior findings about the use of medical statistics, with others
citing how the writer explained detailed scientific information
so that it was understandable for readers, sometimes prompting
them to do additional research. Several participants with health
challenges also said reading the blogs provided some relief to
know that others were going through the same things and helped
confirm their own treatment choices. Most said there was
nothing they did not like or found difficult about reading the
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blogs, but 24% (11/45) of participants described the experience
as very emotional or sad to read, notably if the person’s
condition deteriorated or a treatment was unsuccessful. Those
participants appreciated the blog and found it worthwhile to
read, despite being sad or emotional at times. Interestingly, a
few mentioned that the information was not always correct or
that they would take it more as a suggestion for lifestyle
modification or a reason to do more research, rather than as
medical advice.

Discussion

Principal Findings
We conducted 2 scenario-based, experimental studies with
different sample populations and 1 qualitative survey of real
blog readers to explore the research objectives. All 3 studies
confirmed the first research objective, that reading medical
blogs was associated with intentions to take preventative health
actions, though each study contributed unique findings. Studies
1 and 2 examined the specific characteristics of blogs that led
to greater health intentions (objective 2), but neither perceived
risk nor severity of skin cancer mediated these effects (objective
3). Study 3 confirmed the first objective with real, rather than
intended, behaviors.

Study 1
This study confirmed that blog type significantly affects
intentions to take preventative health action. We predicted that
people would be motivated to take health actions upon reading
a medical blog and that a highly personalized blog would
produce the greatest health intentions. However, we discovered
the reverse—the blog with melanoma statistics produced the
most significant intention to take preventative health action,
higher than either of the other blog conditions, which did not
differ. Moreover, the statistics blog also yielded the lowest
perceived barriers to accessing care compared with the other
blog types. Including both blog type and perceived barriers to
accessing care improved the predictive ability of the regression
model on health intentions. Thus, blog type significantly affected
perceived barriers, which impacted health intentions, but blog
type’s direct effect on behavioral intentions retained its
significance. We conclude that medical blogs can produce
intentions to engage in protective health behaviors, partially
through an effect on perceived barriers to care.

Study 2
Study 2 corroborates and extends the findings of Study 1 by
demonstrating that reading a medical blog excerpt led to greater
intentions to take preventative health actions compared with a
baseline (from a control condition in which participants did not
read a blog entry), and this was true for all the blog versions
we tested. Further, both a highly personal blog and a statistical
blog led to greater personal health intentions than the control
condition. In contrast, the more general cancer blog produced
a moderate level of health intention that was not statistically
different from either the control or the other blog conditions.

However, there were no differences by blog type on any of the
health beliefs. Thus, perceived health risk—either susceptibility
or severity—again did not mediate the effect of blog type on

personal health intentions. Also, blog type and blog reading, in
general, did not affect perceptions of either the barriers to or
the benefits of skin checks. Interestingly, the statistics-oriented
blog did reduce estimates of locus of control attributed to
chance.

Study 3
The final study assessed whether reading medical blogs induced
their readers to take any preventative health action in a
real-world survey rather than a hypothetical scenario. For a
majority of the respondents, it did. While the respondents
primarily read the blogs in order to keep up to date with the
patient’s condition and provide support, they also found the
writing emotional and informative, and many readers took
personal health action as a result of reading the blogs. Reading
medical blogs inspired people in many ways; they made medical
appointments or requested health screenings, conducted
additional research on their own, made donations to
organizations, or made other lifestyle changes.

General Discussion
Researchers have long known medical blogs have demonstrable
patient benefits, but less was known about the impact on their
readers. The top intended health actions across our studies
included skin checks and consulting with a physician about
cancer risk, both of which are important preventative health
actions that can help ensure that a skin cancer is caught early
in a more treatable stage [42]. Furthermore, while our first 2
studies measured hypothetical health intentions, much past
literature incorporating Ajzen’s Theory of Planned Behavior
[43] to health care has found intentions to be predictive of
behaviors such as attending health screenings, engaging in
healthy eating, or participating in regular physical exercise
[44-46]. Thus, the increased intentions are likely to translate
into actions, and Study 3 provides some support for that
conjecture.

Some of our results also ran counter to predictions. The blog
readers in our studies demonstrated a higher propensity to take
preventative health actions when blog posts focused on statistics
rather than personal stories. Whereas some prior literature
showed personal stories to be most persuasive [34], our Study
1 found the statistics-oriented blog to be the most effective, and
Study 2 found it to be as persuasive as the personal narrative.
Because cancer can be scary and overwhelming to contemplate,
there is a natural tendency to believe that cancer patients might
have had either genetic or environmental reasons for their cancer
diagnosis [47], to distance oneself from the situation and
downplay one’s own personal risk. Accordingly, it is possible
that a personal story feels more specific to the writer and less
relatable to the reader. In the past, people even avoided those
with cancer out of fear they might “catch” the disease
themselves [48]. This reduced relatability could minimize
Cialdini’s [49] similarity persuasion tool of the personal
narrative. If one feels that the patient’s story is unique and
personal, then the reader may feel sadness and sympathy for
the patient (as many of our participants in all 3 studies did) but
may not feel motivated to take personal action because they
read the story. And in fact, almost 47% of our Study 3

J Med Internet Res 2021 | vol. 23 | iss. 12 | e23210 | p.982https://www.jmir.org/2021/12/e23210
(page number not for citation purposes)

Taylor & Humphrey JrJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


respondents said they did not engage in any preventative health
actions after reading the blog.

In retrospect, perhaps the statistical blog increased the social
proof aspect of persuasion by illuminating for our study
participants that the condition is more widespread than they
may have thought [31]. Providing some additional support for
this conjecture, Study 1 results showed that the statistics blog
reduced perceived barriers to screening compared with the
personal story blog. Further, Study 2 showed that the statistics
blog reduced the locus of control attributed to chance. Things
that occur due to chance or fate, by definition, cannot be
prevented by one’s own actions. This effect could play a role
in increasing one’s intention to take personal preventative action
if the perceived portion of cancer risk due to chance or fate is
reduced. Perceived behavioral control—or one’s belief in their
ability to perform a behavior—is a central tenet in the Theory
of Planned Behavior and has been found to be an important
driver of intentions in health care [50]. The prospect of these
potential mechanisms deserves further research to clarify our
understanding.

We further explored whether the blog post conditions would
differ significantly from a control (baseline) condition without
any blog post. Indeed, all blog types we studied (general,
statistics-focused, and a personal story) demonstrated greater
health intentions as compared with the condition with no blog.
Specifically, the personal story and statistics-focused blogs were
associated with intention to use sunscreen, while all 3 blog types
were associated with greater intent to schedule a medical visit
for a skin check compared with the control condition. In our
real-world follow-up study, we found that the desire to stay up
to date on a patient’s condition or find general information
motivated survey participants to read medical blogs. As a result
of reading these patient posts, more than 53% of respondents
indicated that they took a preventative medical action (skin
checks, doctor appointments) or other health-related behavior
(additional research, insurance purchase, starting supplements).
Remarkably, none of the blogs impacted perceived severity of
or susceptibility to disease. Thus, perhaps even those readers
who may believe they are at low risk might benefit from reading
health blogs and be spurred to act.

Limitations
Limitations of this research relate to natural concessions made
in sampling. The first study used a research panel at a major
research university, while the second study used a panel from
MTurk. Thus, neither sample may be representative of US adults
more generally. Nonetheless, both samples included a diverse
age range and, despite skewing a bit more female, at least 44%
male-identifying respondents. For the sake of parsimony and
because we did not have specific research objectives about age
or gender, Study 3 did not collect this or any other demographic
data. Thus, we cannot compare the results from that study to
prior literature that examined these variables. Further, we did
not collect educational data for the second or third studies.

Despite limitations inherent with any panel, both experimental
studies provided convergent findings and extended our
understanding of the efficacy of different blog presentations
compared with one another and compared with a baseline

without blog content. We designed the final study to understand
blog readers’ actual preventative health actions and to increase
the robustness of qualitative insights.

The third study used a relatively small convenience sample with
snowball sampling to provide insights into real actions resulting
from reading patient health blogs. Although qualitative research
often precedes quantitative efforts, the first 2 experimental
studies’ findings piqued the researchers’ curiosity to explore
the research objectives further and gain additional insights with
a sample of readers of nonhypothetical medical blogs. Moreover,
while we could have included many other variables, we kept
the Study 3 survey purposefully short to reduce the burden on
participants who received no compensation for participating.
This study nonetheless provides an important step in helping
to make a connection between blog reading and personal
preventative health actions.

Next, this research inquiry looked at specific outcomes related
to skin cancer. It is possible that the most influential blog style
may differ when investigating other conditions, such as healthy
behaviors postbariatric surgery or prevention of the spread of
infectious viruses such as COVID-19. We anticipate that a
relationship between reading health blogs and intended health
actions would exist, but the presentation style and influence of
perceived risk might be different. Additionally, these studies
are among the first of which we are aware to investigate the
impact of reading patient blogs by social media participants.
Patients frequently turn to social media and online communities
for medical information and advice [51,52]; future research is
needed to explore additional predictors and outcomes in this
area.

Conclusions
Blogs from patients undergoing health care treatments have
become quite common. This article corroborates that, despite
the emotional connection driven by personal story blogs, posts
focusing on statistics related to the condition may be more
effective at driving readers’ preventative health intentions. This
increased intention to perform preventative health action occurs
regardless of the reader’s perception of risk. Further, the current
research clarifies that blog posts in general, regardless of format,
are more effective at driving some preventative health intentions
compared with merely thinking about where one gets health
information. This finding indicates that reading patient-created
content may be beneficial regardless of the reader’s own risk
for the health condition. Reading patient blogs may also impact
perceived barriers to accessing care or perceptions of the part
of our health risks that may be within our control (and not
attributable to chance), leading to greater intentions to take
preventative health actions. Finally, we gained insight that
reading blogs, particularly those written by patients, were
motivated primarily by a desire to support the patient, keep up
with the patient, and learn more about the patient’s condition.
Some readers did indicate that they did further research and did
not take blog information at face value, but a majority reported
engaging in protective health action due to their blog reading.

Although much research exists on the benefits of patients’
writing and journaling during health care treatment, the present
research provides a foundation for future studies on patient and
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health outcomes from reading health blogs. As people seek
information online about medical conditions and preventative
options, patient-generated content will appear between content
created by and for medical professionals; health care
practitioners cannot assume patients will only read edited
content from medical professionals. Understanding what type
of content presentation is most effective in encouraging positive

health actions may guide health care providers, patient
coordinators, and patient therapists to guide recommended
content styles with the greatest impact. In the case of the present
studies, the use of informative statistics was the most effective
in driving these intentions. This research could also inspire
future studies in other health specialties to understand how these
results may generalize across medical conditions and treatments.
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Abstract

Background: There is a pressing need for digital tools that can leverage big data to help clinicians select effective antibiotic
treatments in the absence of timely susceptibility data. Clinical presentation and local epidemiology can inform therapy selection
to balance the risk of antimicrobial resistance and patient risk. However, data and clinical expertise must be appropriately integrated
into clinical workflows.

Objective: The aim of this study is to leverage available data in electronic health records, to develop a data-driven, user-centered,
clinical decision support system to navigate patient safety and population health.

Methods: We analyzed 5 years of susceptibility testing (1,078,510 isolates) and patient data (30,761 patients) across a large
academic medical center. After curating the data according to the Clinical and Laboratory Standards Institute guidelines, we
analyzed and visualized the impact of risk factors on clinical outcomes. On the basis of this data-driven understanding, we
developed a probabilistic algorithm that maps these data to individual cases and implemented iBiogram, a prototype digital empiric
antimicrobial clinical decision support system, which we evaluated against actual prescribing outcomes.

Results: We determined patient-specific factors across syndromes and contexts and identified relevant local patterns of
antimicrobial resistance by clinical syndrome. Mortality and length of stay differed significantly depending on these factors and
could be used to generate heuristic targets for an acceptable risk of underprescription. Combined with the developed remaining
risk algorithm, these factors can be used to inform clinicians’ reasoning. A retrospective comparison of the iBiogram-suggested
therapies versus the actual prescription by physicians showed similar performance for low-risk diseases such as urinary tract
infections, whereas iBiogram recognized risk and recommended more appropriate coverage in high mortality conditions such as
sepsis.

Conclusions: The application of such data-driven, patient-centered tools may guide empirical prescription for clinicians to
balance morbidity and mortality with antimicrobial stewardship.

(J Med Internet Res 2021;23(12):e23571)   doi:10.2196/23571
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Introduction

Background
Antibiotic-resistant infections are widespread in the United
States and across the globe and are an urgent threat to human
health [1,2]. In the United States, over 2.8 million resistant
infections occur each year, leading to delayed or ineffective
therapy, longer hospital stays, and increased risk of death [1].
Patients who receive early empiric therapy that matches the in
vitro susceptibility of their infection are up to 12 times more
likely to survive (30-day crude mortality) [3], have shorter
length of stays (LOSs) [4], and less long-term sequelae [5]. At
the same time, overuse and prescription of overly broad
antibiotics increases the risk of antimicrobial resistance (AMR),
creating a positive feedback loop between behavior and
ecological response, perpetuating a vexing health dilemma that
spans sociobehavioral, ecological, and technical dimensions
[6]. Increased antibiotic use in response to the COVID-19
pandemic exemplifies this complexity with the potential to
further amplify the risk of AMR [7,8].

To combat the global AMR crisis today, leading agencies (eg,
World Health Organization, Infectious Disease Society of
America, Centers for Disease Control and Prevention, Agency
for Healthcare Research and Quality, and the Clinical and
Laboratory Standards Institute) have recommended that health
care institutions produce and distribute locally derived
antibiograms to clinicians, primarily as part of antimicrobial
stewardship efforts [9,10]. Antibiograms have traditionally been
high-level printed tabular summaries of local resistance patterns
within an institution. These tables do not account for many
factors known to influence antimicrobial susceptibility [11,12],
even though such data are available in the electronic health
record (EHR).

Recent machine learning reports demonstrated that EHR data
can predict susceptibility, although generally for single disease
types [13-15]. For instance, Yelin et al [13] used a data set of
over 700,000 community-onset urinary tract infections (UTIs)
to show that the use of prior antibiotics predicts AMR. The
underlying machine learning techniques require large data sets
and are therefore best suited for common infections, such as
uncomplicated UTIs [13,15]. Different approaches are needed
for smaller data sets, for example, to understand the influence
of rare patient-specific factors or local susceptibility patterns.

Few hospitals have incorporated patient-specific and
epidemiologic information into traditional antibiograms [16]
or clinical decision support systems (CDSSs) [17-19].
Unit-specific or syndrome-specific antibiograms have been
developed [20-22]. Visual analytics software have been studied
as a tool for integrating data within an EHR on patient risk
factors with isolate-specific susceptibilities [23]. The TREAT
system is one of the most comprehensive and well-documented
diagnostic and antimicrobial decision support tools [24,25].
TREAT uses a sophisticated causal probabilistic network [24]
that hybridizes expert knowledge with heuristics and local
antibiotic susceptibility data. In a multinational randomized
controlled trial in 2013, TREAT use for inpatients led to a

decreased LOS (1 day) but did not show mortality benefits when
all variables were accounted for [25].

Reviews of clinical decision systems for antimicrobial
management [17-19] found a paucity of evidence that these
systems reduce mortality and morbidity when incorporated into
daily clinical workflow, an unnatural segregation of outpatient
and inpatient approaches, and a lack of systematic engagement
with stakeholders about needs and workflow integration for
support systems. A recent survey showed that only 44% of
medical residents knew how to access the local antibiogram
and preferred web-based resources such as UpToDate or the
Sanford Guide [26]. These web-based treatment guidelines are
not tailored to a specific health care environment as local
antibiograms, but they are more accessible and provide explicit
guidance for a case at hand. Thus, decades after the first digital
innovations, the traditional antibiogram, with all its limitations,
is still the most common AMR tool in use today.

Objectives
In this study, we introduce iBiogram as a digital CDSS for
data-driven antimicrobial selection in the absence of definitive
antibiotic susceptibilities. iBiogram addresses the limitations
discussed above by examining infectious disease decision
support as a complex sociotechnical problem [6,27]. Physicians
and CDSS have to work together to complement the
understanding of a specific case with guidance about the local
epidemiology, likelihood of resistance, and associated risk of
failure. Shared representations between algorithms and people
are the key to blending the best qualities of expert knowledge
and digital tools for efficient human technology teamwork in
such cases [28]. Shared representations establish a common
language to translate between clinical expertise and machine
inference to enable efficient human-machine collaboration. To
this end, we explored diverse patient information and
antimicrobial testing results, presented new visualizations of
insights generated from these data, and share the results of
evaluating a new prototype and risk-based metric compared
with historic provider behavior.

Methods

Overview
We systematically evaluated a comprehensive clinical data set
that crossed ambulatory and hospital settings and contained
antimicrobial testing, clinical context, and patient factors. We
then identified local factors influencing microbial prevalence
and AMR, their impact on mortality, and how they combine to
influence the success of antibiotic treatments. Finally, we
developed and tested a decision support tool that may be used
in both low-risk ambulatory settings where overprescriptions
likely dominate and inpatient settings where the risks and
benefits of early and accurate empiric therapy are the greatest.

Data Source and Analysis
We analyzed 5 years of antibiotic susceptibility isolate testing
data and related deidentified patient information from the
University of California San Diego Health Sciences (UCSDHS).
The study was reviewed and approved by the University of
California San Diego Human Research Protections Program
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(Institution Review Board #161853). Positive bacterial cultures
with susceptibility results between May 2011 and November
2016 were included. Contents included identified pathogens;
their susceptibility to tested antibiotics; diagnostic information
from before, during, and after the ordering of cultures; any
medications prescribed before and throughout their visit; the
problem list at the time of order; and general demographic
information.

We processed the data before analysis by removing repeat
susceptibility tests according to the Clinical and Laboratory
Standards Institute guidelines [9]. Suppressed antibiotics and
supplemental tests performed after cultures returned were not
considered for the purposes of this study. The International
Classification of Diseases-10 (ICD-10) codes at order and at
discharge were mapped to syndromes and prevalent
comorbidities; for example, sepsis was defined as a positive
blood culture and a corresponding ICD-10 code. An overview
of the mapping is provided in Multimedia Appendix 1.

We studied the influence of time, demographics, assigned
syndromes, medications, and comorbidities on the resulting
distribution of causal bacteria, their susceptibility, and clinical
outcomes. Logistic regression was used to calculate the odds
ratios (OR) adjusted for age and sex, and the results were filtered
by significance (P<.05). The influence of ineffective therapy
on clinical outcomes was assessed between syndrome-factor
combinations. Critical combinations were identified by
evaluating changes in 7-day all-cause mortality and median
LOS for prescribed treatments.

The impact of factors and comorbidities on the resulting
distribution of causal bacteria, their susceptibility, and mortality
were analyzed using the Python statsmodels package
implementation of logistic regression adjusted for age and sex
to account for significant differences in syndrome types and
commonly occurring organisms, for example, higher rates of
UTI and gram-negative bacteria in women. Age was modeled
as a categorical variable (0-14, 15-24, 25-44, 45-64, and ≥65).
The impact of age and sex was evaluated by controlling for each
other. The change in LOS was analyzed using the
Mann-Whitney U test from the scipy package. The effect size
in days was calculated as the difference in medians to account
for skewed distribution.

Algorithm and iBiogram Decision Support Platform
Development
To analyze and communicate the impact of risk factors for
specific cases, we developed the remaining risk metric as a
shared representation [28]. The risk of ineffective empiric
antibiotic therapy was calculated as the sum of the individual
resistance probabilities of each possible causal agent ri weighted
by the probability of that causal agent ai. With n referring to
the number of possible causal agents:

The remaining risk of combination therapy was calculated by
selecting the minimal ri of all therapy antibiotics. The result

was a prevalence-weighted multiantibiotic antibiogram that we
refer to as iBiogram. We then developed a web-based prototype
of the iBiogram where all statistically significant factors may
be coselected to generate a patient-centric antibiogram, as well
as a recommended set of antibiotics with the best coverage for
predicted organisms.

The iBiogram algorithm draws antibiotics from a knowledge
base that maps antibiotics to syndromes. Antibiotics are
additionally filtered by the available test data for the selected
scenario to prevent inflated rankings caused by a few or, in the
worst case, a single antibiotic susceptibility isolate test. All
possible antibiotic combinations were generated and ranked
based on the remaining subset of antibiotics. Sepsis is currently
the only syndrome that allows the combination of three
antibiotics with amikacin and gentamicin reserved as the third
drug.

Evaluation
The iBiogram algorithm was evaluated by using data before the
last 6 months and comparing the performance of predicted best
treatments to the actual treatments and outcomes in the last 6
months of the data. Physicians’ decisions and iBiogram
prediction decisions were evaluated as successful if the
identified organism was susceptible to any of the prescribed or
recommended antibiotics. For physicians’ empiric therapy
choices, we considered antibiotics prescribed between 24 hours
before and 8 hours after the culture was ordered. Considering
antibiotic stewardship and building on the conducted mortality
analysis, we used predicted-susceptibility targets developed by
Cressman et al [29] to rank potential treatments for a given
syndrome based on the risk of mortality or prolonged LOS.
Prescribed and suggested therapeutic regimens were further
scored on the use of protected antibiotics and essential medicines
according to World Health Organization’s Action for Welfare
and Awakening in Rural Environment Classification Database
[30]. This classification groups therapies into Access group
Antibiotics, those that are broadly active but minimal risk for
resistance, Watch group antibiotics that are high priority
therapies at substantial risk for developing resistance without
stewardship, and Reserve group antibiotics that are saved only
for use in life-threatening multidrug-resistant infections.

Results

Data Summary
Figure 1 depicts an overview of all susceptibility tests for
gram-positive and gram-negative organisms over the full 5-year
data set at the UCSDHS. A complete table is available in the
Multimedia Appendix 2. Here, we re-envision a general static
antibiogram, summarizing prevalence (dot area) and resistance
patterns (red is increasing prevalence). Although printed
antibiograms display only the current quarter, including more
data can result in a higher predictive value for a specified
patient, as a larger number of cases reduces the effect of outliers.
An analysis of larger time windows found no significant
differences between quarterly antibiograms and data, including
up to 7 quarters (Multimedia Appendix 3).
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Figure 1. Overview of antibiotic resistance: Summary of the analyzed data for the most commonly tested antibiotics and causal agents. Each dot
represents all isolates with a given causal agent (horizontal) and tested antibiotic (vertical). The number of isolates is indicated by dot-size and the
probability of resistance is encoded as color ranging from blue (0% resistance) over red (>20% resistance) to black (100% resistance). CN: Coagulase
Negative Staphylococci; CRE: Carbapenem-resistant enterobacteriaceae; CRPA: Carbapenem-resistant Pseudomonas aeruginosa; ESBL: Extended
Spectrum Beta Lactamase producing Enterobacteriaceae; GNR: Gram negative rod; MRSA: Methicillin-resistant Staphylococcus aureus; MSSA:
Methicillin-susceptible Staphylococcus aureus; VRE: Vancomycin-resistant Enterococcus.

Factors Influencing Microbial Ecology, Resistance,
Mortality, and LOS
The risk factors influencing organism prevalence and resistance
at UCSDHS range from well-known contributing factors such
as prior antibiotic use to more specific insights, such as the
influence of a specific transplant history. Figure 2 depicts the
principal factors that drive AMR, Multimedia Appendices 3-6
supply additional data. They were assessed and reported as
adjusted ORs for changes in organism prevalence (left) and
resistance (right). Expected contributing factors included sex,
age, and context, such as whether a patient presented in an
outpatient setting, to an emergency department, or developed
illness while hospitalized. Certain historic patient factors (eg,
diabetes, cystic fibrosis, hemodialysis, or history of
transplantation) were linked to significantly higher rates of
multidrug-resistant organisms. For instance, patients on
hemodialysis had higher rates of carbapenem-resistant

Enterobacteriaceae (CRE; OR 2.4, 95% CI 1.7-3.3). Patients
with health care–associated pneumonia were at increased risk
for Acinetobacter (OR 3.4, 95% CI 2.7-4.4), CRE (OR 3.3, 95%
CI 2.7-4.1), and carbapenem-resistant Pseudomonas aeruginosa
(CRPA; OR 3.3, 95% CI 2.7-4.1). Cystic fibrosis presented the
strongest effects in both ecology and resistance, showing drastic
shifts to Pseudomonas (OR 12.4, 95% CI 11.4-13.5), CRPA
(OR 22.7, 95% CI 18.8-27.3), Stenotrophomonas (OR 5.5, 95%
CI 4.5-6.7), and methicillin-resistant Staphylococcus aureus
(OR 1.7, 95% CI 1.5-1.9), with significant decreases in other
pathogenic organisms.

The syndrome-associated 7-day all-cause mortality, as well as
median LOS, differed significantly based on sensitivity to
empiric treatments. The specific syndrome factors are reported
in Figure 3. Failure to prescribe active antibiotics for patients
presenting with a UTI or community-acquired pneumonia did
not significantly influence mortality or resulted in small changes
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in the LOS, whereas cases of health care–associated pneumonia
and sepsis showed significant increases in mortality and LOS.
For instance, nosocomial sepsis with hematologic malignancy

was significantly associated with increased 7-day all-cause
mortality (OR 3.2) and LOS (+19 days) when empiric antibiotics
were inactive against the causative pathogen.

Figure 2. Factors influencing microbial prevalence (left) and resistance (right): Odds ratios for statistically significant factors (P<.05) influencing the
probability of encountering a specific bacterium or an isolate resistant to a particular treatment were adjusted by sex and age. Sex and age were adjusted
against each other. Factors include demographic information, zip code, medications, syndromes, and comorbidities as coded in International Classification
of Diseases-10. In the left graph, purple indicates a higher prevalence of particular pathogens. In the right graph, red indicates a higher and blue a lower
prevalence of resistant isolates. CAP: community-acquired pneumonia; CN: coagulase-negative Staphylococci; COPD: chronic obstructive pulmonary
disease; CRE: carbapenem-resistant Enterobacteriaceae; CRPA: carbapenem-resistant Pseudomonas aeruginosa; ESBL: extended-spectrum β-lactamases;
GNR: Gram negative rod; HAP: health care–associated pneumonia; ICU: intensive care unit; MRSA: methicillin-resistant Staphylococcus aureus;
MSSA: methicillin-susceptible Staphylococcus aureus; SSTI: skin and soft tissue infection; UTI: urinary tract infection; VRE: vancomycin-resistant
Enterococcus.
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Figure 3. Influence of treatment failure on 7-day all-cause mortality (top) and median length of stay (bottom) in syndromes/risk factor combinations:
A summary of the influence of resistant pathogens for syndromes modified by risk factor or comorbidity. Only significant results (P<.05) are shown.
The top graph shows the age and sex adjusted 7-day all-cause mortality odds ratio for failed treatments, for example, hospital-facility sepsis patient
with ineffective treatment are 4.3 times more likely to die within 7 days. The bottom graph depicts how ineffective treatment affects the median length
of stay for the same combinations including only surviving patients and testing significance using the Mann-Whitney U test. For each syndrome, the
mean mortality and the median length of stay is listed on the y-axis behind the syndrome name in brackets. CAP: community-acquired pneumonia;
CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease; HAP: health care–associated pneumonia; SSTI: skin and soft tissue
infection; LOS: length of stay; UTI: urinary tract infection.

Visualizing Risk of Resistance for Empiric Therapy
The difficult tradeoff between overly broad empiric regimens
and the risk of treatment failure requires a shared representation
that accounts for known risk factors. Consider the scenario
shown in Figure 4 where on the left, we show a filtered
remaining risk antibiogram displaying the performance (chance
of failure) of common empiric antibiotic regimens for patients
presenting with community-onset sepsis in the emergency
department. In the middle, we consider changes in risk
associated with hospital-onset sepsis and on the right for the
subset of these patients with a hematologic malignancy.

An antibiogram for community-onset sepsis would predict the
frequently prescribed empiric therapy of vancomycin and
piperacillin/tazobactam to fail in 11% of pathogens in this data
set. However, after adding hospital-onset and hematologic
malignancy factors, the failure risk increases to 25% and over
28%, respectively, each below the recommended target of
complete or at a minimum 90% coverage (<10% remaining
risk) in cases of severe sepsis [29]. At first glance, daptomycin
and meropenem, less traditional first-line agents for
hospital-onset sepsis, might be considered a better empiric
regimen in these populations, with only 9% remaining risk of
failure.
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Figure 4. Remaining risk of treatment failure in sepsis: A summary of the percent risk of failure for common multidrug regimens in sepsis cases. Shown
are blood culture summations from community-onset sepsis, hospital-onset sepsis, and hospital-onset sepsis in patients with a hematologic malignancy.
Numeric values represent remaining risk (prevalence x predicted resistance) to a given antibiotic or antibiotics. The prevalence (top row) lists the
probability of encountering the delineated causal agents. If a treatment does not cover a pathogen the risk equals the prevalence of that pathogen, for
example, meropenem never covers methicillin-resistant Staphylococcus aureus. The percentage in the remaining risk column (leftmost) sums the
probability of encountering a pathogen not covered by the delineated therapy. Blue color coding represents <1%, increasing in red intensity until, red
≥10%, a minimum threshold suggested for severe infection [29]. CRE: carbapenem-resistant Enterobacterales; ESBL: extended-spectrum β-lactamases;
GNR: Gram negative rod; MRSA: methicillin-resistant Staphylococcus aureus; MSSA: methicillin-susceptible Staphylococcus aureus; PA: Pseudomonas
aeruginosa; VRE: vancomycin-resistant Enterococcus.

Envisioning a Human-Centered Antibiogram
In Figure 5, we provide a prototype digital antibiogram capable
of accounting for the factors that predict the particular ecology
associated with patients sharing these factors, along with the
associated resistance patterns and suggested antibiotics with
their expected coverage. Here, we selected all patients over the
last eight quarters who developed nosocomial sepsis while
receiving antibiotic therapy. In the left panel, we can see the
most prevalent pathogens in this population. The user can scroll
down to see the long tail of the organisms. On the right, a list
of potential treatments (1-3 drugs may be displayed) is shown

with predicted coverage, and the ability to toggle and show the
remaining risk. Overall, using a combination of patient factors,
historic culture data, and antibiotic prescribing rules, the user
can readily select key factors to generate a patient-level
antibiogram that is tailored to the case at hand. The system then
provides a list of therapeutic options (ranked either by predicted
coverage or by remaining risk) and suggests treatments that a
provider may select based on further details such as patient
history of medication allergies, need for bactericidal versus
bacteriostatic drugs, preferred route of administration, drug-drug
interactions, and cost of treatment.
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Figure 5. The iBiogram digital antibiogram: iBiogram is a web-based app that allows the user to select patient demographics, presenting syndrome,
prior use of antibiotics or immune suppression, comorbid conditions, as well as the location and context of infection, the region a patient has come from
and if the pending cultures have been identified as gram-positive or -negative. In the example above, all patients with diabetes on prior antibiotics and
presenting with nosocomial sepsis over 2 years are shown. If the user suspects a specific organism based on history that organism can be selected, and
the table will reorient to show the sensitivities for just that organism. Likewise, a user can select a treatment regimen and examine the organisms that
are sensitive or resistant to the treatment. ESBL: extended-spectrum β-lactamases MRSA: methicillin-resistant Staphylococcus aureus; MSSA:
methicillin-sensitive susceptible Staphylococcus aureus; VRE: vancomycin-resistant Enterococcus.

Comparing Empiric Therapy at the Time of Order
Versus iBiogram Suggestions
Given that patients who received effective empiric therapy were
more likely to survive and had shorter LOS, we analyzed the
failure rate of prescribed empiric therapies based on final
sensitivity results and compared them to the suggested iBiogram
regimens (Table 1). For patients presenting to the emergency
department with a UTI, the most commonly prescribed
antibiotics were ciprofloxacin and ceftriaxone, and the overall
failure rate was 17.7% (85/479), whereas the suggested
iBiogram treatments would have been between 23% and 15.1%.
For the subset of patients with UTIs in the emergency
department with prior antibiotics, the empiric therapy treats
only 74% (48/65; 26.2% failure), whereas suggested regimens

would have achieved a reduction of 3.6%-14.2%. For
community-onset sepsis, the most frequently prescribed drugs
were piperacillin/tazobactam and vancomycin, and the overall
failure rate considering all cases was 8.1% (31/383), compared
with 5.5% for the iBiogram-suggested treatment. For cases of
hospital-onset sepsis, however, where there is significant
associated mortality, prescribed empiric failure rose to 16%
(12/75) in comparison to 7.8% using the proposed antibiotics.
Finally, in cases of hospital-onset sepsis in patients with
hematologic malignancy, where we found the strongest
correlation of mortality and LOS with sensitivity to prescribed
antibiotics, we see failure of empiric therapy climb to 17.4%
(4/27) failure, whereas suggested combinations would have
failed in only approximately 13% of cases.
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Table 1. Comparison of the performance of iBiogram recommendations to actual antibiotics prescribed by doctors at the time of order.a

Retrospective comparison of prescribed empiric therapies to iBiogram suggestionsReceived empiric
antibiotics

Risk factorSyndrome

iBiogram suggestionEmpiric therapy (%)Deceased,
n (%)

TotalDeceased,
n (%)

Total

Measured risk (%); predicted
risk; AWaRe group

AwaRe
group
reserve

AWaRe
group
watch

AWaReb

group access

Measured
risk

0762417.70 (0)4790 (0)939UTIc in the EDd • 23%, nitrofurantoin; 19.4%;
access

• 15.1% ceftriaxone; 17.8%;
watch

0742626.20 (0)650 (0)147UTI in the ED on
antibiotics

• 1.9%, amikacin; 19.3%; ac-
cess

• 18.7% nitrofurantoin and
trimethoprim/sulfamethoxa-
zole; 19.9%; access

29268.130 (7.8)38343 (7.7)562Sepsis, community
onset

• 14.2%, vancomycin and
piperacillin/tazobactam;
9.8%; watch

• 5.5% vancomycin and er-
tapenem; 8.2%; watch

4951167 (9.3)7517 (9.4)181Sepsis, hospital on-
set

• 7.8% daptomycin and
meropenem; 7.6%; reserve

• 3.6% daptomycin and
meropenem+amikacin;
6.8%; reserve

491417.44 (17.4)238 (20.5)39Sepsis, hospital on-
set with hematologic
malignancy

• 15.5% daptomycin and
meropenem; 7.4%; reserve

• 12.9% daptomycin and
meropenem+gentamicin;
5.1%; reserve

aCompares observed prescription and success rates for prescribers in the last 6 months of the study versus suggested iBiogram regimens for cases with
prescriptions based on all prior data. Noted mortality rates are a proxy for risk of using ineffective antimicrobial therapy.
bAWaRe: Action for Welfare and Awakening in Rural Environment.
cUTI: urinary tract infection.
dED: emergency department.

Discussion

Research in Context
On the basis of gaps in the science noted by Curtis [17], Rawson
[18], and Laka [19], this study adopted a systematic
human-centered approach to analyze, visualize, and
operationalize factors associated with AMR, mortality, and LOS
of bacterial infections across a United States academic health
care system, spanning from ambulatory and emergency to
inpatient and intensive care settings. Our efforts differed from
machine learning approaches that remain limited to large
homogenous data sets, as well as from the robust TREAT
program [25], which incorporates more assumed knowledge
but may miss factor associations. This study mirrors significant
efforts such as Detecting and Eliminating Bacteria Using
Information Technologies (DeBUGIT) [31], Wise Antimicrobial
Stewardship Support System (WASPSS) [32], and EPiC IMPOC
(Enhanced, Personalized and Integrated Care for Infection

Management at the Point-Of-Care) [33,34] that have each sought
to optimize bug-drug combinations by fusing data-driven
approaches with expert consensus or guidelines. However, we
propose that our integration of morbidity and mortality with
clinical and microbiological data to present the risk of failure
in a mortality cost-benefit context may be more intuitive to
clinicians balancing patient safety and antimicrobial stewardship
across the continuum of care.

We conducted a comprehensive examination of the factors
influencing microbial ecology and resistance within a large
urban and suburban health care system to set the stage for the
development of an antibiotic recommendation system that can
support clinicians prescribing antibiotics in the absence of
culture data. We identified predictive factors that may be used
to create tailored empiric antibiotic choices; however, these
factors may be difficult to convey using static and nondigital
approaches. Alone, these factors are also insufficient to make
optimal therapeutic decisions, as recommendations to prescribers
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require fusion of purely probabilistic approaches with clinical
heuristics, expert guidelines, and other risk benefit
considerations [24].

We cleaned and created a new graphical representation of the
bacterial prevalence and antibiotic resistance data. At a glance,
this approach can be seen to be more readily informative of both
the likelihood of encountering given pathogens and their
expected pattern of resistance than current paper-based
antibiograms. This approach also demonstrates the limitations
of a hospital-wide and static view of AMR when attempting to
map data to a specific patient and immediately suggests that
more granular patient-specific data could inform better
decision-making. Such a graphical overview could be generated
for subsets of the data to generate and track a fingerprint of
resistance patterns.

The complex sepsis cases in Figure 4 highlight the tension
between the need for more precise, patient-specific, and readily
accessible antibiograms but also indicate that actionable support
for clinicians requires a complex understanding of patient factors
and best practices that may be specific to an institution. For
instance, closer examination and expert clinical experience
revealed that daptomycin may offer little advantage over
vancomycin against methicillin-resistant Staphylococcus aureus,
merely adding coverage against vancomycin-resistant
enterococci, which is generally encountered in specific situations
and may be associated with higher mortality if missed
empirically in these cases [35]. Likewise, the benefits of using
a third agent such as amikacin, a potentially ototoxic and
nephrotoxic drug, over the safer meropenem and daptomycin
combination, would only be worthwhile in specific risk groups
with higher rates of CRE and CRPA, such as patients with cystic
fibrosis or a history of lung transplantation. The robust
performance of amikacin in our data set also highlights the
potential influence of a hospital’s formulary, as amikacin is
rarely used and is not routinely stocked in the study hospital,
where other aminoglycosides are favored. The ability to track
antibiotic use with antibiotic resistance data on broad scales
and among various institutions with different prescribing
practices will ultimately shed important light on antimicrobial
stewardship priorities.

To this end, we developed a digital tool combining up-to-date
hospital data with clinical rules (here syndrome-specific
antibiotics from expert guidelines) as an interactive precision
tool for the selection of antibiotic combinations. This tool covers
many typical scenarios encountered by clinicians across the
continuum of care, ranging from empiric treatment of a UTI in
ambulatory patients to solid-organ transplant recipients with
sepsis presenting to the emergency room and the care of
complex hospitalized patients such as those with stem cell
transplants or cystic fibrosis. Notably, this ecology is highly
regional and often hospital specific, highlighting the need to
incorporate local organism prevalence, local formulary, and
patient-specific risk factors. In the future, the tool could be
readily integrated into EHRs to alert clinicians when prescribed
regimens are too broad in coverage or have higher than accepted
chances of failure. Alternatively, more appropriate regimens
can be suggested. Eventually, such tools could be used for
individual patients with complicated infectious disease histories

or as personalized antibiograms in ambulatory settings. This
might benefit those with frequent infections such as UTI,
dialysis patients with repeated sepsis, or cystic fibrosis patients
with highly specific ecologies.

Our data underscore the potential benefits of more specific
antibiograms as well as the continued need for careful,
case-based consideration of therapeutic options by expert
clinicians. Although the data presented here support the utility
of multidimensional antibiograms, they also highlight the
challenges in designing a balanced tool that offers
generalizability to multiple syndromes and presents therapeutic
options that account for the immediate need for broad coverage
and the counterpoised threat of antibiotic resistance in the
clinical environment. Combining associated mortality data that
is specific to certain patient populations may help navigate this
risk so that narrow-spectrum antibiotic regimens may be used
in low-risk scenarios and broader spectrum treatments could be
saved for short periods in high-stakes scenarios. Table 1
illustrates this point. Here, we see that iBiogram not only
distinguished between syndromes with no mortality (UTI) and
those with high (sepsis), similar to providers, but tailored
treatments further based on other risk factors. Notably, providers
prescribed 74% (48/65) to 75.9% (364/479) of watch antibiotics
in UTI, whereas iBiogram recommended watch group therapies
only in UTI cases with prior antibiotic use. In sepsis, 91%
(21/23) to 95% (71/75) of provider prescriptions were the watch
group and 2.1% (8/383) to 4% (3/75) reserve antibiotics,
whereas the iBiogram system suggested reserve antibiotics only
in high mortality cases, providing better empiric coverage.

Limitations and Future Directions
The retrospective nature of the study and the quality of the EHR
data are the two primary limitations. Retrospectively
distinguishing pathogenic organisms from contaminants can be
challenging. Therefore, we excluded many positive cultures
that did not have a corresponding ICD-10 code. Moreover, many
infections are treated without culture or negative cultures are
ignored. This leads to a selection bias in the analyzed EHR data,
whereby only positive cultures are recorded, likely resulting in
a bias toward higher acuity diseases. The presented factors rely
mainly on ICD-10 codes that (1) limit granularity, (2) are prone
to coding errors, and (3) may not reflect important uncharted
factors, including severity and timing of disease. For instance,
it was not possible to distinguish sepsis from severe sepsis based
on coding alone and medical data such as blood pressure, or
use of pressers, were beyond the scope of this work.
Furthermore, not all antibiotics were tested against all the
isolates. For example, levofloxacin is rarely tested at our
institution because its resistance patterns closely match those
of ciprofloxacin. Finally, new antibiotics are continuously
brought to the market to treat resistant organisms, and
retrospective data will, by definition, not include the newest
available antimicrobials.

Similar to traditional antibiograms, the prototype described in
this work currently focuses only on antibiotic coverage and does
not consider other factors such as side effects, or restricted
institutional antibiotics, nor does it distinguish the mode of
delivery (intravenous vs oral) and the cost or risk of interactions
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with other medications. It also did not present patient-specific
data with regard to recent specific antibiotic exposure or past
personal culture data. Finally, the current version of the
iBiogram did not include data on newer broad-spectrum
antimicrobials such as ceftolozane-tazobactam and
ceftazidime-avibactam, which may offer more reasonable and
less toxic options in the setting of a CRE or CRPA.

Finally, we propose that these methods may be applied to
inter–health care system data to create regional antibiograms
[36-38] or with international databases such as WHONET data,
where the platform could also extend to resource-limited and
rural settings [39]. Therefore, data sets grow in breadth, depth,
and history, machine learning tools and recursive approaches

may increasingly be applied to predict the drivers of ecology
and patterns of resistance.

Conclusions
Overall, we aimed to create an interactive shared representation
of the complex factors that clinicians must navigate for effective
empiric prescriptions. To this end, we developed a CDSS that
strives to promote effective collaboration with users, bridging
the gap in presentation and reasoning between clinical
guidelines, clinicians’expertise, and data science by representing
local outcomes and local ecology in a user-centered tool.
Overall, we propose that such tools could improve clinical and
safety outcomes, reduce adverse events because of inappropriate
antibiotics, provide real-time suggestions to prescribers, and
lower AMR and costs of care.
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Multimedia Appendix 1
Definitions and International Classification of Diseases-10 (ICD-10) mapping. Overview of definitions used for factors, including
the mapping of ICD-10 values to syndromes and comorbidities.
[DOC File , 88 KB - jmir_v23i12e23571_app1.doc ]

Multimedia Appendix 2
Overview of cohort and culture properties after removing duplicate cultures showing the number of patients, visits, isolates, and
susceptibility tests for each factor.
[DOC File , 118 KB - jmir_v23i12e23571_app2.doc ]

Multimedia Appendix 3
Infection ecology over time demonstrates the ecology of infection-causing bacteria in the hospital system. Printed antibiograms
generally consider only the past quarter of the hospital data. Here, we analyze the past quarter’s ecology compared with the past
two quarters, past three quarters, etc. Overlaid represents the P value of each comparison. As shown, the bacterial ecology when
considering the past four quarters is statistically similar (P>.05) to that of the past quarter, suggesting that we can use up to four
quarters).
[PNG File , 64 KB - jmir_v23i12e23571_app3.png ]

Multimedia Appendix 4
All factors influencing microbial prevalence (left) and resistance (right). Odds ratios for statistically significant factors (P<.05)
influencing the probability of encountering a specific bacterium or an isolate resistant to a particular treatment were adjusted by
sex and age. Sex and age were adjusted for each other. Factors included demographic information, zip code, medications,
syndromes, and comorbidities as coded in the International Classification of Diseases-10. In the left graph, purple indicates a
higher prevalence of pathogens. In the right graph, red indicates a higher and blue indicates a lower prevalence of resistant isolates.
[PNG File , 692 KB - jmir_v23i12e23571_app4.png ]

Multimedia Appendix 5
Patient home address influencing microbial prevalence (left) and resistance (right). Odds ratios for statistically significant factors
(P<.05) influencing the probability of encountering a specific bacterium or an isolate resistant to a particular treatment were
adjusted by sex and age. Factors included demographic information, zip code, medications, syndromes, and comorbidities as
coded in the ICD-10. In the left graph, purple indicates a higher prevalence of pathogens. In the right graph, red indicates a higher
and blue indicates a lower prevalence of resistant isolates.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e23571 | p.997https://www.jmir.org/2021/12/e23571
(page number not for citation purposes)

Müller et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

jmir_v23i12e23571_app1.doc
jmir_v23i12e23571_app1.doc
jmir_v23i12e23571_app2.doc
jmir_v23i12e23571_app2.doc
jmir_v23i12e23571_app3.png
jmir_v23i12e23571_app3.png
jmir_v23i12e23571_app4.png
jmir_v23i12e23571_app4.png
http://www.w3.org/Style/XSL
http://www.renderx.com/


[PNG File , 147 KB - jmir_v23i12e23571_app5.png ]

Multimedia Appendix 6
Factors influencing microbial prevalence (left) and resistance (right) in sepsis Odds ratios for statistically significant factors
(P<.05) influencing the probability of encountering a specific bacterium or an isolate resistant to a particular treatment were
adjusted by sex and age. Factors included demographic information, zip code, medications, syndromes, and comorbidities as
coded in the International Classification of Diseases-10. In the left graph, purple indicates a higher prevalence of pathogens. In
the right graph, red indicates a higher and blue indicates a lower prevalence of resistant isolates.
[PNG File , 447 KB - jmir_v23i12e23571_app6.png ]
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Abstract

Background: Interpretation of capsule endoscopy images or movies is operator-dependent and time-consuming. As a result,
computer-aided diagnosis (CAD) has been applied to enhance the efficacy and accuracy of the review process. Two previous
meta-analyses reported the diagnostic performance of CAD models for gastrointestinal ulcers or hemorrhage in capsule endoscopy.
However, insufficient systematic reviews have been conducted, which cannot determine the real diagnostic validity of CAD
models.

Objective: To evaluate the diagnostic test accuracy of CAD models for gastrointestinal ulcers or hemorrhage using wireless
capsule endoscopic images.

Methods: We conducted core databases searching for studies based on CAD models for the diagnosis of ulcers or hemorrhage
using capsule endoscopy and presenting data on diagnostic performance. Systematic review and diagnostic test accuracy
meta-analysis were performed.

Results: Overall, 39 studies were included. The pooled area under the curve, sensitivity, specificity, and diagnostic odds ratio
of CAD models for the diagnosis of ulcers (or erosions) were .97 (95% confidence interval, .95–.98), .93 (.89–.95), .92 (.89–.94),
and 138 (79–243), respectively. The pooled area under the curve, sensitivity, specificity, and diagnostic odds ratio of CAD models
for the diagnosis of hemorrhage (or angioectasia) were .99 (.98–.99), .96 (.94–0.97), .97 (.95–.99), and 888 (343–2303), respectively.
Subgroup analyses showed robust results. Meta-regression showed that published year, number of training images, and target
disease (ulcers vs erosions, hemorrhage vs angioectasia) was found to be the source of heterogeneity. No publication bias was
detected.

Conclusions: CAD models showed high performance for the optical diagnosis of gastrointestinal ulcer and hemorrhage in
wireless capsule endoscopy.

(J Med Internet Res 2021;23(12):e33267)   doi:10.2196/33267

KEYWORDS

artificial intelligence; computer-aided diagnosis; capsule endoscopy; ulcer; hemorrhage; gastrointestinal; endoscopy; review;
accuracy; meta-analysis; diagnostic; performance; machine learning; prediction models
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Introduction

Wireless capsule endoscopy (WCE) allows the investigation of
gastrointestinal mucosal lesions in a noninvasive manner. This
provides approximately 50,000 to 60,000 video frames and
allows visualization of the entire gastrointestinal mucosa in a
single examination without causing discomfort to patients or
risk of procedure-related adverse events [1,2]. Given that the
small intestine has been a blind spot for gastroenterologists,
WCE has become the standard investigation modality for
obscure gastrointestinal hemorrhage and a widely accepted
method for the assessment of small intestinal ulcers or tumors
[1]. Despite easy accessibility, safety, and patients’ comfort for
the examination, WCE has a limitation regarding the
interpretation. A tedious reading time of approximately 30 to
120 minutes is required, and a small number of abnormal video
frames can be easily mistaken for a normal mucosa by
endoscopists [1-3].

Artificial intelligence technology has been adopted in
gastrointestinal endoscopy, and the automatic detection or
diagnosis of abnormal lesions on endoscopic images or movies
has been widely investigated [4,5]. The main benefit of the
application of artificial intelligence would be the reduction of
the laborious reading time and miss rate of important findings
in WCE. Another advantage would be the highly accurate
diagnostic performance, which is comparable to that of an
endoscopist [6]. These artificial intelligence models are expected
to aid in the automatic detection of important lesions in WCE
images, thus making it possible to perform automatic reading
and interpretation of the entire examination.

Previous studies have reported the performance of
computer-aided diagnosis (CAD) models using artificial
intelligence in WCE [7,8]. Machine learning– or deep

learning–based artificial intelligence models with potential
benefits have been reported in these studies. Based on these
findings, 2 meta-analyses have been conducted for the pooled
diagnostic performance of deep-learning models or
convolutional neural network models for the diagnosis of
gastrointestinal hemorrhage or ulcers using WCE [7,8].
However, the first meta-analysis searched only 1 database, and
a substantial number of important articles were omitted.
Moreover, an inaccurate crude number of true positives (TP),
false positives (FP), false negatives (FN), or true negatives (TN)
of CAD models in each study was reported [7]. This inaccurate
pooled diagnostic performance can mislead the readers. The
second meta-analysis searched multiple databases; however, it
also did not include several important papers, and only a single
medical librarian searched all the databases [8]. The main pitfall
was the simple pooling of the sensitivity or specificity in each
study without considering the distribution of abnormal lesions
among the total included lesions in each study. Moreover, the
diagnostic performance for the gastrointestinal ulcers and
hemorrhage was not separated but combined into a single
outcome, and quality assessments in each included study were
also omitted. The method of exploring the reason for the
heterogeneity and the assessment of publication bias also
adhered to the interventional meta-analysis methodology in
both meta-analyses but did not satisfy the diagnostic test
accuracy (DTA) meta-analysis methodology. Given that the
method of conducting interventional and DTA meta-analyses
is different and that a widely accepted standard methodology
exists in conducting the DTA meta-analysis, this can also
mislead the readers (Table 1). Therefore, systematic reviews
conducted thus far have been inadequate, and the real diagnostic
validity of CAD models in WCE has not yet been determined.
This study aimed to evaluate the DTA of CAD models for
gastrointestinal ulcers or hemorrhage using WCE images
through the standard methodology.
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Table 1. Comparison of previous meta-analyses with the current study.

Mohan et al [8]Soffer et al [7]This studyParameters

9 studies for the diagnosis of gastroin-
testinal ulcers or hemorrhage (did not
perform separate analysis between ul-
cers and hemorrhage)

5 studies on gastrointestinal ulcers and
5 studies on gastrointestinal hemor-
rhage

20 studies on gastrointestinal ulcers and
19 studies on gastrointestinal hemor-
rhage

Number of included stud-
ies

Pooled diagnostic performance of CAD
models for gastrointestinal ulcers and
hemorrhage using WCE (not a meta-

analysis with DTAc; lack of considera-
tion for the prevalence of ulcers or
hemorrhage in each study and thus no

calculation of TPd, FPe, FNf, or TNg

in each study)

Separate diagnostic performance of
CAD models for the gastrointestinal
ulcers or hemorrhage using WCE

Separate diagnostic performance of

CADa models for the gastrointestinal

ulcers or hemorrhage using WCEb

Main outcome

Search of ClinicalTrials.gov, Ovid

EBMh Reviews, Ovid, Embase, Ovid
MEDLINE, Scopus, and Web of Sci-
ence (a single medical librarian
searched all the databases)

Search of MEDLINE through PubMed
(2 independent authors searched the
database)

Search of MEDLINE through PubMed,
Web of Science, and the Cochrane Li-
brary (2 independent authors searched
the databases)

Search strategy

Not a meta-analysis with DTA; lack of
consideration for the prevalence of ul-
cers or hemorrhage in each study and
thus no calculation of TP, FP, FN, or
TN in each study

Inaccurate calculation detected in the
study’s figures

N/AiInaccurate calculation
(coding) of TP/FP/FN/TN

I2 statistic (DTA meta-analysis did not

determine heterogeneity with I2 statis-
tics)

I2 statistics (DTA meta-analysis did not

determine heterogeneity with I2 statis-
tic)

Correlation coefficient between the
logarithm of the sensitivity and speci-

ficity, beta of HSROCj model, visual
examination of the SROC curve

Determination of the het-
erogeneity between studies

Not assessedQUADAS-2QUADAS-2kQuality assessment

Not assessedNot assessedDeeks funnel plot asymmetry testPublication bias

aCAD: computer-aided diagnosis.
bWCE: wireless capsule endoscopy.
cDTA: diagnostic test accuracy.
dTP: true positive.
eFP: false positive.
fFN: false negative.
gTN: true negative.
hEBM: evidence-based medicine.
iN/A: not applicable.
jHSROC: hierarchical summary receiver operating characteristic.
kQUADAS-2: Quality Assessment of Diagnostic Accuracy Studies second version.

Methods

Adherence to the Checklist for Systematic Reviews
and Meta-analyses
This study was conducted in accordance with the statement of
the PRISMA (Preferred Reporting Items for a Systematic
Review and Meta-analysis) of DTA Studies [9]. The study
protocol was registered at the International Prospective Register
of Systematic Reviews (PROSPERO) database before initiation

of the systematic review (#CRD42021253454). Approval from
the institutional review board of the Chuncheon Sacred Heart
Hospital was waived.

Search Strategy for Relevant Literature
The authors established searching formulae using keywords
related to the performance of CAD models in the detection of
ulcer or hemorrhage using WCE images. Medical Subject
Headings (MeSH) terminology keywords were used for the
establishment of searching formulae (Textbox 1).
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Textbox 1. Literature searching strategy for the core databases.

1. CAD of gastrointestinal ulcers in WCE

• Database: MEDLINE (through PubMed)

#1. “artificial intelligence”[tiab] OR “AI”[tiab] OR “deep learning”[tiab] OR “machine learning”[tiab] OR “computer”[tiab] OR “neural network”[tiab]
OR “CNN”[tiab] OR “automatic”[tiab] OR “automated”[tiab]: 532189

#2. “capsule endoscopy”[tiab] OR “capsule endoscopy”[Mesh]: 5110

#3. “ulcer”[tiab] OR “ulcer”[Mesh] OR “erosion”[tiab]: 138857

#4. #1 AND #2 AND #3: 29

#5. #4 AND English[Lang]: 29

• Database: Web of Science

#1. artificial intelligence OR AI OR deep learning OR machine learning OR computer OR neural network OR CNN OR automatic OR automated:
1236876

#2. capsule endoscopy: 3524

#3. ulcer: 33664

#4. #1 AND #2 AND #3: 49

• Database: Cochrane Library

#1. artificial intelligence: ab, ti, kw; OR AI: ab, ti, kw; OR deep learning: ab, ti, kw; OR machine learning: ab, ti, kw; OR computer: ab, ti, kw; OR
neural network: ab, ti, kw; OR CNN: ab, ti, kw; OR automatic: ab, ti, kw; OR automated: ab, ti, kw: 60327

#2. MeSH descriptor: [capsule endoscopy] explode all trees: 131

#3. capsule endoscopy: ab, ti, kw: 724

#4. #2 OR #3: 724

#5. MeSH descriptor: [ulcer] explode all trees: 1413

#6. ulcer: ab, ti, kw; OR erosion: ab, ti, kw: 20844

#7. #5 or #6: 20844

#8. #1 and #4 and #7: 2 trials

2. CAD of Gastrointestinal hemorrhage in WCE

• Database: MEDLINE (through PubMed)

#1. “artificial intelligence”[tiab] OR “AI”[tiab] OR “deep learning”[tiab] OR “machine learning”[tiab] OR “computer”[tiab] OR “neural network”[tiab]
OR “CNN”[tiab] OR “automatic”[tiab] OR “automated”[tiab]: 532189

#2. “capsule endoscopy”[tiab] OR “capsule endoscopy”[Mesh]: 5110

#3. “bleeding”[tiab] OR “hemorrhage”[Mesh] OR “angioectasia”[tiab]: 475519

#4. #1 AND #2 AND #3: 82

#5. #4 AND English[Lang]: 79

• Database: Web of Science

#1. artificial intelligence OR AI OR deep learning OR machine learning OR computer OR neural network OR CNN OR automatic OR automated:
1236876

#2. capsule endoscopy: 3524

#3. bleeding OR hemorrhage OR angioectasia: 146789

#4 #1 AND #2 AND #3: 87

• Database: Cochrane Library

#1. artificial intelligence: ab, ti, kw; OR AI: ab, ti, kw; OR deep learning: ab, ti, kw or machine learning: ab, ti, kw; OR computer: ab, ti, kw; OR
neural network: ab, ti, kw; OR CNN: ab, ti, kw; OR automatic: ab, ti, kw; OR automated: ab, ti, kw: 60327

#2. MeSH descriptor: [capsule endoscopy] explode all trees: 131

#3. capsule endoscopy: ab, ti, kw: 724
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#4. #2 or #3: 724

#5. MeSH descriptor: [hemorrhage] explode all trees: 14887

#6. bleeding: ab, ti, kw; OR angioectasia: ab, ti, kw: 46708

#7. #5 OR #6: 53831

#8. #1 AND #4 AND #7: 8 (trials)

Abbreviations

CAD, computer-aided diagnosis; WCE: wireless capsule endoscopy; tiab: searching code for title and abstract; Mesh: Medical Subject Headings; ab,
ti, kw: search code for abstract, title, and keywords; Lang: search code for language; lim: searching code by limiting certain conditions.

Two authors, CSB and JJL, independently performed a core
database search of MEDLINE through PubMed, Web of
Science, and Cochrane Library using pre-established search
formulae from inception to May 2021. Duplicate articles were
excluded. The titles and abstracts of all identified articles were
reviewed, and irrelevant articles were excluded. Full-text
reviews were subsequently performed to determine whether the
pre-established inclusion criteria were satisfied in the identified
literature. The references of relevant articles were also reviewed
to identify any additional studies. Any disagreements of results
in the searching process between CSB and JJL were resolved
by discussion or consultation with the other author (GHB).

Inclusion Criteria of the Literature
The literature included in this systematic review met the
following inclusion criteria: designed to evaluate the diagnostic
performance of CAD models for gastrointestinal ulcers or
hemorrhage based on WCE images; presentation of the
diagnostic performance of CAD models, including sensitivity,
specificity, likelihood ratios, predictive values, or accuracy,
which enabled the estimation of TP, FP, FN, and TN values of
CAD models; and written in English. The exclusion criteria
were as follows: narrative review articles, studies with
incomplete data, systematic review or meta-analyses, comments,
proceedings with only an abstract, or study protocols. A full
publication with PDF files of available proceedings was
considered to be a full article. Articles meeting at least 1 of the
exclusion criteria were excluded from this study.

Assessment of Methodological Quality in the Selected
Literature
The methodological quality of the included articles was assessed
by CSB and JJL using the second version of Quality Assessment
of Diagnostic Accuracy Studies (QUADAS-2). This tool
comprises 4 domains, including “patient selection,” “index test,”
“reference standard,” and “flow and timing,” with the first 3
domains possessing an “applicability” assessment. CSB and
JJL assessed each part as having either a high, low, or unclear
risk of bias [10].

Data Extraction in the Selected Literature, Primary
Outcomes of This Study, and Additional Analyses
CSB and JJL independently extracted the data from each
included article and cross-checked the extracted data. If data
were unclear, the corresponding author of the study was
contacted by email to obtain insight into the original data set.
A descriptive synthesis was made by a systematic review

process, and DTA meta-analysis was conducted if the included
studies were sufficiently homogenous.

The primary outcomes were the TP, FP, FN, and TN values in
each study. For the CAD of gastrointestinal ulcers or
hemorrhage using WCE images, the primary outcomes were
defined as follows: TP, the number of patients with a positive
finding by a CAD model and who had ulcers or hemorrhage as
evidenced by WCE images; FP, the number of patients with a
positive finding by a CAD model and who did not have ulcers
or hemorrhage based on WCE images; FN, the number of
patients with a negative finding by a CAD model and who had
ulcers or hemorrhage as evidenced by WCE images; and TN,
number of patients with a negative finding by a CAD model
and who did not have ulcers or hemorrhage based on the WCE
images. With these definitions, TP, FP, FN, and TN values were
calculated for each included study.

For additional analysis, such as subgroup analysis or
meta-regression, the authors extracted the following variables
from each included study: published year, geographic origin of
the data (ie, Western vs Asian vs public data or unknown), type
of CAD models, type of endoscopic images, number of total
images included, type of test data sets (internal test vs external
test), and the target disease (ulcer vs erosions, hemorrhage, or
angioectasias).

Statistics
The hierarchical summary receiver operating characteristic
(HSROC) method was used for the DTA meta-analysis [11]. A
forest plot of the sensitivity and specificity and a SROC curve
were generated. The level of heterogeneity across the included
articles was determined by the correlation coefficient between
logit-transformed sensitivity and specificity by the bivariate
method [12]; for this, the asymmetry parameter was β, where
β=0 corresponds to a symmetric ROC curve in which the
diagnostic odds ratio (DOR) does not vary along the curve
according to the HSROC method [11]. A positive correlation
coefficient and a β value with a significant probability (P<.05)
indicate heterogeneity between the studies [11,13]. Visual
examination of the SROC curve was also performed to identify
heterogeneity. Subgroup analysis by univariate meta-regression
using the modifiers identified during the systematic review was
also performed to identify the reasons for heterogeneity. STATA
software version 15.1 (StataCorp), including the packages
“metandi” and “midas,” was used for the DTA meta-analysis.
Publication bias was evaluated using the Deeks funnel plot
asymmetry test. For the subgroup analyses including less than
4 studies, the Moses-Shapiro-Littenberg method [14] was
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adopted using Meta-DiSc 1.4 (XI Cochrane Colloquium)
because the “metandi” and “midas” packages require the
inclusion of a minimum of 4 studies for DTA meta-analysis.

Results

Study Selection
A total of 254 studies (80 studies for the CAD of gastrointestinal
ulcers or erosions and 174 studies for the CAD of
gastrointestinal hemorrhage using WCE) were identified
following a literature search of 3 databases. Fifteen studies were

additionally identified by manual screening of bibliographies.
After excluding duplicate studies, additional articles were
excluded after a review of titles and abstracts. Full-text versions
of the remaining 54 and 118 articles were obtained and
thoroughly reviewed based on the aforementioned inclusion
and exclusion criteria in each topic. Among these, 133 articles
were excluded from the final enrollment. Finally, 20 studies
[15-34] for the CAD of gastrointestinal ulcers or erosions and
19 [17,19,24,34-49] studies for the diagnosis of gastrointestinal
hemorrhage were included in the systematic review. A flowchart
of the selection process is shown in Figure 1 and 2.

Figure 1. Flowchart of the search process for the diagnostic performance of computer-aided diagnosis for gastrointestinal ulcers or erosions in wireless
capsule endoscopy.

Figure 2. Flowchart of the search process for the diagnostic performance of computer-aided diagnosis for the gastrointestinal hemorrhage in wireless
capsule endoscopy.
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Clinical Features in the Included Studies
Among the 20 studies [15-34] for the CAD of gastrointestinal
ulcers or erosions using WCE, a total of 40,809 images were
identified (14,866 cases vs 25,943 controls) for the assessment
of the diagnostic performance. Given that the duplicate data
were identified (Karargyris et al in 2009 [15] and Karargyris et
al in 2011 [20]), all the analyses used the data of 19 studies
[15-19,21-34] (a study by Karargyris et al in 2011 [20] was
omitted in the meta-analysis).

Ten studies [16-18,21,25-27,29,31,32] used endoscopic images
from Asian populations, and 3 studies [22,23,33] used
endoscopic images from Western populations. However, 6
studies [15,19,24,28,30,34] used public database images or an
unknown source of images. Regarding the type of CAD model,
a deep neural network or convolutional neural network was
used in 9 studies [16-18,27-29,31-33], and machine
learning–based models were used in 10 studies
[15,19,21-26,30,34]. Most of the included studies [15-28,30-34]
presented the diagnostic performance for the intestinal ulcers.
However, the study by Aoki et al [29] presented an
indistinguishable performance for the intestinal ulcers or
erosions, and the study by Fan et al [27] presented a separate
performance for the intestinal ulcers and erosions. Therefore,
subgroup analyses were performed for the target lesions.
Detailed clinical features of the included studies are presented
in Multimedia Appendix 1.

Among the 19 studies [17,19,24,34-49] for the diagnosis of
gastrointestinal hemorrhage using WCE, a total of 41,323
images were identified (6952 cases vs 34,371 controls) for the
assessment of the diagnostic performance.

Five studies [17], [35], [44], [48], [49] used endoscopic images
from Asian populations, and 1 study [47] used endoscopic
images from Western populations. However, the remaining 13
studies [19,24,34,36-43,45,46] used public database images or
an unknown source of images. Regarding the type of CAD
model, the deep neural network or convolutional neural network
was used in 8 studies [17,35,39,43,46-49], and machine
learning–based models were used in 11 studies
[19,24,34,36-38,40-42,44,45]. Most of the included studies
[17,19,24,34-46,48] presented the diagnostic performance for
intestinal hemorrhage. However, studies by Leenhardt et al [47]

and Tsuboi et al [49] presented the performance for
angiodysplasias. Therefore, subgroup analyses were performed
for the target lesions. Detailed clinical features of the included
studies are presented in Multimedia Appendix 2.

Quality Assessment of Study Methodology
The quality and quantity of baseline training data are important
because the CAD models are established using learning features
of the baseline training data. A sufficient number of training
images are required for the establishment of practical CAD
models, and endoscopic specialists should participate in the
labeling work for the accurate preparation of training data. We
also could not guarantee the quality of images in public
databases searched on the internet. We determined that proper
learning requires at least 30 training images (quantity standard)
from real clinical hospital data (quality standard) labeled by an
endoscopic specialist (quality standard). If both quality and
quantity standards were satisfied, there was considered to be a
low risk of bias in the patient selection domain. If only 1 of
these quality or quantity standards was satisfied, there was
considered to be an unclear risk of bias. If both were not
satisfied, there was considered to be a high risk of bias.

In terms of the CAD of gastrointestinal ulcers or erosions in
WCE, only 7 studies [25-27,29,31-34] were rated as low risk
of bias, 9 studies [16-18,21-24,30,34] were rated as unclear risk
of bias, and 3 studies [15,19,28] were rated as high risk of bias
in the “patient selection” domain. The remaining domains were
rated as having a low risk of bias in all the included studies
(Figure 3). Therefore, classification of methodological quality
in the “patient selection” domain was adopted as a modifier in
the subgroup or meta-regression analysis.

In terms of the CAD of gastrointestinal hemorrhage in WCE,
only 3 studies [44,47,49] were rated as having a low risk of
bias, 10 studies [17,24,34,35,37,38,40,45,46,48] were rated as
having an unclear risk of bias, and 6 studies [19,36,39,41-43]
were rated as having a high risk of bias in the “patient selection”
domain. The remaining domains were rated as having a low
risk of bias in all the included studies (Figure 4). Therefore, the
classification of methodological quality in the “patient selection”
domain was adopted as a modifier in the subgroup or
meta-regression analysis.
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Figure 3. Summary graph of quality in methodology for the computer-aided diagnosis of gastrointestinal ulcers or erosions in wireless capsule endoscopy.
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Figure 4. Summary graph of quality in methodology for the computer-aided diagnosis of gastrointestinal hemorrhage in wireless capsule endoscopy.

DTA Meta-analysis for the Performance of CAD
Models
Among the 20 studies [15-34] for the meta-analysis of the CAD
of gastrointestinal ulcers or erosions using WCE, the area under
the curve (AUC), sensitivity, specificity, positive likelihood
ratio, negative likelihood ratio, and DOR were 0.97 (95% CI
0.95-0.98), 0.93 (95% CI 0.89-0.95), 0.92 (95% CI 0.89-0.94),
11.2 (95% CI 8.6-14.7), 0.08 (95% CI 0.05-0.12), and 138 (95%

CI 79-243), respectively (Multimedia Appendix 3 and Figure
5). The SROC curve is illustrated in Figure 6. To investigate
the clinical utility of the CAD models, Fagan’s nomogram [50]
was generated. Positive findings indicated that gastrointestinal
ulcers or erosions were detected by the CAD models, while
negative findings indicated that gastrointestinal ulcers or
erosions were not detected by the CAD models. Assuming a
23% prevalence of gastrointestinal ulcers or erosions, Fagan’s
nomogram showed that the posterior probability of ulcers or
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erosions was 76% if the finding of the CAD model was positive
and that the posterior probability of ulcers or erosions was only
3% if the finding of the CAD model was negative (Figure 7).

Among the 19 studies [17,19,24,34-49] for the meta-analysis
of the CAD of gastrointestinal hemorrhage in WCE, the AUC,
sensitivity, specificity, positive likelihood ratio, negative
likelihood ratio, and DOR were 0.99 (95% CI 0.98-0.99), 0.96
(95% CI 0.94-0.97), 0.97 (95% CI 0.95-0.99), 38.3 (95% CI
19.6-74.8), 0.04 (95% CI 0.03-0.07), and 888 (95% CI
343-2303), respectively (Multimedia Appendix 4 and Figure

8). The SROC curve is illustrated in Figure 9. Positive findings
of Fagan’s nomogram indicated that gastrointestinal hemorrhage
was detected by the CAD models. Negative findings indicated
that gastrointestinal hemorrhage was not detected by the CAD
models. Assuming a 10% prevalence of small intestinal
hemorrhage in all gastrointestinal bleeding [51], Fagan’s
nomogram showed that the posterior probability of small
intestinal hemorrhage was 81% if the finding of the CAD model
was positive and that the posterior probability of small intestinal
hemorrhage was only 0.5% if the finding of the CAD model
was negative (Figure 10).

Figure 5. Coupled forest plots of sensitivity and specificity in computer-aided diagnosis models for the diagnosis of gastrointestinal ulcers or erosions
in wireless capsule endoscopy images.
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Figure 6. Coupled forest plots of sensitivity and specificity in computer-aided diagnosis models for the diagnosis of gastrointestinal ulcers or erosions
in wireless capsule endoscopy images. AUC: area under the curve; SENS: sensitivity; SPEC: specificity; SROC: summary receiver operating characteristic.
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Figure 7. Fagan’s nomogram for the computer-aided diagnosis of gastrointestinal ulcers or erosions in wireless capsule endoscopy images.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e33267 | p.1012https://www.jmir.org/2021/12/e33267
(page number not for citation purposes)

Bang et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 8. Coupled forest plots of sensitivity and specificity in computer-aided diagnosis models for the diagnosis of gastrointestinal hemorrhage in
wireless capsule endoscopy images.
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Figure 9. Summary receiver operating characteristic curve with 95% confidence region and prediction region of computer-aided diagnosis models for
the diagnosis of gastrointestinal hemorrhage in wireless capsule endoscopy images. AUC: area under the curve; SENS: sensitivity; SPEC: specificity;
SROC: summary receiver operating characteristic.
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Figure 10. Fagan’s nomogram for the computer-aided diagnosis of small intestinal hemorrhage in wireless capsule endoscopy images.

Assessment of Heterogeneity With Meta-regression
and Subgroup Analysis
For the CAD of gastrointestinal ulcers or erosions in WCE, we
first observed a positive correlation coefficient between the
logit-transformed sensitivity and specificity (r=0.28) in the
bivariate model analysis. However, an asymmetric β parameter
in the HSROC model showed an nonsignificant P value (P=.15),
implying that heterogeneity was not present among the studies.
Second, a coupled forest plot of sensitivity and specificity was
observed (Figure 5). Compared with the enrolled studies, the
study by Karargyris et al (2009) [15] showed lower sensitivity
and specificity. This study was found to have a high risk of bias
in the methodology quality assessment (Figure 3). Therefore,
subgroup analysis was carried out according to the
methodological quality, and the performance was robust
although slightly higher values were observed in the studies of

high methodological quality (Multimedia Appendix 3). Third,
the shape of the SROC curve for the gastrointestinal ulcers or
erosions in WCE was symmetric, and the 95% prediction region
was not wide (Figure 6). Fourth, meta-regression using modifiers
identified in the systematic review was conducted, and published
year, number of training images, and target disease (ulcer vs
erosion) were found to be the source of heterogeneity (published
year: P=.04; number of training images: P=.02; target disease
ulcer vs erosion: P=.38; type of endoscopic image: P=.01).
Finally, a subgroup analysis based on the potential modifiers
was performed, and the overall performance of the studies
published within 10 years (vs studies published more than 10
years ago) and studies with more than 100 training images (vs
studies with fewer than 100 training images) showed higher
values (Multimedia Appendix 3).

For the CAD of gastrointestinal hemorrhage in WCE, we first
observed a positive correlation coefficient between the
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logit-transformed sensitivity and specificity (r=0.48) in the
bivariate model analysis. However, an asymmetric β parameter
in the HSROC model showed an nonsignificant P value (P=.06),
implying that heterogeneity was not present among the studies.
Second, a coupled forest plot of sensitivity and specificity was
observed (Figure 8), and there was no significant outlier. Third,
the shape of the SROC curve for the gastrointestinal ulcers and
erosions in WCE was symmetric, and the 95% prediction region
was not wide (Figure 9). Fourth, a meta-regression using the
modifiers identified in the systematic review was conducted,
and published year, number of training images, and target
disease (hemorrhage vs angioectasia) were found to be the
source of heterogeneity (published year: P<.01; number of
training images: P=.04; target disease hemorrhage vs
angioectasia: P<.01). Finally, a subgroup analysis based on the

potential modifiers was performed, and the overall performance
of the studies published within 10 years (vs studies published
more than 10 years ago) and studies with more than 100 training
images (vs studies with fewer than 100 training images) showed
higher values (Multimedia Appendix 4).

Evaluation of Publication bias
The Deeks funnel plot of studies for the gastrointestinal ulcers
or erosions in WCE exhibited a symmetrical shape with respect
to the regression line (Figure 11), and the asymmetry test
showed no evidence of publication bias (P=.77). The Deeks
funnel plot of studies for the gastrointestinal hemorrhage in
WCE exhibited a symmetrical shape with respect to the
regression line (Figure 12), and the asymmetry test showed no
evidence of publication bias (P=.93).

Figure 11. Deeks funnel plot of computer aided diagnosis models for the diagnosis of gastrointestinal ulcers or erosions in wireless capsule endoscopy
images.
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Figure 12. Deeks funnel plot of computer-aided diagnosis models for the diagnosis of gastrointestinal hemorrhage in wireless capsule endoscopy
images.

Discussion

Principal Findings
In this study, CAD models showed high performance values
for the diagnosis of gastrointestinal ulcers or erosions and
hemorrhage in WCE images. Practical values in Fagan’s
nomogram indicated the potential to use CAD models in clinical
practice. Although the main analyses found some heterogeneity
among the included studies, the meta-regression showed the
common reasons for heterogeneity (published year, number of
training images, and target disease—ulcers vs erosions and
hemorrhage vs angioectasia), and subgroup analyses
demonstrated that recently published studies (vs studies
published more than 10 years ago) with a greater amount of
training data (vs studies with fewer than 100 training images)
showed better performance of CAD models. Thorough subgroup
analyses indicated the robust quality of the evidence.

Interpretation of WCE images is an important task for
gastroenterologists. Due to the fact that WCE presents the
images of the whole gastrointestinal tract, lesions that are
difficult to detect with conventional endoscopy can be identified.
Diminutive but important culprit lesions also can be found in
the WCE examination. The noninvasive nature of this
examination and patients’ comfort have also promoted the use
of this technique in the diagnosis of obscure gastrointestinal
hemorrhage or small intestinal disorders. However, the
interpretation process is tedious. At least 30 to 120 minutes of
reading time is required for the endoscopists [1-3]. It is
necessary to maintain concentration throughout the reading time
so as not to miss important lesions. CAD models have the

potential to automate the reading process of WCE with their
high diagnostic performance, especially for sensitivity and
specificity. The overall performance is slightly higher for
gastrointestinal hemorrhage than for ulcers or erosions. It is
presumed that this is because red-colored blood is easier to
distinguish than are white- or yellow-colored ulcers or erosions,
which are similar to the color of the background mucosa for the
pixel-based or red-green-blue spectrum–based feature learning
of CAD.

In the context of the learning way of CADs, neural
network–based CAD models showed a slightly higher
performance than that of traditional machine learning–based
CAD models (Multimedia Appendices 3 and 4). CNN is not
always better than machine learning for accurate classification.
However, image recognition with local feature extraction can
be highly optimized with its complex layers and deep nodes
calculations and dimensional reductions for neural network
CAD models. Considering that the machine learning–based
models in the included studies used color or textures features
in the images of WCE, neural network–based models might
focus on the other local features or combined features, such as
the shape of the lesions or feature differences between the
lesions and background mucosa. Explainable artificial
intelligence analyses are on the rise, and the application of this
technique would provide a method of determination in the CAD
models [52].

Although meta-analyses of same topic have already been
published, this study was conducted to evaluate the DTA of
CAD models for gastrointestinal ulcers or hemorrhage using
WCE images with a standard methodology (Table 1) [7,8].
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Although previous studies also reported the high performance
of CAD models, many important articles were omitted, the

heterogeneity between studies was determined by I2 statistic
(which is used in interventional meta-analysis), methodological
quality assessments were omitted, and the publication bias was
also not assessed.

Limitations
Despite the robust evidence in this meta-analysis, several
inevitable limitations were identified. First, all the performance
data were only measured in an internal-test setting in each
included study. Modeling is an assumption that observations
follow certain statistical rules, and external validation is a
method to check whether this assumption is correct or
generalizable. Therefore, the confirmation of performance in
the established CAD models with unused data in the training
or internal testing process is essential [53]. However, no single
study conducted performance verification in an external
validation setting. Second, the definition of intestinal ulcers or
erosions was vague. Erosion usually refers to damage that is
limited to the mucosa (loss of the epithelium but with the
basement membrane or lamina propria being intact). However,
the definition of ulcers usually involves more extensive loss of
the mucosa beyond the lamina propria. Although the
discrimination between these 2 conditions is not perfect under
visual inspection, there was no clear definition in the included
studies. This can lead to the underestimation or overestimation

of the performance of CAD models. Third, many studies used
baseline training data from a public database, and we could not
guarantee the quality of images in the public databases available
from the internet. The diagnostic performance of the CAD
models can only be valid for the population under evaluation
and depends on the prevalence of target conditions for the
selected population (so-called spectrum bias or class imbalance)
[2,54]. This class imbalance was not considered in the included
studies. Most of the studies except for 1 [34] applied a 1:1 to
1:4 ratio (target condition:normal mucosa) of the training data
set. However, Kundu et al [34] used 31 ulcer images and 1617
normal mucosal images (about a 1:52 ratio) and 65 bleeding
images and 1617 normal mucosal images (about a 1:25 ratio)
in the training data set. Considering that the method of
establishing artificial intelligence models is changing from a
model-centric (ie, change or optimize the model to improve
performance) to a data-centric approach (ie, systematically
change the distribution of the quality of data to improve
performance), model establishment that takes into account
spectrum bias is required. Overall, qualified training data with
clear definitions and a focus on external validation-oriented
performance CAD model establishment are required and
expected for future perspectives in this topic.

In conclusion, CAD models showed high performance for the
optical diagnosis of gastrointestinal ulcers and hemorrhage in
WCE.
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Abstract

Background: With the rapid development of artificial intelligence (AI) and related technologies, AI algorithms are being
embedded into various health information technologies that assist clinicians in clinical decision making.

Objective: This study aimed to explore how clinicians perceive AI assistance in diagnostic decision making and suggest the
paths forward for AI-human teaming for clinical decision making in health care.

Methods: This study used a mixed methods approach, utilizing hierarchical linear modeling and sentiment analysis through
natural language understanding techniques.

Results: A total of 114 clinicians participated in online simulation surveys in 2020 and 2021. These clinicians studied family
medicine and used AI algorithms to aid in patient diagnosis. Their overall sentiment toward AI-assisted diagnosis was positive
and comparable with diagnoses made without the assistance of AI. However, AI-guided decision making was not congruent with
the way clinicians typically made decisions in diagnosing illnesses. In a quantitative survey, clinicians reported perceiving current
AI assistance as not likely to enhance diagnostic capability and negatively influenced their overall performance (β=–0.421, P=.02).
Instead, clinicians’ diagnostic capabilities tended to be associated with well-known parameters, such as education, age, and daily
habit of technology use on social media platforms.

Conclusions: This study elucidated clinicians’ current perceptions and sentiments toward AI-enabled diagnosis. Although the
sentiment was positive, the current form of AI assistance may not be linked with efficient decision making, as AI algorithms are
not well aligned with subjective human reasoning in clinical diagnosis. Developers and policy makers in health could gather
behavioral data from clinicians in various disciplines to help align AI algorithms with the unique subjective patterns of reasoning
that humans employ in clinical diagnosis.

(J Med Internet Res 2021;23(12):e33540)   doi:10.2196/33540
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Introduction

Overview
Artificial intelligence (AI) and related technologies are rapidly
evolving as part of workplace technology to support clinicians’
decision making [1,2]. AI refers to the use of a collection of
intelligent technologies in “the science and engineering of
intelligent machines and computational part of the ability to
achieve goals in the world” [3] or to “model intelligent behavior
with minimal human intervention” [4-6]. Its influence has
permeated retail, marketing, and human resource management
[6]. Specifically in health care, considering the risks of incorrect
predictions, the Consumer Technology Association (CTA) has
reconceptualized health care AI as “assistive intelligence,”
described as “a category of AI-enabled software that ‘informs’
or ‘drives’ diagnosis or clinical management of a patient,” in
which “the health care provider makes the ultimate decisions
before clinical action is taken” [7]. In both clinical and
administrative areas of health care organizations, AI algorithms
are increasingly embedded in health information technologies
(HITs) to assist with clinical functions such as data monitoring,
clinical research, diagnostics, and support compliance for billing
and administrative tasks [8,9]. AI technology in health care is
therefore expected to streamline clinicians’ clinical and
administrative decision making by providing prompt data
analyses and the necessary recommendations to make health
care more efficient and cost-effective.

Particularly within the clinical side of health care organizations,
clinical decision making is based on subjective and objective
patient information and other influencing variables. Clinical
decision making generally refers to the process of making a
choice among options aimed at diagnosis, intervention,
interaction, and evaluation within a context, in which numerous
interactions exist among stakeholders, background knowledge,
and social and technological factors [10]. In other words,
clinicians’ decision making regarding patient health outcomes
or health care diagnoses is largely influenced by numerous
factors such as the idiosyncratic characteristics of patients and
clinicians, consultation environments, and technology used [11].
In this information-rich context, the ability to access and manage
appropriate and accurate information is critical for clinicians to
make decisions on the patient’s behalf. As reflected in the CTA
definition, AI algorithms under these circumstances need to
complement human cognitive processing of electronic medical
records, multimedia images, or laboratory results. Once
successfully incorporated, AI assistance has been shown to help
clinicians reduce adverse events outside of the intensive care
unit by 44% [12].

Thus far, views have been mixed on how AI may “assist” or
“team up with” clinicians through the medical assessment and
diagnosis processes. On the one hand, AI allows clinicians to
freely follow their own paths of inquiry through patient
investigations and select from a database of questions on patient
history, physical examinations, and laboratory tests to make
patient-specific diagnostic decisions [13]. On the other hand,
training AI with a collection of data from the clinicians’ own
subjective diagnoses of various patient cases may not be ideal

for fully utilizing AI techniques [14]. Indeed, inconsistent
performance has also been reported [15]. Given that 83% of
health care organizations have a strategy for AI investment and
deployment in the coming years [16], particularly for electronic
health record management and diagnosis [17], health care
practice and training will follow such trends. However, as core
users of AI, incumbent health care stakeholders in the current
health care system have differential levels of technological
readiness; therefore, clinicians’ existing ability to incorporate
analytic results from AI may hamper the leveraging of the full
potential of AI. In other words, care providers’ attitudes toward
and positive experiences with the assistance offered by
AI-enabled technologies in the process of clinical diagnosis can
help health care organizations reap the benefits of AI
investments by enhancing consistency, quality of care, and
reducing costs [18].

However, research on whether and how clinicians assess AI
assistance in decision-making processes remains limited. Thus
far, in health care AI literature, clinicians’ clinical task
performance is known to be influenced by clinical task types
and evidence-based standards that support AI’s data structure
and clinical integration capacity within health care institutions
[19]. One stream of AI literature, which has focused on the types
of tasks and medical diagnosis, claims that AI algorithms
enhance human clinicians’ capabilities while improving
efficiency in incident reporting and reducing adverse events
[20,21]. However, the quality of health care diagnostic tasks
between clinicians and AI continues to be characterized by
broad discrepancies [22-24]. According to literature on AI’s
data structure, health information management professionals’
ability to improve coded data quality and data patterns is
necessary to ensure the optimal adaptation of teaming with AI
[25]. Moreover, per the literature on the clinical integration of
AI, clinicians’ perceptions should be recognized to enhance the
clinical diagnosis by AI [21,26-29].

In summary, our literature review revealed that, although
advanced AI algorithms have the potential to enhance the quality
and efficiency of health care, the critical users of AI algorithms
are clinicians whose roles are to understand and communicate
with AI. Nonetheless, there has been limited focus in AI health
care research on clinicians’ attitudes toward AI assistance in
actual diagnostic decision making, which may be due to the
infancy of such AI-assisted tools, lack of trust in AI from health
care stakeholders, and potential health-related risks. Therefore,
there is reasonable urgency to examine clinicians’ attitudes and
sentiments toward AI assistance in clinical decision making, to
address the gaps in the existing body of knowledge.

Background and Theory

Medical Diagnostic Knowledge Theory
Clinicians’ decision making includes diagnoses or
high-complexity decisions across medical specialties. A
diagnosis is viewed as an iterative process of “task
categorization” by decomposing patients’health symptoms into
different task classes and matching the given conditions with
the predefined disease categories based on their respective
hypotheses [30]. Clinicians are expected to predict and
determine the course of action based on their knowledge and
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experience and by utilizing information on the features of the
focal clinical situations. The theory of clinical diagnosis revolves
around 2 important concepts: clinical knowledge and clinical
reasoning. The former refers to the fundamental base of
knowledge, and it can be subdivided into 3 categories:
conceptual, strategic, and conditional knowledge [31]. The latter
refers to a holistic process of hypothesis generation, pattern
recognition, context formulation, diagnostic test interpretation,
differential diagnosis, and diagnostic verification, all of which
provide both the language and methods of clinical problem
solving [31]. Once clinicians have obtained clinical knowledge,
they then organize it using mental representations, medical
scripts, or clinical examples, followed by cognitive processes
to translate medical information into testable hypotheses in each
context and evaluate their own clinical reasoning for clinical
diagnosis [32]. Specifically, the conceptual framework of a
clinical diagnosis includes the “hypothetico-deductive model”
(ie, generation of multiple competing hypotheses from
preliminary information provided by patients), decision analysis,
pattern recognition, and intuition [33]. During this process,
challenges exist as to how clinicians match patients’ cases with
known patterns and focus on complex patient information among
many treatment options [33]. In summary, a typical clinical
decision-making process consists of the speedy processing of
the situational features, assessment of the relevant hypotheses,
and investigations and treatments in a sequence [30].

Such clinical reasoning by individual clinicians cannot be fully
supported by AI algorithms’ generalized task categorization,
pattern recognition, and matching [34]. The current level of AI
performs well for clinical knowledge creation by simple
interpretations of medical images, slides, and graphs, as well
as detection of complex relational time-series patterns within
data sets [35,36]. AI algorithms for clinical reasoning (ie, IBM
Watson, chatbots to smartphone apps) are believed to function
as decision support tools for making diagnoses, providing patient
consultation, and detecting certain medical symptoms [26].

In his book Deep Medicine, Eric Topol [37] highlighted the role
of AI in clinical diagnosis as augmented intelligence: Some
clinical knowledge formation via feature selection, task
categorization, and pattern recognition can be aided by AI for
clinicians to perform clinical reasoning by making a clinical
diagnosis. A clinical diagnosis is a high-complexity decision
that needs to be based on information inquiry using idiosyncratic
patient data and threshold-based decision rules. Without clearcut
threshold rules for decisions, AI may not fully process and
analyze idiosyncratic patient cases and inaccurate descriptions
from patients; it may likewise fail to incorporate the complexity
of the diagnosis and predict patients’ adverse conditions [35].
Therefore, the role of AI in clinical reasoning or clinical
diagnosis is expected to be more assistive, and clinicians should
communicate well with AI to prevent any adverse effects of
clinical reasoning on patients’ health outcomes.

Artificial Intelligence Technology Use in Practice and
in Simulation
In practice and in simulation, clinicians are users or collaborators
of such “assistive” AI, contingent upon the extent and scope of
such technologies that are defined within the context. In other

words, AI can refer to algorithms that are embedded in existing
HITs or holistic technological artifacts to be newly implemented
as standalone software. As such, the use of AI is no longer
limited to specific HITs in practice. Clinicians may have
unintentionally encountered various AI technologies through
system interfaces and embedded AI decision-making logic
within systems used in medicine. Owing to such mixed
definitions of AI in health care [38], the effects of AI-assisted
diagnostic performance have been mixed in prior studies.
Positive performance is expected when clinicians trust and
expect the performance of AI [21], whereas information
overload driven by AI algorithms can cause a loss of situational
awareness, thereby negatively affecting clinicians’
decision-making abilities [35]. In addition, clinicians are
perceived as more trusted by patients [26] and that AI algorithms
may not be effective in diagnosing unique cases. Thus, clinicians
need to diagnose and communicate with patients using AI, at
least for a while. The manner through which clinicians make
clinical diagnoses with the support of AI technology and
perceive such a diagnostic decision merits further investigation.

Unlike these practical constraints, observations and evaluations
of clinicians’ health care diagnostic behaviors have been
methods of inducing behavioral changes in safer simulation
contexts. As what is learned throughout clinical health care
training has been associated with what is likely to be carried
out in clinical practice [35] and similar technologies span across
practice and simulation contexts [39], clinicians’ AI attitudes
and performance have been studied and predicted from their
use of simulated AI [40]. Thus, one can examine the way
clinicians have used and familiarized themselves with AI in
simulation and extrapolate their behaviors in practice.

Given that clinicians’ behaviors and readiness to use this
technology can be predicted from simulation experiences [39],
we turned to a context of clinical diagnosis
simulations—whereby clinicians have familiarized themselves
with AI—and evaluated their decisions in a safe and controlled
context. Subsequently, we examined whether and how clinicians
perceive AI assistance and how their perceptions may differ
from other non-AI-based diagnostic situations.

Taken together, in simulation contexts, this study explored
users’ detailed experiences with AI-enabled patient diagnosis
and examined the effect of AI assistance on diagnostic
performance. Thus, the following research questions were
formulated to shed light on clinicians’ attitudes and behavioral
characteristics regarding AI assistance in patient diagnosis:

• Research question 1. During patient diagnosis, what are
clinicians’ sentiments toward AI assistance, and how do
their sentiments differ from other non-AI-based diagnostic
situations?

• Research question 2. How does current AI assistance affect
clinicians’ perceptions of enhancing diagnosis and future
care task performance?
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Methods

Survey Procedure
To this end, our target population was clinicians who have
experience with patient diagnosis encounters using AI-based
diagnostic technology to understand clinicians’ perceptions of
AI-assisted diagnosis in a controlled and safe context where
patient care was not compromised by potentially incorrect AI
algorithms. We recruited clinicians who met the abovementioned
requirement and used AI-based diagnostic technology using
live patient simulations in a nursing simulation lab. We accessed
3 cohorts of family nurse practitioner (FNP) students who
experienced 3 patient diagnosis simulations in the lab:
encounters with live standard patients, encounters with AI
assistance in diagnosing patients using multimedia patient
information, and encounters with patient simulators (ie, lifelike
mannequin patients). Each qualified participant was then
incentivized by US $5 Amazon gift cards for their completion
and the quality of their responses. Consequently, 144 clinicians
were selected and invited to participate in the online simulation
surveys.

In the simulation lab at the College of Nursing, AI-enabled
diagnosis technology has been used in on-ground lessons, in
which faculty and students collaborate to complete virtual
patient cases and in home-based diagnostic decision making
[13,41,42]. In our university, after an AI system developer
implemented the focal AI technology and trained the graduate
nursing faculty on the technology and after the successful go-live
events, this technology was subsequently integrated as part of
the clinical simulations for the students. The software is based
on data from hundreds of actual patients compiled by experts
and AI and based on physiology algorithms [13]. The use of
this system is particularly emphasized in the final year of the
program to promote skills building and practice in clinical
diagnosis.

This interactive AI incorporates intelligence from both humans
and AI physiology algorithms such that evaluators on the other
end of the system can recognize any patterns demonstrated by
those specific users in the process of clinical diagnosis.
Clinicians are known to experience some technical features of
AI, such as search ability, knowledge expression function,
reasoning ability, abstraction ability, speech recognition ability,
and ability to process fuzzy clinical information [13]. In our
context, reasoning ability was embedded by FNP faculty in the
AI-enabled diagnosis technology so that the participants could
make diagnostic decisions with AI assistance and obtain
feedback after completing each patient case.

Survey Instruments
Our online simulation surveys consisted of 2 parts: survey
instruments and open-ended simulation questions. First, for the

survey instruments, each clinician reported their perception of
AI assistance and perceived performance of patient diagnosis
and overall clinical tasks using a 7-point Likert scale ranging
from “strongly disagree” (1) to “strongly agree” (7). Table 1
presents the key survey items sourced from existing information
systems (IS) literature.

As shown in Table 1, our study had 2 dependent variables. One
was diagnostic performance, which we defined as the ability to
provide health care consultations and diagnose health-related
issues properly both in person and via online or telehealth
platforms [3]. We contextualized and operationalized clinicians’
diagnostic capabilities in a virtual context (mean 5.39, SD 0.13)
[30]. The other dependent variable was clinical task
performance, the survey items for which were adapted from the
IS literature (mean 5.48, SD 0.12) [43].

We included control variables that accounted for personal
technological traits and demographics. On the one hand,
personal technological traits were measured via individual levels
of technological advancement, such as personal innovativeness
[44], technological habits [45], and computer literacy [46]. In
the IS literature, personal innovativeness and computer literacy
have been salient in explaining the technology adoption
behaviors of individual users. Here, we defined personal
innovativeness as “the willingness of an individual to try out
any new information technology” [1], whereas computer literacy
is “a judgement of clinicians’ capability to use a computer” [6].
We also included technology habits to control for the
participants’ potential automatic reactions to the use of
AI-enabled diagnosis technology that includes multimedia
information and similar AI algorithms on social media platforms
[47]. Lastly, participants’ demographic characteristics, such as
self-identified gender, age, income, education, and occupation,
were included in the survey to control for potential confounding
effects.

Next, in the part listing open-ended simulation questions, each
clinician was asked to describe their experience with patient
diagnosis under 3 different diagnostic modalities: diagnosing
a live patient, diagnosing a human-like mannequin, and AI-based
diagnostic simulations using AI assistance. In the 3 simulation
prompts, participants were asked to recall their completed patient
cases during the semester and write comments using either
keywords or key phrases. For example, particularly for the AI
case, the scenario prompt reads as given in Textbox 1. After
reading this prompt, participants described “favorite” as well
as “least favorite” diagnosis experiences using keywords or key
phrases in 2 open-ended questions. Each clinician’s 6 diagnostic
encounters were recorded as textual narratives, along with the
3 different simulation contexts of the patient diagnoses.
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Table 1. Key survey items.

ReferencesSurvey itemsaVariables

Dependent variables

[30]Diagnostic performance • OOb system allows me to carefully evaluate the health condition of the patient.
• OO system allows me to thoroughly assess the health condition of the patient.
• OO system allows me to accurately evaluate the patient’s health condition.
• OO system allows me to think critically during the simulation experience.

[43]Clinical task performance • I believe that the use of OO system can increase my overall performance.
• I believe that the use of OO system can increase my effectiveness with the care tasks

when working with live patients in the future.
• With the use of OO system, I believe I can work more efficiently for managing care

tasks when working with live patients in the future.
• I believe that the use of OO system can increase the quality of care.
• I believe that the use of OO system can decrease error rates in communication and

information sharing with other care members in the future.
• I believe that the use of OO system will help me understand what I have learned.

Independent variable

AIc assistance • Clinicians’experience of AI-assisted diagnostic simulation (binary: 1, with AI assis-
tance; 0, live patient encounter with no AI assistance)

Key control variables

[44]Personal technology trait: technology
habit

• The use of social media has become a habit for me at work.
• I am addicted to using social media at work.
• I must use social media at work.
• Using social media has become natural to me at work

[45]Personal technology trait: personal
innovativeness

• If I heard about a new information technology, I would look for ways to experiment
with it.

• In general, I am hesitant to try out new information technologies.
• Among my peers, I am usually the first to try out new information technologies.
• I like to experiment with new information technologies.

[46]Personal technology trait: computer
literacy

• I could complete the health care task using health information technology if there
was no one around to tell me what to do as I go

• I could complete the health care task using health information technology if I had
just the built-in help menu for assistance.

• I could complete the health care task using health information technology if someone
showed me how to do it first.

• I could complete the health care task using health information if I had used similar
apps before this one to do the same job.

aEach item uses a seven-point Likert scale ranging from “strongly disagree” (1) to “strongly agree” (7).
bOO system refers to artificial intelligence–enabled diagnosis technology in our research setting.
cAI: artificial intelligence.

Textbox 1. Example scenario of artificial intelligence (AI)–based patient diagnosis.

You read a case description about a 50-year-old patient on an AI-based diagnosis system. His complaints are about back pain. “My back has been
hurting for around five days. I bent over to pick something up in my print shop and I had this severe pain in my back. It hurts so much so it is hard to
stand up. The pain is on and off throughout the day—maybe four times, for half an hour each, especially when I am walking around. It is mostly a
dull aching pain.”

Study Design
Using clinicians’ quantitative and qualitative responses from
our online simulation surveys, we utilized a mixed method to
analyze our mixed data. According to Creswell [48] and
Creswell and Clark [49], mixed methods research “incorporates
qualitative and quantitative data to solve complex research
questions and hypotheses, and it is suitable for explaining what

(ie, estimating overall trends in participant behaviors within the
population) and obtaining an in-depth understanding of why
(ie, specific individual behaviors in the subsamples).” This
method is particularly useful for exploring context-specific
variables and understanding beyond the importance of research
variables by delving into the underlying mechanisms using
causal models.
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Mixed methods research includes sequential and concurrent
designs such that qualitative and quantitative data can be
collected sequentially in the former, whereas both types of data
are obtained at the same time in the latter [50]. Each category
has a specific design typology based on the emphasis on the
importance of qualitative or quantitative data, the analysis
process, and theoretical emphasis (see Castro et al [50] for an
in-depth discussion on designs of mixed methods research). We
applied a concurrent triangulation design, because both
quantitative and qualitative data were collected concurrently,
and such data were used to accurately describe and examine
clinicians’ experiences and sentiments toward AI assistance in
clinical decision making [50].

Statistical Analysis
We utilized qualitative and quantitative data using natural
language understanding (NLU) and hierarchical linear modeling
(HLM). Regarding the first research question—capturing
clinicians’ respective sentiments in 3 cases of patient diagnosis
simulations—we analyzed textual narratives to understand what
clinicians perceived about the diagnosis process in teaming with
AI and compared it with non-AI-involved diagnostic situations
using NLU. Textual comments consisted of a single sentence
or a small number of keywords. To incorporate such data
characteristics, we deemed NLU, as a subfield of computer
science, an adequate method based on its explicit focus on the
use of computational techniques to learn, understand, and
produce human language content, and many information
technology firms, such as Microsoft, Google, and IBM, have
developed NLU platforms and algorithms [51,52]. We utilized
IBM Watson Natural Language Understanding-77 for its
well-known performance and cross-evaluation results.
Understanding each participant’s language content was more
suitable than traditional text mining analytics [52-54].

Next, for quantitative data analysis, we implemented HLM
estimation techniques to answer the second research
question—measuring the effect of the current form of AI
assistance on clinicians’ diagnostic decision making and care
task performance. In our data, each clinician’s clinical diagnosis
experience was nested within the program. In other words, under

the same graduate program, each participant was exposed to
the same sets of patient diagnosis simulations with 3 modalities
and reported their responses with 3 diagnosis simulations
repeatedly. This context could engender statistical dependency
among the responses [55]. Moreover, in the research model, the
outcome variable (ie, the clinical diagnosis) was at the individual
level, and the AI assistance variable was at the group level (or
graduate nursing program), leading to a multilevel research
program in the same research model [21]. To mitigate such
dependency and estimate this multilevel model, we used the
STATA 16.1 (StataCorp, College Station, TX) xtmixed
procedure to carry out generalized linear modeling using the
restricted maximum likelihood or residual maximum likelihood
estimation. The xtmixed procedure fits linear mixed models
that include fixed (or standard regression coefficients) and
random effects that are not estimated directly but by variance
component. The default covariance structure is independent
covariance. We also specified other covariance structures (eg,
exchangeable and unstructured) to validate our mixed model
results (see [56] for an in-depth discussion of mixed models
and covariance structures).

Results

We explored clinicians’perceptions and performance prospects
toward AI assistance in patient diagnosis research. These
relations and sentiments are evidenced by the results of
generalized linear models as well as qualitative text analysis
with direct quotations from the health care worker sample.

User Statistics
A total of 114 clinicians completed our online surveys during
the 2020-2021 study period (response rate: 114/144, 79.2%).
In summary, 66.7% (76/114) of the participants were between
26 years old and 40 years old, 49.1% (56/114) were white, and
84.2% (96/114) identified as female. Additionally, 89.5%
(102/114) worked either full time or part time in hospitals or
clinics. In terms of education, 24.6% (28/114) had a graduate
degree, whereas all the participants had obtained a bachelor’s
degree in nursing with prior clinical experience before joining
the graduate program, as shown in Table 2.
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Table 2. Respondent demographics (N=114).

Results, n (%)Characteristics

Self-identified gender

16 (14.0)Male

96 (84.2)Female

2 (1.8)Not disclosed

Age (years)

10 (8.8)18-25

76 (66.7)26-40

26 (22.8)41-55

2 (1.8)56-65

Income (US $)

20 (17.5)25,000-49,999

32 (28.1)50,000-74,999

30 (26.3)75,000-99,999

4 (3.5)≥100,000

28 (24.6)Prefer not to answer

Education

82 (71.9)Bachelor’s degree

20 (17.5)Master's degree

8 (7.0)PhD

4 (3.5)Others

Occupation

54 (47.4)Working full time

48 (42.1)Working part time

6 (5.3)Unemployed

6 (5.3)Other

Race

22 (19.3)African American

8 (7.0)Asian

2 (1.8)Native Hawaiian or Pacific Islander

56 (49.1)White

20 (17.5)Other

6 (5.3)Prefer not to answer

Urban/rural area

98 (86.0)Urban

10 (8.8)Rural

6 (5.3)Other

Research Question 1: Sentiment Analysis Results
To identify clinicians’ sentiments toward AI assistance, we
compared the clinicians’ perceptions regarding AI-assisted
diagnosis and non-AI diagnosis contexts. Table 3 presents some
narrative examples in our data set whereby the clinicians
described what they liked and disliked about the patient

diagnosis process with the help of AI-aided technology, with a
live human patient, and with a human-like mannequin/patient
simulator.

The results of the NLU analyses are reported in Tables 4, 5, and
6. We found that clinicians perceived their patient diagnosis
experience differently across the 3 simulation cases. The positive
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sentiment scores for the diagnosis process were 0.99 for the live
patient, 0.92 for teaming up with AI assistance, and 0.41 for
the patient simulator. In contrast, the negative sentiment score
was the highest with the patient simulator (sentiment score =
–1), followed by the live patient (sentiment score = –0.97) and
AI assistance (sentiment score = –0.87). Specifically, our
respondents perceived diagnostic simulations with AI
technology less negatively and more positively compared with
diagnosing a live human patient. Table 4 reports each positive
and negative sentiment score for all 3 cases, with scores ranging
from –1 to 1.

Tables 5 and 6 present the most relevant keywords from the
textual narratives for the 3 simulation cases. The respondents

perceived AI-based diagnostic simulations positively for the
following reasons: “convenient access,” “thorough assessment
skills,” “student interaction convenience,” “interactive learning
rationale,” “good learning opportunities” and “[a] vast range of
questions.” At the same time, they also perceived the AI-based
diagnosis simulation to contain a “long system,” “strict sensitive
clicking,” “differential diagnosis,” “large learning curve,” and
“technical difficulties,” and they found it to be a “hard system.”
These keywords indicated that the current form of AI assistance
may lead to differential diagnosis logic relative to clinicians’
own logic and hypotheses, and technical difficulties could cause
users to be averse to the technology.

Table 3. Some narrative examples in our data set, based on 65 recorded instances.

Non-AI assistance contextAIa assistance contextNarrative valence

Diagnosis experience with HPSbDiagnosis experience with live patientsDiagnosis experience with AI assistance

“Very realistic, lifelike scenarios”“interaction, being able to gauge the patient,
reading facial expressions, immediate
feedback”

“I don’t feel like I am under pressure and
can do it at my own pace”

Positive comments

“being watched through a one-way
mirror”

“I'm not an actor, and it felt like acting; im-
mediate feedback”

“not having an orientation on how to
work the system (first time user)”

Negative comments

aAI: artificial intelligence.
bHPS: human patient simulator. It is worth nothing that the clinicians recorded their retrospective experience with the HPS, as it was not used in the
graduate program.

Table 4. Clinicians’ emotions with patient diagnosis under 3 different scenarios, based on 65 recorded instances.

Non-AI assistance contextAIa assistance contextSentiment

Diagnosis experience with HPSbDiagnosis experience with live patientsDiagnosis experience with AI assistance

0.410.990.92Positive sentimentc

–1–0.97–0.87Negative sentimentc

aAI: artificial intelligence.
bHPS: human patient simulator. It is worth nothing that the clinicians recorded their retrospective experience with the HPS, as it was not used in the
graduate program.
cThe sentiment score ranged from –1 (negative) to 1 (positive).
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Table 5. Extracted keywords from clinicians’ positive textual narratives, based on 65 recorded instances.

RelevanceaKeyword

AIb assistance context: diagnosis experience with AI assistance

0.976987Convenient access

0.641589Thorough assessment skills

0.62027Good practice student interaction convenience

0.612274Interactive learning rationales

0.599706Good learning opportunities

0.559626Questions

0.542493Vast list of questions

0.537307Question banks

0.534484Times

0.518757Issues

0.515202Convenience

0.514838Scenario

0.513546History

0.512584Patient data

0.507775Plan

0.5077Pressure

0.507442Diagnoses

0.507159Students

0.506215Ease

0.505864Choices

Non-AI assistance context: diagnosis experience with live patients

0.89935Fast convenient real experience

0.706168Fast convenience

0.68436Real-life situation

0.68049High quality

0.664928Telehealth: convenient fast access

0.602068Real world

0.600372Real life

0.581455Live patient

0.581031Physical actions convenience

0.561663Video interactions

0.546701Convenience

0.540142Best learning experience

0.536408Challenging open-ended questions

0.534688Live experience

0.533209Positive feedback

0.532791Patients

0.529643Facial expressions

0.528151Experience

0.526369Common complaint
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RelevanceaKeyword

Non-AI assistance context: diagnosis experience with HPSc

0.721493Good practice

0.696931Real patient

0.695137Less fear

0.633235Convenient reinforcement of learning

0.60778Better interaction

0.591024Real world

0.58642New things

0.58135Future trend

0.581078Clear case

0.554921Convenience

0.543254Patient simulators

0.527845Point

0.519927Scenarios

0.518499Mistake

0.513818Practice maneuvers

0.512968Patients

0.512967Experience

0.510172Ease

0.507779Survey

0.507779Person

aRelevance scores range from 0 to 1, reflecting that higher values indicate greater relevance.
bAI: artificial intelligence.
cHPS: human patient simulator. It is worth nothing that the clinicians recorded their retrospective experience with the HPS, as it was not used in the
graduate program.
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Table 6. Extracted keywords from clinicians’ negative textual narratives, based on 65 recorded instances.

RelevanceaKeyword

AIb assistance context: diagnosis experience with AI assistance

0.837534First-time user

0.779516Long system

0.634627Strict sensitive clicking

0.62574Differential diagnosis

0.610383Large learning curve

0.584259Technical difficulties

0.573913Hard system

0.567441Results of x-rays and CTc

0.552959Sound doesn’t work

0.545605Cases

0.542253Next part

0.538614Complex

0.531118Times

0.522729Area

0.520495Orientation

0.518181List

0.513188Real patient

0.512912User

0.510401Work

0.509941Things

Non-AI assistance context: diagnosis experience with live patients

0.7036Strict testing environment

0.65795Face interaction complex

0.65711Limited time

0.60814Short time

0.59631Constant need

0.59044Real clinic patients

0.5563Physical examination (PE)

0.55628Sound effect

0.54479Feeling of self-doubt

0.54182Accurate data

0.5376Assess patient

0.53226Patient expresses lack of physical exam

0.53139Feedback

0.52951Interaction

0.5278Actor

0.51986Minutes

0.51702PE doesn’t correlate

0.51557Quality distractions

0.51449Unreliability
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RelevanceaKeyword

0.51445Client

Non-AI assistance context: diagnosis experience with HPSd

0.71766Human experience

0.65952Physical examination maneuvers

0.55535Lack of feelings response

0.5476Live patient additional questions

0.53833Lab values

0.53269Unrealistic prefer

0.52713Actual patient experiences

0.52625Expressions

0.51753Immediate feedback

0.51753HPS encounters

0.51542Scenario

0.51339Simulators

0.51188Student

0.51112Real patient

0.50641Assessment

0.50641Reaction

0.50641Survey

0.49813Realistic interaction

0.48723Sounds effects

0.48654One-way mirror

aRelevance scores range from 0 to 1, reflecting that higher values indicate greater relevance.
bAI: artificial intelligence.
cCT: computed tomography.
dHPS: human patient simulator.

Quantitative Methods: Results of Mixed Models
Table 7 presents our findings for the second research
question—the effect of AI assistance on clinicians’ clinical
diagnosis and care performance from multilevel mixed effects
models. Models 1 and 2 report the results for the 2 dependent
variables of diagnostic performance and clinical task
performance, respectively, where the independent variable is
the experience with AI assistance (binary). In terms of
individual-level covariates, social media use, personal

innovativeness, and computer literacy were included as personal
technological traits, in addition to demographic covariates. The
HLM results were compared with the baseline ordinary least
squares model with clustered standard errors. The effect of AI
assistance was not statistically significant in explaining the
variation in enhanced clinical diagnosis. Instead, education and
age, which were related to clinicians’ overall practical
experience, were positively associated with clinical diagnosis.
The mixed model results were qualitatively identical, along
with the different covariance structures.
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Table 7. Results from hierarchical linear modeling (N=114 observations).

Model 2bModel 1aVariables

P valuesMixed modelf,gP valuesOLS (clustered

SEd,h)

P valuesMixed modelf,gP valuesOLSc (clustered

SEd,e)

.0034.278 (1.462)<.0014.278 (0.898).242.162 (1.851).042.162 (1.013)Constant

.02–0.421 (0.175).03–0.421 (0.192).53–0.105 (0.167).57–0.105 (0.185)AI assistance

Personal technological traits

.020.244 (0.108).0040.244 (0.0803).090.232 (0.137).030.232 (0.104)Technology habit

.89–0.0234 (0.155).88–0.0234 (0.157).25–0.227 (0.197).27–0.227 (0.202)Personal innovativeness

.04–0.257 (0.124).02–0.257 (0.111).31–0.161 (0.157).38–0.161 (0.181)Computer literacy

Control variables

.860.0792 (0.454).870.0792 (0.495).73–0.202 (0.575).74–0.202 (0.615)Female gender

.43–0.910 (1.163).28–0.910 (0.825).201.885 (1.473).041.885 (0.892)Age: 18-25 years

.82–0.236 (1.021).74–0.236 (0.704_.072.339 (1.294).0042.339 (0.782)Age: 26-40 years

.920.102 (1.042).880.102 (0.683).072.428 (1.321).0042.428 (0.802)Age: 41-55 years

.990.00592 (0.664).990.00592 (0.615).98–0.0232 (0.842).97–0.0232 (0.540)Race: African Ameri-
can

.99–0.0125 (0.873).99–0.0125 (0.745).71–0.419 (1.106).55–0.419 (0.687)Race: Asian

.550.708 (1.195).330.708 (0.724).481.067 (1.514).121.067 (0.672)Race: Native Hawai-
ian/Pacific Islander

.850.113 (0.615).840.113 (0.545).99–0.0132 (0.780).98–0.0132 (0.417)Race: White

.320.644 (0.652).300.644 (0.614).800.209 (0.826).740.209 (0.631)Race: Other

.061.584 (0.824).0021.584 (0.495).071.880 (1.044).0031.880 (0.600)Education: Bachelor’s
degree

.251.014 (0.890).091.014 (0.586).161.586 (1.128).041.586 (0.738)Education: Master’s
degree

.87–0.158 (0.982).84–0.158 (0.764).760.380 (1.245).690.380 (0.935)Education: PhD

.84–0.128 (0.623).77–0.128 (0.439).66–0.345 (0.790).41–0.345 (0.413)Occupational status:
working full time

.610.326 (0.632).470.326 (0.448).680.332 (0.801).440.332 (0.425)Occupational status:
working part time

.38–0.719 (0.813).31–0.719 (0.698).46–0.760 (1.031).12–0.760 (0.485)Occupational status:
unemployed

.24–0.472 (0.404).25–0.472 (0.409).38–0.451 (0.512).30–0.451 (0.433)Urban

aDependent variable: diagnostic performance.
bDependent variable: clinical task performance.
cOLS: ordinary least squares.
dRobust standard errors are clustered by each participant.
eR2=0.347.
f57 groups (clusters).
gVariance structures were specified using unstructured, identify, and exchangeable, respectively, and results qualitatively remained the same.
hR2=0.412.

Discussion

Principal Findings
This mixed methods study aimed to explore the status of
AI-assisted decision-making patterns among clinicians and gain
a detailed understanding of how this novel method of AI-human

collaboration and decision making could progress in the future.
The results from the qualitative methods showed that clinicians
described the diagnostic process with the support of AI as more
positive compared with encountering a live patient on their own.
Nonetheless, the respondents’ keywords revealed that AI
assistance impeded clinicians from formulating their own
subjective diagnoses based on their clinical reasoning and that
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the main complaints among clinicians related to some of the
steps in the AI algorithms. Moreover, our quantitative results
showed that clinicians’ perceptions of their clinical diagnostic
capability neither indicated the current level of AI assistance
nor enhanced their care task performance. The participants
believed that their ex ante quality and capability, such as
education, age, and daily technology habits, were more relevant
in enhancing their care task performance.

Comparison With Prior Work
We expected our research to make 2 important contributions to
the existing IS and health care literature. First, our findings from
clinicians’ keywords in their textual comments demonstrated
that clinicians perceived AI assistance positively. However, the
current AI interface may not align with their clinical reasoning
process, and therefore, such AI interface issues can negatively
affect clinicians’ perception of whether AI can collaborate with
them as a team member. Clinician keywords such as “long
system,” “strict sensitive clicking,” “differential diagnosis,”
“large learning curve,” “technical difficulties,” and “hard
system” demonstrated human-computer interaction (HCI) issues.
In other words, this phenomenon can be linked to the topic of
the user interface and explainable or understandable case
scenarios in AI research. Studies on HCI have typically focused
on the effect of technology on users by considering principles,
guidelines, and strategies for designing and interacting with
user interfaces [57]. The importance of the design aspect of AI
(or AI from an HCI perspective) is more pronounced in health
care because active involvement of stakeholders in the design
stage can promote appropriation and sensemaking of the focal
technology and increase the benefits of AI implementation
[58,59]. Studies on machine learning–human interaction have
emphasized “human-centeredness” in the use of AI such that
humans and machines can integrate or work together as a team
[60]. To do so, AI must be explainable, comprehensible, useful,
and usable for clinicians in the use scenarios, both in practice
and in simulation.

However, some challenges exist. First, the incorporation of
fast-moving machine learning techniques into common user
experience designs falls under restrictions in environment, law,
and regulations in real-world scenarios [57]. Second, there are
unintended consequences of AI-generated automated inferences
and functions under uncertainty [61] so that, in cases where
scenarios yield false positives or false negatives, AI-based
decision making negatively affects clinicians’ care task
performance and patient health outcomes [57]. From the
perspective of clinicians, case scenarios or process logic may
be the primary interface faced by clinicians under the current
development of AI algorithms. However, we also showed that
the complexity of AI algorithms may disrupt clinicians’ patient
diagnostic decisions because clinicians may not understand how
to access the complete functions and capabilities of the AI [36].
Thus, based on the previous literature and current evidence in
this paper, our results call for more attention to HCI issues by
actively involving the end users in the system development
procedures and providing them with adequate education to
co-create effective decision-making scenarios with AI assistance.

For another, we empirically quantified the effect of AI assistance
on clinicians’ decision making in a nomological network and
explored whether it can serve as a factor to enhance clinical
diagnostic capability and overall health task performance. Our
results demonstrated that, although clinicians interacted with
AI algorithms in safer simulations, the effect of AI assistance
was either negative or nonexistent in the clinicians’ diagnostic
decisions. Instead, the clinicians’ ex ante personal traits, that is
education and age, are positively associated with enhanced
outcomes. This finding corresponds with the existing
understanding that years of training, professional background,
and educational background affect diagnostic performance [62].
Moreover, we found that AI assistance was negatively associated
with the clinicians’perceptions of task performance. This might
be due to frontline health care providers’ trust in AI [14] or
implementation issues [63] in health care. It will be worthwhile
to revisit our research model to identify AI-specific factors and
test downstream effects on clinicians’ AI use performance in
future research.

Furthermore, we found that the clinicians’ex ante technological
traits were statistically associated with clinical decision making.
First, we found that technological habits were positively linked
to clinical diagnostic and health care task performance. In this
study, we viewed a technological habit as a social media habit.
Clinicians have used social media technologies that may embed
AI algorithms and techniques in nonhealth care contexts [64].
It is likely that processing and accessing multimedia-based
information daily may help clinicians manage multimedia-based
patient information on AI platforms. Second, we showed that
computer literacy was negatively associated with overall health
care task performance with AI assistance. In health care,
clinicians’ levels of literacy vary across contexts such as
information [65], health [66], YouTube [67], informatics tools
[68], and computers [69]. In particular, the concept of computer
literacy is broad and encompasses hardware and software [69],
informatics tools (eg, decision support systems), handheld
devices [68], computerized statistical analysis, databases,
presentation graphics, spreadsheet applications, and
bibliographic database searches for evidence-based practice
[70]. Such measures of literacy are related to knowledge about
focal tools or interpreting health information in health care
contexts. Meanwhile, a renewed concept of computer literacy
has emerged, known as “digital literacy,” or the combined
knowledge, skills, and competencies necessary for thriving in
a technology-saturated culture [71]; it encompasses various
forms of literacy via visual, electronic, and digital forms of
expression and communication [72]. The use of 3-dimensional
virtual images in operations or virtual reality goggles in
pathology laboratories [73] or the matching of doctors with
professional actors in medical improvisation sessions over Zoom
[74] are adequate examples of computer literacy with which
clinicians should be equipped. Therefore, it is necessary to
redefine and contextualize the definition of computer literacy
in the domain of AI use and actively educate clinicians on this
topic in practice and in training altogether.

The findings of this study have various practical implications.
With an explicit focus on the clinicians’ AI-assisted decision
making, we found that their sensemaking of the diagnostic logic
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provided by AI and the system features may pose a challenge
to the health care workforce. Our findings correspond with a
recent report by the National Academy of Medicine [75] that
highlighted “augmented intelligence,” with an emphasis on the
supporting role of AI in data synthesis, interpretation, and
decision making for health care multi-stakeholders, such as
clinicians, patients, and other related professionals. In preparing
clinicians for such a change, the report suggested that their
training should incorporate education programs on how to assess
and use AI products and services appropriately for new and
incumbent professionals alike [75].

Moreover, to prevent AI algorithms from generating a simplified
decision plan, health care providers should be involved in the
case scenarios of patient diagnosis to enhance the effectiveness
of the AI algorithms [36]. What is largely neglected in the
discussion is the need to close gaps between practice and clinical
training for increasing AI understanding. The developers of AI
need to consider the clinicians’ current levels of exposure to
technology in practice and in simulation and then design
clinician-centered algorithms and interfaces. To achieve the
goal of human-AI collaboration in health care [76], beyond
involving clinicians in the development of clinical AI
algorithms, these algorithms and their interfaces should be more
human-centered. There must be assessments of diagnoses made
by AI in both practice and training to reduce the gap between
theory and practice in the use of AI by the health care workforce.
This can be done by gathering behavioral big data from
clinicians in various disciplines to help align AI algorithms with
the unique, subjective patterns of reasoning that humans employ
in clinical diagnosis.

Limitations
As with all research, this study is not without limitations, and
its results should be interpreted with caution. First, we employed

purposive sampling techniques for the target population. Since
our target audience was individuals with experience in clinical
diagnosis in various scenarios, we targeted and recruited FNP
students as our sample. As such, the response rate was relatively
low, and missing values were prevalent in the data. Future
research could benefit from increasing the sample size to
compare group differences in greater depth. Although our
sample represents the target population of this study, sampling
at the national level would be beneficial for generalizing the
results of this study. Second, our AI variable was operationalized
as binary (1: AI assistance; 0: otherwise). Future research may
consider a survey construct with items that capture the rich
characteristics of multimedia technology variables in the
research models. Lastly, as our results were derived from the
use of AI-enabled diagnostic technology, our results may not
be generalizable to other types of AI or other clinical
decision-making categories.

Conclusions
In keeping with the recent interest in and expectations for
AI-assisted decision making in health care, as a first step, our
research explored clinicians’ sentiments toward AI assistance
and their perceptions using sentiment analysis and a mixed
methods design. Our results indicated that, while there are
negative or nonexistent effects of AI assistance in enhancing
clinical decision making, clinicians have positive sentiments
toward AI assistance in the decision-making process,
comparable with their encounters with actual patients. With this
potential, we suggest that health care leaders, policy makers,
and AI developers need to collect clinicians’ behavior data and
revisit the design and user interface of AI to make it more
clinician-centered and collaborative.
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Abstract

Background: Emergency department (ED) crowding has resulted in delayed patient treatment and has become a universal
health care problem. Although a triage system, such as the 5-level emergency severity index, somewhat improves the process of
ED treatment, it still heavily relies on the nurse’s subjective judgment and triages too many patients to emergency severity index
level 3 in current practice. Hence, a system that can help clinicians accurately triage a patient’s condition is imperative.

Objective: This study aims to develop a deep learning–based triage system using patients’ ED electronic medical records to
predict clinical outcomes after ED treatments.

Methods: We conducted a retrospective study using data from an open data set from the National Hospital Ambulatory Medical
Care Survey from 2012 to 2016 and data from a local data set from the National Taiwan University Hospital from 2009 to 2015.
In this study, we transformed structured data into text form and used convolutional neural networks combined with recurrent
neural networks and attention mechanisms to accomplish the classification task. We evaluated our performance using area under
the receiver operating characteristic curve (AUROC).

Results: A total of 118,602 patients from the National Hospital Ambulatory Medical Care Survey were included in this study
for predicting hospitalization, and the accuracy and AUROC were 0.83 and 0.87, respectively. On the other hand, an external
experiment was to use our own data set from the National Taiwan University Hospital that included 745,441 patients, where the
accuracy and AUROC were similar, that is, 0.83 and 0.88, respectively. Moreover, to effectively evaluate the prediction quality
of our proposed system, we also applied the model to other clinical outcomes, including mortality and admission to the intensive
care unit, and the results showed that our proposed method was approximately 3% to 5% higher in accuracy than other conventional
methods.

Conclusions: Our proposed method achieved better performance than the traditional method, and its implementation is relatively
easy, it includes commonly used variables, and it is better suited for real-world clinical settings. It is our future work to validate
our novel deep learning–based triage algorithm with prospective clinical trials, and we hope to use it to guide resource allocation
in a busy ED once the validation succeeds.

(J Med Internet Res 2021;23(12):e27008)   doi:10.2196/27008
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Introduction

Background
Overcrowding in the emergency department (ED) is already a
global public health issue and is clearly an important patient
safety issue [1]. Many countries, such as Ireland, the United
States, Canada, Germany, and Australia, have shown a
continuous and significant increase in the number of ED visits
[2-7]. In the United States, ED visits were estimated to increase
from 136.9 million in 2015 to 145.6 million in 2016, an increase
of 6.4%. The 10-year volume change was 24.7% and has
increased by a total of 61.2% over the past 20 years (ED visits
in 1996 were estimated at 90.3 million) [8,9]. In Taiwan, ED
visits were estimated to increase from 7.18 million in 2017 to
7.64 million in 2019, an increase of 6.4%. In retrospect, the
number of ED visits has increased by a total of 23.6% over the
past 19 years [10].

The increasing number of ED visits has also caused a periodic
imbalance in the supply and demand of ED and hospital
resources, which leads to longer waiting times and delays in
critical medical treatments. ED crowding is related to several
adverse clinical outcomes, including higher mortality and
morbidity [11,12]. Therefore, it is most important to design a
method to properly identify urgent patients’priorities in the ED
[13].

Related Work
Several research studies have focused on developing a system
for predicting hospital admissions based on the patient’s ED
electronic medical record (EMR) [14]. Among these studies,
the National Hospital Ambulatory Medical Care Survey
(NHAMCS) data set [9] is the most common data set to be
analyzed. Despite using the NHAMCS data set, those studies
might end up with different outcomes being achieved. Here, we
briefly introduce some existing methods and implementation
results, followed by a description of the concepts and methods
that our system uses.

Gligorijevic et al [15] developed a system for predicting the
number of resources that the patients would need. They built a
bidirectional Long Short-Term Memory (biLSTM) model to
extract continuous data features and medical text data features,
which resulted in a binary model with prediction accuracy and
area under the receiver operating characteristic curve (AUROC)
of 0.792 and 0.879, respectively. Moreover, they showed that
using nurses’ notes can provide a significant improvement in
the prediction accuracy in comparison with using only standard
continuous and categorical data.

Zhang et al [16] constructed a method for analyzing the patients’
reasons for a visit to predict hospital admission using principal
component analysis and traditional natural language processing
(NLP) combined with multilayer neural network models and
logistic regression (LR) model. In their study, they tested the
model using a 10-fold cross-validation method, and the AUROC
was 0.84. Sun et al [17] used the chi-square test to select the
association between hospital admission and various possible
risk factors and inputted the extracted association features into
LR model for training to develop a prediction model, which

was used to predict whether a need for hospital admission exists
for ED patients. The involved variables included demographics
(age, sex, and ethnic group), ED visit or hospital admission in
the preceding 3 months, arrival mode, patient acuity category
of the ED visit, and coexisting chronic diseases (diabetes,
hypertension, and dyslipidemia). The AUROC for their study
was 0.85.

Graham et al [18] used 3 machine learning algorithms to create
the following models: LR, gradient boosted machines, and
decision trees; these models were validated using a 10-fold
cross-validation method repeated 5 times, whereby the accuracy
of the best result in the gradient boosted machines model was
0.8. It turns out that their study can help clinicians plan the
allocation of resources in advance and avoid the bottleneck of
patient congestion.

Wang et al [19] developed a data-driven and evidence-based
triage method to quickly identify acute and severe patients and
prevent the waste of limited resources because of overdiagnosis.
They proposed an attention-based biLSTM called DeepTriager,
which processes both structured data and textual data from a
clinical record to predict an ED patient’s acuity level. The
method can not only predict the acuity and severity of the
outpatient but can also provide visualizable and interpretable
evidence on the clinical context to support decision-making.
The AUROC for binary classification (acuity 1 and 2) can
achieve 0.93, which is 0.03 higher than that of traditional
machine learning methods.

Study Aim
The aim of this study is to establish an effective and efficient
system for predicting whether patients will eventually require
hospital admission to provide a reference to physicians to rank
the priority of treatment of patients in advance. In this proposed
system, our goal is to use both conventional structured data and
unstructured data to design a binary classification model to help
identify the hospitalization needs of the ED patient visits.

Methods

System Overview
This study focuses on establishing an effective and rapid system
to predict whether patients will eventually need to be
hospitalized to provide a reference to physicians to determine
the priority of treatment of patients in advance. Moreover, to
evaluate the effectiveness of our model for other clinical
predictions, we also applied the model to other clinical outcomes
and compared the obtained results with those from other
algorithms.

The system overview in Figure 1 shows that our system is
separated into two parts: the training part and the prediction
part. The EMR values of each ED visit patient were used as
input, and the patient’s hospital admission decision from the
physician was used as the ground truth. There were 3 steps in
model training. The first step was to preprocess the input data,
such as feature selection and filtering of the unusable or missing
data, and the detailed method will be explained in the Data
Preparation section. Next, the processed data were transformed
into the corresponding text type. Finally, the transformed
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transcript and ground truth were used to train the binary
classification model. Once the training of the model was
completed, it was tested against the unseen data. The unseen

data were transformed to the text type, which was then fed into
the model, and the output of the model was the probability of
hospital admission for the ED patient visits.

Figure 1. System overview. EMR: electronic medical record; ED: emergency department.

Data Transformation
To allow the mentioned data set to be more effectively handled
by the proposed methods in our work, we first transformed the
data into another text type. The method of transforming the
original data into the text type is shown in Figure 2.

The table in Figure 2 shows the characteristics sampled from
the original data set, including vital signs and other information,
such as age, gender, blood pressure, oxygen, and pain index.

The lower part of Figure 2 illustrates the format after data
transformation in English or Chinese. Note that the original
format of the data sample shown in Figure 2 reveals the features
and their corresponding values. However, after transformation
into text, all the feature names remained as words, but their
corresponding values also appeared as words, so that the new
format of the data sample now became a complete sentence.
Then, we inputted the complete sentence into the model for
training and analyzed the correlation between the features.

Figure 2. The method of data transformation.
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Triage Engine

Overview
In this work, our triage engine comprised 2 different parts, where
the first part was used for analyzing short sentences (only
convolutional neural network [CNN] type) and the second part
was used for analyzing long sentences (only recurrent neural
network [RNN] type). Experiments were conducted to verify

the effectiveness of the triage engine after we first examined
the performances of its 2 parts. Our classification engine was
composed of 2 different text processing modules (ie, 2 parts).
In the following section, we have introduced the characteristics
of the 2 modules step by step and elaborated on the logic behind
their design. The network architecture of our proposed triage
engine, comprising the RNN-type module and the CNN-type
module, is shown in Figure 3.

Figure 3. Network architecture of the triage engine. BiGRU: bidirectional gated recurrent unit; CNN: convolutional neural network; GRU: gated
recurrent unit; RNN: recurrent neural network.

In our system, we used the data that had been converted into
text format as input. As the text data contained many features,
there was a certain relationship between the different features,
such as the relationship between systolic blood pressure and
diastolic blood pressure, pain index and pain location, and triage
level and pain index. However, this relationship might have
been lost after the features were converted into static word
embeddings in high-dimensional space. Therefore, to be able
to analyze the entire sentence for text information, we adopted
the RNN structure, which has been shown to form a very useful
algorithm. In fact, the RNN architecture is focused on the
relationship among all the words from a sentence, and it is more
appropriate to analyze the meaning of long sentences.

In addition, as the features and the corresponding values were
converted into text sequentially in terms of a sentence, the name
and value of a feature were in a neighboring relationship. To
be able to accurately and effectively analyze the relationship
among each feature and the corresponding value, the semantics
of short sentences (among 3 words, 4 words, or 5 words) was
very important, for example, body temperature: 36.5 degrees,
pain index: 5, and respiratory rate: 15 times. In this short
sentence analysis, CNN served as a very useful algorithm. This

architecture focuses on the relationship between each word and
its neighboring subjects. We will introduce it in detail later.

To effectively use the characteristics of the 2 learning algorithms
of the 2 parts of the triage engine, we paid attention to the way
in which the outputs of the 2 neural network models were
effectively fused, which was also the focus of this system. In
other words, we formed an overall model by merging the 2 parts
to accomplish the single task, that is, prediction of the need for
hospital admission. Our strategy was as follows: first, the 2
models were individually trained based on different data sets,
and second, their parameters were optimized according to their
respective losses and the corresponding parameter settings.
After training the 2 models, we deleted the output layers of both
the models and concatenated the last 2 fully connected layers,
which were located before the output layers of the 2 models and
the new output layer. Then, we fine-tuned the overall triage
model on the 2 data sets, and the dropout was executed before
the output layer. Finally, the output of the triage model predicted
the probability of hospital admission for each ED visit.
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Module for a Long Sentence (RNN Type)
The focus of this part of the study was on how to analyze the
integrity of the text data, where the strength of feature extraction
was extensive as the correlation among the patterns of the
different samples was searched. Such a correlation not only
involves time but also involves space. By learning from the
sequence of sentences, the resulting model was able to

effectively process each of the complete textual data and thus
possessed a memory attribute.

The input of this model was the textual data transformed from
the structural and unstructured data (EMR) of the ED visits,
and the output was the vector that included the probability of
hospital admission for the ED visits. Figure 4 shows the network
architecture of the RNN part of the triage engine.

Figure 4. Recurrent neural network-type part of the triage engine. BiGRU: Bidirectional gated recurrent unit.

As depicted in Figure 4, first, all the words transformed from
the EMR were input into the word vector layer, which was used
to convert each word into the corresponding word vector. In
our work, the pretrained word vector library was FastText
[20,21], which is the most popular and useful library for learning
word embeddings and text classification. First, as our work
processed 2 data sets, one in English from NHAMCS and
another in Chinese from the National Taiwan University

Hospital (NTUH), we decided to develop our prediction model
in both English and Chinese versions. Second, the word vectors
were sequentially passed to the bidirectional gated recurrent
unit (biGRU), in which the hidden sequences in 2 directions
were concatenated at each time stamp to form a new hidden
sequence. In general, the biGRU can obtain the features of a
text more effectively. Thus, the hidden states from the biGRU
were fed to the attention layer to evaluate the weights of each
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hidden state, and the dot product between the evaluated weight
value and each hidden state was calculated. The attention layer
was composed of 2 fully connected feed-forward neural
networks, using exponential linear units [22] as the activation
function. For the output of the attention layer, Softmax,
developed by Goodfellow et al [23], was chosen as the activation
function.

The attention layer in this work was used to find the key
information content units in different sentences from each ED
visit’s record and assess whether the patients will eventually
need hospitalization. Moreover, the 2-layer attention network
was used in this work as it is more effective than one with only
a single layer in all sentences. Thus, the proposed system with
multiple attention layers was more effective for the subsequent
evaluation of the prediction performance throughout the
experiment. Finally, the output from the attention layer was fed
into the fully connected layers with 64 neurons.

Module for a Short Sentence (CNN Type)
This part of the study focused on extracting the local features
of the text. By extracting the keywords of the document or
sentence as features and training the classifier based on these
features, it was possible to effectively analyze the more
important and critical contexts of the sentences.

Similarly, Figure 5 shows the network architecture of the CNN
part module of the triage engine. An image-like vector, whose

format is I∈   ×  , was obtained by stacking the word vectors that
are converted from the original text. More specifically, h and
w denoted the height (number of words) and width (dimension
of the word vector) of the image, respectively. In particular,
Chinese words were processed by text segmentation first and
then passed to the embedding layer. Then, the word vectors
were used to perform convolution operations with 3 kernels of
different sizes, which were 3, 4, and 5. Different kernels were
used to find the relationships among short words, that is, various
correlations between words.

For the convolutional operation, we adopted the concept from
the deep pyramid CNNs [24], which is a low-complexity CNN
architecture for text categorization that can efficiently represent
long-range associations in a text. Instead of using the original
CNN for text processing [25], we applied a simple network
architecture to obtain better accuracy by increasing the network
depth without significantly increasing the computational cost.
Figure 6 shows the network architecture of the aforementioned
pyramid CNN for text. Owing to the problem of degradation,
the shortcut connections were expected to facilitate every few
stacked layers to more easily fit a desired underlying mapping,
and such thoughts of shortcut connections were the key concept
for the pyramid CNN architecture. Therefore, according to the
idea, the deep pyramid CNN under different kernel sizes was
used in our work.
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Figure 5. Convolutional neural network–type part of the triage engine. CNN: convolutional neural network.
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Figure 6. Architecture of pyramid convolutional neural network for text.

Model Synthesis by Integration of the 2 Modules
As shown in Figure 3, our final triage engine model was to
integrate the 2 pseudoengines shown in Figures 4 and 5.
Technically speaking, after the convolution operation, a feature
map with the corresponding size was obtained, and each
convolutional layer was followed by a max pooling layer of the
corresponding size. The CNN-type part of the integrated engine
was implemented to further distinguish the keywords from the
transformed sentence. Then, the output of the max pooling layers
was input to the self-attention layer, which was used to evaluate
the weights of keyword vectors and calculate the dot product
between the evaluated weight value and each keyword vector.
Finally, the outputs from the 3 attention layers were
concatenated and fed into fully connected layers with 64
neurons. The vector of the probability of hospital admission
was calculated by applying the Softmax activation function in
the fully connected layer, and we formulated the probability as
follows:

Probability = CNN (k3(X') + k4(X') + k5(X')) (1)

Model Training
The RNN-type module was trained with a learning rate of
0.00001 using an optimizer called Adam, developed by Kingma
et al [26], which is a gradient descent method widely used in
deep learning applications for computer vision and NLP. The
batch size was set as 64, the number of iterations was set as 60,
and the hidden states of the biGRU were set as 128. For the
CNN-type module, the learning hyperparameters were the same
as that of the RNN type. The size of the kernel was set to 3, 4,
and 5, and the strides were set as 1. The loss function used for
the integrated model was the cross-entropy sum between the
predicted output and ground truth as follows:

ltotal = lcnn + lrnn (2)

where yi is the ground truth of class I, and ŷi is the prediction
of the model.

Results

Overview
A series of experiments were conducted to validate our design.
To evaluate the effectiveness of our model, all the experiments
were carefully conducted using stratified random sampling. The
following procedure was performed separately on the NHAMCS
and NTUH data sets. For internal comparison, 72% of the data
were used as the training set, 8% of the data were used as the
validation set, and 20% of the data were used as the hold-out
testing set. The training and validation process was repeated 20
times, with 20 models generated, and the best-performing model
in the hold-out testing set was selected as the final model. For
external comparison, the same training and validation procedure
was performed; however, only the best-performing model in
the training and validation procedure was tested on the hold-out
testing set to ensure a fair comparison.

Experiment Platform
We adopted Keras (Tensorflow-Graphics Processing Unit) to
execute all the algorithms on computers with Nvidia GeForce
GTX 1080Ti Graphics Processing Unit (with 11 GB RAM) and
Intel Core i5 Central Processing Unit (with 64 GB RAM). In
the processing of the loss function, we used the Adam optimizer
with a learning rate of 0.00001, batch size of 64, and epochs of
60.

Data Preparation
In this study, 2 different data sets were used to evaluate the
performance of the proposed system: the NHAMCS data set
and the NTUH data set.
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NHAMCS Data Set
In our study, the data from 118,602 ED patient visits collected
between 2012 and 2016 were used. We selected 37 features,
including month, week, arrival time, age, residence, sex, race,
did he or she come by ambulance, pay by insurance, pay by
Medicare, pay by Medicaid, pay by work compensation, pay by
self, no charge to pay, temperature, heart rate, respiratory rate,
systolic blood pressure, diastolic blood pressure, pulse oximetry,
pain scale, triage level, been ED during last 72 hours, dementia,
cancer, cerebrovascular, COPD, heart failure, HIV, ECG,
X-ray, CT-scan, MRI, Ultrasound, CPR, admitted to ICU, and
hospital admission.

NTUH Data Set
In our study, the data from 745,441 ED patient visits collected
between 2013 and 2017 were used. We selected 31 features,
including age, sex, day zone, weekend, month, is he or she
getting fever?, clinics by, clinics for, is job-related?, on the job
way, pain character, pain period, CPR, ICU, acute change,
account sequence number, systolic blood pressure, diastolic
blood pressure, pulse, oxygen, respiration rate, body
temperature, pain index, gcse, gcsv, gcsm, triage level, pain
body part, pain period description, judgement description, and
hospital admission. All the features were recommended by
Nottingham Trent University physicians.

Performance on the NHAMCS Data Set and Baseline
We verified our proposed fusion model using the NHAMCS
data set and compared the results with the 2 parts of the model
(RNNs and CNNs). As a result, the AUROC can achieve 0.872
using the proposed model. The other metrics of the performance
of the proposed network are shown in Table 1. For our fusion
model, the highest accuracy and specificity can reach 0.828 and
0.843, respectively.

So far, most existing studies have used different data sets. Here,
to effectively evaluate the prediction quality of our model, we
chose the traditional machine learning algorithms commonly
used in other studies as our baselines for comparison, including
LR, extreme gradient boosting (XGBoost), and random forest.
Furthermore, we compared our model with the Bidirectional
Encoder Representations From Transformers (BERT) [27]
model, which is considered to be a milestone of NLP. Then, we
compared the different results obtained from different methods
under various metrics.

Table 2 shows 6 metrics of each algorithm. It can be seen that
our proposed model scored the highest in 4 out of 6 metrics,
including specificity, precision, accuracy, and AUROC, while
comparing with other models. These results suggest that our
proposed deep learning algorithm seems to be more promising
than the traditional machine learning algorithms.

Table 1. Performance on the National Hospital Ambulatory Medical Care Survey data set using different methods.

AUROCaAccuracySpecificitySensitivityModel

0.8500.7670.7680.756BiLSTMb only

0.8540.8090.8220.711BiLSTM+Attc

0.8560.7960.8020.745BiLSTM+2×Att

0.8540.7760.780.744BiGRUd only

0.8630.7980.8040.757BiGRU+Att

0.8660.8010.8090.764BiGRU+2×Att

0.850.7670.7680.756CNNse (with 3 kernels)

0.8550.8040.8130.727Pyramid CNN (3 kernels)

0.8620.8190.8250.731Pyramid CNN (3 kernels) with attention layer

0.8720.8280.843 f0.755Our model

aAUROC: area under the receiver operating characteristic curve.
bBiLSTM: bidirectional Long Short-Term Memory.
cAtt: attention layer.
dBiGRU: bidirectional gated recurrent unit.
eCNN: convolutional neural network.
fItalicization indicates that the best performance was shown by our model in the metric among the different models.
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Table 2. Comparison with baseline algorithms in the National Hospital Ambulatory Medical Care Survey data set.

AUROCaAccuracyF1 scorePrecisionSpecificitySensitivityModel

0.8250.7440.7450.7450.7410.747Logistic regression

0.8340.7480.7480.7490.7360.761XGBoostb

0.8280.7470.7470.7480.7150.781Random forest

0.8520.7790.7810.7730.7680.789BERTc

0.8720.8280.7590.818 d0.843 d0.755Our model

aAUROC: area under the receiver operating characteristic curve.
bXGBoost: extreme gradient boosting.
cBERT: Bidirectional Encoder Representations From Transformers.
dItalicization indicates that the best performance was shown by our model in the metric among the different models.

Performance on the NTUH Data Set and Baseline
We also verified our proposed fusion model using the NTUH
data set and compared the results with the 2 parts of the model
(RNNs and CNNs), which included 10 experiments. In the
RNNs part, we experimented with 6 different combinations
using biLSTM and biGRU with different layers of attention
mechanisms to observe the changes in the 4 metrics (sensitivity,
specificity, accuracy, and AUROC) under different
combinations. In the CNN part, we experimented with 3
different combinations using a traditional CNN and pyramid
CNN with an attention mechanism to observe the changes in
the 4 metrics under different combinations. As a result, the
AUROC can achieve 0.876 using the proposed model in our
fusion model (Table 3).

Similarly, to effectively evaluate the prediction quality of our
model, we chose 3 kinds of traditional machine learning
algorithms commonly used as our baselines—LR, XGBoost,
and random forest. Furthermore, we also compared our model
with 2 common methods, deep neural network for structural
data with biGRU for textual data and the BERT [27] model.
Then, we compared the differences in the results between the
different methods.

Table 4 shows 6 metrics of each algorithm. It can be seen that
our proposed model outperforms all the other algorithms. The
result of our proposed model suggested a great improvement
in predicting hospitalization when compared with other
traditional methods.

Table 3. Performance on the National Taiwan University Hospital data set using different methods.

AUROCaAccuracySpecificitySensitivityMethod

0.8480.770.7920.748BiLSTMb only

0.8620.7810.8220.74BiLSTM+Attc

0.8670.7850.80.774BiLSTM+2×Att

0.8550.7740.780.768BiGRUd only

0.8660.7860.7670.805BiGRU+Att

0.8720.8080.7850.8BiGRU+2×Att

0.8680.7910.8030.78CNNse (with 3 kernels)

0.8680.7980.7930.784Pyramid CNN (3 kernels)

0.8710.7880.8230.754Pyramid CNN (3 kernels) with attention layer

0.8760.825 f0.8190.768Our model

aAUROC: area under the receiver operating characteristic curve.
bBiLSTM: bidirectional Long Short-Term Memory.
cATT: attention layer.
dBiGRU: bidirectional gated recurrent unit.
eCNN: convolutional neural network.
fItalicization indicates that the best performance was shown by our model in the metric among the different models.
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Table 4. Comparison with baseline algorithms in the National Taiwan University Hospital data set.

AUROCaAccuracyF1 scorePrecisionSpecificitySensitivityModel

0.830.7560.7550.7580.8050.705Logistic regression

0.840.7650.7650.7660.7850.745XGBoostb

0.840.7620.7610.7620.7840.739Random forest

0.8580.7710.7660.7710.7750.744DNNc+BiGRUd

0.8440.7630.7560.7770.7890.736BERTe

0.8760.8250.7880.810.8190.768 fOur model

aAUROC: area under the receiver operating characteristic curve.
bXGBoost: extreme gradient boosting.
cDNN: deep neural network.
dBiGRU: bidirectional gated recurrent unit.
eBERT: Bidirectional Encoder Representations From Transformers.
fItalicization indicates that the best performance was shown by our model in the metric among the different models.

Discussion

Comparison With Other Related Studies
According to existing research on the prediction of
hospitalization, most studies used specific feature selection
methods combined with traditional machine learning algorithms.
As shown in Table 5, their results show a variable performance
on different metrics. In this section, to compare with other

studies in a fair manner, only the best-performing model in the
training and validation procedure was tested on the hold-out
test set.

According to Table 5, our model achieved the highest
performance in AUROC while being compared in the same
open data set, that is, the NHAMCS data set. In addition, our
work also achieved an excellent score in accuracy in comparison
with private data sets.

Table 5. Performance of different research studies.

PerformanceData setMethodsStudy

AUROCaAccuracySpecificitySensitivity

0.82—d0.710.79NHAMCScDNNbRaita et al [28]

0.846———NHAMCSNLPe+PCAf+LRgZhang et al [16]

0.849———PrivateLRYan Sun et al [17]

0.8590.80.8990.535PrivateGBMhGraham et al [18]

0.8560.8340.856 l0.654NHAMCSBiGRUi+ Attj+ PyCNNkOur model

0.8210.8060.8520.606NTUHmBiGRU+ Att+ PyCNNOur model

aAUROC: area under the receiver operating characteristic curve.
bDNN: deep neural network.
cNHAMCS: National Hospital Ambulatory Medical Care Survey.
dNot available.
eNLP: natural language processing.
fPCA: principal component analysis.
gLR: logistic regression.
hGBM: gradient boosted machines.
iBiGRU: bidirectional gated recurrent unit.
jAtt: attention layer.
kPyCNN: pyramid convolutional neural network.
lItalicization indicates that the best performance was shown by our model in the metric among the different models.
mNTUH: National Taiwan University Hospital.
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Applying on Other Clinical Outcomes
To effectively evaluate the prediction quality of our model for
other clinical results, we selected other common outcomes to
test and set the results of traditional machine learning algorithms
as our baselines and then compared the differences in the results
between different methods in various metrics.

For Mortality Rate Prediction
As mortality rate has a high correlation with the emergency
severity index (ESI) 5-level triage, we applied our model to

predict the mortality rate on the NTUH data set, and the results
are shown in Table 6. Owing to the small number of deceased
patients, we chose not to test this data set because of
convergence issues.

Compared with other algorithms, including the 3 traditional
machine learning algorithms, our proposed model outperforms
all other methods except in sensitivity.

Table 6. Performance of mortality rate prediction on the National Taiwan University Hospital data set.

AUROCaAccuracyF1 scorePrecisionSpecificitySensitivityModel

0.9540.8960.8950.8950.8870.903Logistic regression

0.9620.9190.9190.9090.9130.926XGBoostb

0.9580.9160.9150.9150.8980.933Random forest

0.9830.9410.9280.9390.941 c0.917Our model

aAUROC: area under the receiver operating characteristic curve.
bXGBoost: extreme gradient boosting.
cItalicization indicates that the best performance was shown by our model in the metric among the different models.

For Prediction of Intensive Care Unit Admission
In the probability of intensive care unit admission, we tested
our model on 2 data sets, and the results are shown in Tables 7
and 8. Table 7 shows the comparison of the 4 algorithms on the

NHAMCS data set, and Table 8 shows the results of the 4
algorithms on the NTUH data set.

Similarly, compared with other algorithms, including the 3
traditional machine learning algorithms, our proposed model
outperformed all other methods except in sensitivity.

Table 7. Performance of prediction of intensive care unit admission on the National Hospital Ambulatory Medical Care Survey data set.

AUROCaAccuracyF1 scorePrecisionSpecificitySensitivityModel

0.8450.7610.7600.7610.7340.787Logistic regression

0.8490.7650.7640.7690.7080.823XGBoostb

0.8610.7920.7900.8000.7070.876Random forest

0.8840.8240.8060.8070.807 c0.805Our model

aAUROC: area under the receiver operating characteristic curve.
bXGBoost: extreme gradient boosting.
cItalicization indicates that the best performance was shown by our model in the metric among the different models.

Table 8. Performance of prediction of intensive care unit admission on the National Taiwan University Hospital data set.

AUROCaAccuracyF1 scorePrecisionSpecificitySensitivityModel

0.9050.8280.8280.8290.8460.811Logistic regression

0.9170.8300.8320.8290.8310.831XGBoostb

0.9110.8310.8300.8310.8280.833Random forest

0.9200.8700.8430.8650.872 c0.823Our model

aAUROC: area under the receiver operating characteristic curve.
bXGBoost: extreme gradient boosting.
cItalicization indicates that the best performance was shown by our model in the metric among the different models.
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Limitations
There are several limitations to this study. First, the NTUH
database used in our experiment belongs to the NTUH and is
not publicly available. Hence, it is hard to fairly compare it with
the models developed in other studies. However, the NHAMCS
data set is publicly available and may be used to evaluate the
performance of the models across studies. Second, all the
evaluations are based on retrospective data, and future
prospective evaluation is needed.

Conclusions
ED crowding has become one of the biggest issues in health
care services. Many countries have shown a steady but
significant increase in the number of ED patient visits. Although
the ESI system somewhat improves the process of treatment, it
still relies on the nurse’s judgment and is prone to the problem
where most patients are triaged to ESI level 3. Moreover, the
main purpose of the ESI is to classify patients and reserve the
more limited resources for those belonging to the high-acuity
classes who may need them more urgently. Therefore, a system
that can help physicians accurately triage a patient’s condition
is imperative. In this work, we proposed a system based on the
patients’ ED EMR to predict the need for hospitalizations after
the assigned procedures in the ED are completed. This system
uses CNNs combined with RNNs, together with an attention
mechanism for classification.

We validated the proposed triage engine based on the developed
fusion model on 2 data sets, one of which is from an open data

set (NHAMCS) that contains 118,602 ED patient visits in the
United States, in which the accuracy and AUROC were 0.83
and 0.87, respectively. On the other hand, we also externally
validated our work on the local NTUH data set that includes
745,441 ED patient visits in Taiwan, in which the accuracy and
AUROC were 0.83 and 0.88, respectively. Moreover, to
effectively evaluate the prediction ability of our proposed
system, we also applied the model to other clinical outcomes,
including mortality and admission to the intensive care unit.
The results showed that our method is approximately 3% to 5%
higher in accuracy than other common methods, including 3
traditional machine learning algorithms. Furthermore, the
implementation of the proposed system is relatively easy,
includes commonly used variables, and is better fitting for
real-world clinical settings. It is our future work to validate our
novel deep learning–based triage algorithm with prospective
clinical trials, and we hope to use it to guide resource allocation
in a busy ED once the validation succeeds.

The unstructured data used in this work were recorded manually
by a nurse. However, the text information should be directly
described by the ED visits during the ED clinical examination.
Therefore, future work may focus on using automatic speech
recognition to directly convert and use the speech data of the
ED visits. Moreover, although our work includes an analysis
of short and long sentences, it does not deal with the relevance
of global words. Thus, our future works may focus on combining
different types of deep learning algorithms in this system to
provide a more comprehensive system, such as a graph
convolutional network or transformer.
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Abstract

Background: Researchers face challenges in patient recruitment, especially for rare, fatal diseases such as amyotrophic lateral
sclerosis (ALS). These challenges include obtaining sufficient statistical power as well as meeting eligibility requirements such
as age, sex, and study proximity. Similarly, persons with ALS (PALS) face difficulty finding and enrolling in research studies
for which they are eligible.

Objective: The aim of this study was to describe how the federal Agency for Toxic Substances and Disease Registry’s (ATSDR)
National ALS Registry is linking PALS to scientists who are conducting research, clinical trials, and epidemiological studies.

Methods: Through the Registry’s online research notification mechanism (RNM), PALS can elect to be notified about new
research opportunities. This mechanism allows researchers to upload a standardized application outlining their study design and
objectives, and proof of Institutional Review Board approval. If the application is approved, ATSDR queries the Registry for
PALS meeting the study’s specific eligibility criteria, and then distributes the researcher’s study material and contact information
to PALS via email. PALS then need to contact the researcher directly to take part in any research. Such an approach allows
ATSDR to protect the confidentiality of Registry enrollees.

Results: From 2013 to 2019, a total of 46 institutions around the United States and abroad have leveraged this tool and over
600,000 emails have been sent, resulting in over 2000 patients conservatively recruited for clinical trials and epidemiological
studies. Patients between the ages of 60 and 69 had the highest level of participation, whereas those between the ages of 18 and
39 and aged over 80 had the lowest. More males participated (4170/7030, 59.32%) than females (2860/7030, 40.68%).

Conclusions: The National ALS Registry’s RNM benefits PALS by connecting them to appropriate ALS research. Simultaneously,
the system benefits researchers by expediting recruitment, increasing sample size, and efficiently identifying PALS meeting
specific eligibility requirements. As more researchers learn about and use this mechanism, both PALS and researchers can hasten
research and expand trial options for PALS.

(J Med Internet Res 2021;23(12):e28021)   doi:10.2196/28021
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Introduction

Amyotrophic lateral sclerosis (ALS), commonly known as Lou
Gehrig disease, is a progressive multifactorial neurodegenerative
disease primarily affecting motor neurons. Conservative
estimates suggest that approximately 17,000 Americans
currently live with ALS, while 1500 new cases are diagnosed
annually [1,2]. Most patients with ALS survive 2-5 years after
receiving a diagnosis [3,4]. Although numerous treatments and
therapeutic strategies are employed in the care of persons with
ALS (PALS), there are only 2 approved medications that slow
ALS progression: riluzole and edaravone. These drugs do not
cure ALS, but rather modestly prolong survival or slow disease
progression [5,6].

In 2008, the US Congress passed the ALS Registry Act which
directed the federal Agency for Toxic Substances and Disease
Registry (ATSDR) to create the National ALS Registry
(Registry) [7]. The mission of the Registry is multifold and
includes determining national epidemiological trends such as
incidence, prevalence, and mortality; identifying and examining
risk factors and potential etiologies; and facilitating and
supporting ALS research [8].

Researchers face challenges in patient recruitment and
enrollment, especially for rare, fatal diseases such as ALS [9].
These challenges include having sufficient sample size,
satisfying narrow inclusion criteria (eg, disease duration <2
years, specific genetic mutations, forced vital capacity >70%),
as well as meeting eligibility requirements such as age, sex, and

study proximity [10-14]. Similarly PALS, like patients with
other rare disorders, face difficulty finding and enrolling in
research studies for which they are eligible [15]. In 2012, the
Registry sought approval from the Centers for Disease Control
and Prevention (CDC) Institutional Review Board (IRB) to use
its database of patients as a recruitment tool for researchers [16].
The system is now called the research notification mechanism
(RNM). The purpose of this system is to provide a tool for
researchers to recruit for epidemiological, biomarker, and
observational studies, as well as clinical trials. Our objective is
to describe how ATSDR’s National ALS Registry is connecting
PALS with opportunities to participate in ALS research and
trials.

Methods

Since its establishment in 2012, PALS enrolling in the ALS
Registry have been provided the opportunity to consent to
receive research notifications. Interested participants provide
an email address for receipt of research notifications through
the RNM. To use the RNM, ALS researchers seeking PALS
for research or trial participation submit a completed application
online at the National ALS Registry website [17]. In the
application process, researchers can select specific eligibility
criteria to screen patients. Such criteria could include age range,
period since diagnosis, gender, family history of ALS, region
(national, state, or city); however, some researchers may specify
no screening criteria if their study could include all Registry
participants (Table 1).

Table 1. Patient criteria under the National ALS Registry research notification application.

CriteriaPrescreening

0-10, 11-20, 21-30, 31-40, 41-50, 51-60, 61-75, >75Age range at diagnosis (years)

From (yyyy) to (yyyy)Diagnosis years

Male or femaleGender

eg, Atlanta, GeorgiaCity (State) of US residence

Mother, father, brother, sister, childrenFamily history of ALSa

Materials sent to all participants taking part in the processNo prescreening needed

aALS: amyotrophic lateral sclerosis.

Proof of the researcher’s IRB approval is required; however,
CDC IRB approval is not required as this system was previously
approved. All applications are reviewed for completeness and
researchers are contacted if items are outstanding (eg, missing

curriculum vitae or application form). Applications are
submitted to the Registry's review committee comprising of
internal and external subject matter experts to determine
scientific merit based on a set of established criteria (Table 2).
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Table 2. Evaluation and approval of the application by the National ALS Registry review committee.

CriteriaEvaluation

A. Outstanding/B. Excellent/C. Good/D. Acceptable/E. Unaccept-
able

1. Scientific merit (A-D is considered acceptable)

A. High potential/B. Strong potential/C. Good potential/D. Lim-
ited potential/E. No apparent potential

2. Will the proposal provide useful information for ALSa patients? (A-C is consid-
ered acceptable)

Yes/No/Requires more information3. Are the patient contact procedures and materials clear?

Yes/No/Requires more information4. Are the patient contact procedures and materials appropriate, necessary, and
sufficient?

Yes/No/Requires more information5. In your judgment, would most ALS patients find the demands of the protocol
reasonable?

Yes/No/Requires more information6. Is there an acceptable risk/benefit ratio?

Yes/No/Requires more information7. Are there adequate protections for patient confidentiality and privacy?

Yes/No8. Does the proposal reach a satisfactory threshold for all 7 criteria listed above?

Yes/No9. Do you support approval of the proposal as it has been submitted?

Comments for the investigators (limit of 500 words)

aALS: amyotrophic lateral sclerosis.

External committee members complete a conflict of interest
form to ensure neutrality. Depending on the complexity of the
application, approval time is within 3 weeks. If the committee
cannot make a decision, final approval or disapproval resides

with the ATSDR. Once the application is approved, Registry
staff work with the researcher to coordinate a date and time for
the notification, as shown in the process chart (Figure 1).

Figure 1. Flowchart of application approval process. ALS: amyotrophic lateral sclerosis; ATSDR: Agency for Toxic Substances and Disease Registry.

This communication helps the researcher to prepare for an influx
of enrollment inquiries. The notification to PALS consists of a
preapproved template with an attached document informing
them of eligibility criteria (when applicable) and contact
information for the researcher. A disclaimer is added to all
notifications stipulating that CDC/ATSDR does not necessarily
endorse the study and is not involved in its design or execution.
PALS in receipt of the registration email can contact the research
team directly to inquire about participation—no identifying
information is shared with ALS researchers. RNM notifications
can be sent to all registrants up to 3 times, if needed, and as
requested by the researcher. In 2018, a fourth notification was

implemented. The fourth communication follows the third round
of notification to only newly registered patients after the 2018
implementation. All studies are posted on the Registry’s website
and are classified as either “Active” or “Closed.” Contact
information is also posted on the website for “Active” studies
[18].

Results

Since the launch of the Registry in 2010, over 90% of enrollees
have elected to be notified about new ALS clinical trials and
epidemiological studies. From 2013 to 2019, 46 institutions,
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both domestic and abroad, have leveraged this tool and 638,760
total emails were sent to consented patients. Annually, the
greatest number of emails were sent in 2018 (n=293,422). In
2017, researchers at 10 institutions used the notification

system—its broadest annual utilization. The median number of
emails sent annually has been 41,433. The median number of
emails per study was 8109 (Table 3).

Table 3. Number of emails sent to consented patients by Registry’s RNMa, 2013-2019.

Yearly medianEmails (n=638,760), n (%)c,dStudies (n=46), n (%)bYear

9095690 (0.89)4 (8.70)2013

557027,035 (4.23)8 (17.39)2014

550841,433 (6.49)9 (19.57)2015

207620,007 (3.13)3 (6.52)2016

907782,114 (12.86)10 (21.74)2017

30,091293,422 (45.94)6 (13.04)2018

21,978169,059 (26.47)6 (13.04)2019

aRNM: research notification mechanism.
bMedian number of studies for 2013-2019: 6.
cMedian number of emails for 2013-2019: 41,433.
dMedian number of emails per study: 8109.

Of the 7030 registrants who participated in the clinical
notification, patients between the ages of 60 and 69 years had
the highest level of participation (n=2417, 34.38%), whereas
those between the ages of 18 and 39 and aged over 80 had the

lowest (n=286, 4.07%, and n=218, 3.10%, respectively; Table
4). Age distribution in those who participated in clinical
notification was found to be statistically different from the total
registrants.

Table 4. Demographic characteristics of registrants who elected to receive notifications, January 1, 2013 to December 31, 2019.

P valueaAll registered participants (n=10,625), n (%)Clinical notification participants (n=7030), n (%)Characteristic

<.001Age at diagnosis, n (%)

341 (3.21)286 (4.07)18-39

1041 (9.80)840 (11.95)40-49

2782 (26.18)2067 (29.40)50-59

3817 (35.92)2417 (34.38)60-69

2198 (20.69)1202 (17.10)70-79

446 (4.20)218 (3.10)80+

.71Gender, n (%)

6289 (59.19)4170 (59.32)Male

4336 (40.81)2860 (40.68)Female

.18Census region, n (%)

3315 (31.20)2076 (29.53)Midwest

3480 (32.75)2420 (34.42)South

2216 (20.86)1464 (20.83)West

1556 (14.64)1019 (14.50)East

58 (0.55)51 (0.73)Other/Missing

aP value, Cochran–Mantel–Haenszel test.

More males participated (4170/7030, 59.32%) than females
(2860/7030, 40.68%). Furthermore, participation of 7030
patients elected to be notified for clinical and epidemiological
studies varied by region of country: South at 34.42% (n=2420),
Midwest at 29.53% (n=2076), West at 20.83% (n=1464), and
the East at 14.50% (n=1019; Table 4). This representation is in

parallel with what has been observed in all registered
participants. Based on anecdotal feedback from researchers, it
is conservatively estimated that over 2000 patients were
recruited for clinical trials between 2013 and 2019. This was
calculated using an estimated average of 50 patients recruited
per study for 46 studies or 2300 patients recruited since 2013.
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Some studies recruited more than 50 patients, whereas some
less. Epidemiological studies conducted by Columbia University
and University of Miami also demonstrated a higher percentage

of patients recruited from the RNM than other sources (Tables
5 and 6).

Table 5. Utilization of the research notification mechanism by Columbia Universitya.

Enrolled (n=103), n (%)Recruited (n=227), n (%)Enrollment method

69 (66.9)164 (72.2)Email Blast (ATSDRb)

13 (12.6)21 (9.3)Pamphlet

20 (19.4)35 (15.4)Columbia University Irving Medical Center

0 (0)1 (0.4)ALSAc listserv

0 (0)4 (1.8)ALSd online forums

1 (1.0)2 (0.9)ATSDR conference

aProspective comprehensive epidemiologic study in a large cohort in the National ALS Registry: identifying ALS risk factors.
bATSDR: Agency for Toxic Substances and Disease Registry.
cALSA: Amyotrophic Lateral Sclerosis Association.
dALS: amyotrophic lateral sclerosis.

Table 6. Utilization of the research notification mechanism by the University of Miamia.

P valueUnpaired t testb (df)Mean enrollment rate per monthEnrollment method

25Baseline

.920.091 (17)26Lecture

.780.28 (22)28Tweet

.321.02 (20)42Facebook

.0092.94 (30)89National ALSc Registry Research Notification Tool

aRare Disease Clinical Research Network, Contact Registry for the Clinical Research in ALS and Related Disorders for Therapeutic Development
(CReATe) Consortium.
bCompared with baseline.
cALS: amyotrophic lateral sclerosis.

A list of notable clinical trials and epidemiological studies is
provided in Multimedia Appendix 1.

Since inception of the system, epidemiological studies have
outnumbered clinical trials. These studies have focused on the
evaluation of risk factors, genetics, and patient and caregiver
burden, while clinical trials have focused on novel treatments
to reverse or slow disease progression. A complete list of clinical
trials and studies is available in the National ALS Registry
website [18].

Discussion

Clinical trial recruitment for rare diseases such as ALS has
evolved. Researchers are continuously looking for novel
methods for outreach and recruitment. The launch of the
Registry’s RNM has helped to recruit patients for both clinical
trials and epidemiological studies. The recruitment of
participants for epidemiological studies and clinical trials is
challenging [19,20]. This is especially the case for ALS where
it is estimated that almost 60% of patients are not eligible for
clinical trials [21]. The use of telemedicine to facilitate ALS
clinical trials offers assistance with recruitment, consenting,
and screening [22]. This is particularly evident with the

COVID-19 pandemic and its impact on clinical research [23].
The cost of conducting clinical trials as well as the recruitment
of patients are mitigating factors [24]. It is estimated that only
10% of the patient population with ALS participates in clinical
trials [13].

Many factors contribute to the challenges of recruiting
participants for ALS trials and a multifaceted approach is likely
needed to improve research participation. Some models posit
that behavior (trial enrollment) is determined by 3 main factors:
motivation, access, and information [25]. Because ALS is a
terminal disease, PALS are often highly motivated to enroll in
trials. Unfortunately, access is still restricted for some ALS
research. Almost 60% of PALS are deemed ineligible for most
trials and access can be limited by mobility or geography
[10,20]. The use of technology and the recent launch of the
Healey ALS Platform Trial, which allows the testing of multiple
treatments at once, should help reduce the cost of research,
decrease trial time, and increase patient participation [26,27].
The Registry is poised to support this platform trial. This is
evident by the growing list of clinical trials and epidemiological
studies since 2013. The Registry’s novel system provides a
user-friendly mechanism for researchers to access an existing
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pool of patients with ALS. Moreover, there is no charge to
researchers to use the Registry to recruit patients with ALS.

Thousands of PALS have enrolled in research based on RNM
notifications, and while the number of those who actually
participate is challenging to determine with specificity, our
estimate of 2300 PALS is based on conservative assumptions.
In addition, the exact estimate of participants recruited by the
Registry’s system is limited because many studies have more
than 1 route of recruitment and researchers do not typically ask
where a patient is recruited from such as ClinicalTrials.gov or
the National ALS Registry. There were more males among the
notification participants than females, in line with the
demographics of ALS, which affects more males than females
[2,8,28]. With over 8000 notification emails sent per study, the
RNM allows researchers to access a large pool of potential
participants quickly and efficiently. Furthermore, sending
multiple notifications (n=4) allows patients who may have
missed the notification message in their email inbox to be
reminded of opportunity to participate in clinical trials and
epidemiological studies. Because emails have inherent
limitations and to increase durability of the recruitment message,
the Registry has also posted all active studies with respective
contact information on the website. This gives researchers the
maximum exposure for their study.

The Registry has recruited for several notable clinical trials.
These include 2 Phase 2/3 clinical trials, 1 utilizing
mesenchymal stem cell–neurotrophic factor cells and the other
a coformulation of sodium phenylbutyrate–taurursodiol, that

have shown promise as recently reported [29,30]. In addition,
the Registry has provided support for several epidemiological
studies. Studies from Columbia University and the University
of Miami demonstrated that the notification system led
enrollment efforts when compared with other methods such as
print and social media.

There are limitations to the RNM; for example, the system does
not recruit for all ALS clinical trials because investigators must
submit an application for consideration. Besides, the RNM only
recruits patients who have self-enrolled in the Registry and not
those who have been identified via Centers for Medicare &
Medicaid Services (CMS) or Veterans Affairs (VA) databases.
The Registry is working with partner organizations such as the
ALS Association, Muscular Dystrophy Association, and the
Les Turner ALS Foundation to increase enrollment, especially
for minority patients.

Patient registries have been found to be successful in the
recruitment of clinical trials for cancers and other conditions
globally [31]. The National ALS Registry’s RNM is an effective
tool for connecting PALS to researchers conducting clinical
trials and epidemiological studies. The implementation and
utilization of the RNM continues to benefit the researchers by
helping to speed-up the recruitment process, increasing the study
sample size, and easily and efficiently identifying patients
meeting specific eligibility requirements. As more researchers
learn about and use this mechanism, PALS and researchers can
work together to accelerate therapy development for ALS.
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Abstract

Background: Obtaining explicit consent from patients to use their remnant biological samples and deidentified clinical data
for research is essential for advancing precision medicine.

Objective: We aimed to describe the operational implementation and scalability of an electronic universal consent process that
was used to power an institutional precision health biobank across a large academic health system.

Methods: The University of California, Los Angeles, implemented the use of innovative electronic consent videos as the primary
recruitment tool for precision health research. The consent videos targeted patients aged ≥18 years across ambulatory clinical
laboratories, perioperative settings, and hospital settings. Each of these major areas had slightly different workflows and patient
populations. Sociodemographic information, comorbidity data, health utilization data (ambulatory visits, emergency room visits,
and hospital admissions), and consent decision data were collected.

Results: The consenting approach proved scalable across 22 clinical sites (hospital and ambulatory settings). Over 40,000
participants completed the consent process at a rate of 800 to 1000 patients per week over a 2-year time period. Participants were
representative of the adult University of California, Los Angeles, Health population. The opt-in rates in the perioperative
(16,500/22,519, 73.3%) and ambulatory clinics (2308/3390, 68.1%) were higher than those in clinical laboratories (7506/14,235,
52.7%; P<.001). Patients with higher medical acuity were more likely to opt in. The multivariate analyses showed that African
American (odds ratio [OR] 0.53, 95% CI 0.49-0.58; P<.001), Asian (OR 0.72, 95% CI 0.68-0.77; P<.001), and multiple-race
populations (OR 0.73, 95% CI 0.69-0.77; P<.001) were less likely to participate than White individuals.

Conclusions: This is one of the few large-scale, electronic video–based consent implementation programs that reports a 65.5%
(26,314/40,144) average overall opt-in rate across a large academic health system. This rate is higher than those previously
reported for email (3.6%) and electronic biobank (50%) informed consent rates. This study demonstrates a scalable recruitment
approach for population health research.
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Introduction

Informed consent for the research use of data and biological
specimens is an essential and critical component of a robust
program in precision medicine [1-3]. Although the common
rule [4] considers the research use of deidentified tissue as “not
human subjects” research, the National Institutes of Health
(NIH) Genomic Data Sharing Policy expects consent to be
obtained for future research use and broad data sharing, even
if biospecimens are deidentified [5,6].

The 2017 revision to the common rule includes a new category
of regulatory broad consent that provides more flexibility for
researchers to consent participants for the storage, biobanking,
and secondary research use of identifiable information or
biospecimens [4]. Further, many advocates and ethicists have
articulated an obligation to communicate that remnant tissue
may be used for research and that researchers should proactively
obtain informed consent [7,8]. Patients have also expressed a
desire to have their preferences dictate the use of clinical
specimens for research [8,9]. From this perspective, large-scale
precision medicine programs that hope to engender greater trust
and foster external collaborations, including collaborations with
commercial entities and federal agencies, should consider
proactively structuring their consent processes to include these
key aspects of a broader and more informative consent process.

The emergence of digital health has also played a significant
role in defining precision health approaches to obtaining
electronic consent [10-12]. Obtaining in-person paper consent
is often resource intensive, is not easily scalable, and precludes
digital responses from being incorporated in the electronic health
record (EHR) and laboratory information management systems
[10-14]. Given that precision medicine research requires
large-scale patient engagement, innovations in consent processes
and public education [1,15] are required. Animated video
consent approaches have been effective in providing
comprehensive information and improving participants’
understanding of content [16,17] and have thus provided an
opportunity to more effectively increase the participation of
traditionally underrepresented communities, as content can be
tailored to participant groups.

The Engaging University of California Stakeholders for
Biorepository Research (EngageUC) Consent Trial [18] was
conducted to harmonize biobanking policies and procedures
across 5 University of California medical campuses with the
help of NIH Clinical and Translational Science Institutes (CTSI).
The investigators developed an evidence-based approach that
allowed for iterative stakeholder engagement to develop efficient
biobank operations and equitable governance processes. The
key themes that emerged were that the public should be educated
about biobanking; the source of consent content should be
considered knowledgeable and trustworthy; the process should

be low stress and provide an opportunity to obtain answers to
questions; the format and language should be easy to understand;
and stakeholders, including the community, should play a role
in informing and advising the institution. This framework
provides a pathway for addressing the technical and ethical
challenges that must be resolved to ensure that biorepositories
continue to support translational research in ways that are
inclusive of the populations they serve.

In 2016, the University of California, Los Angeles (UCLA),
Institute for Precision Health (IPH) launched their ATLAS
Community Health Initiative to engage a diverse sample of
patients across UCLA Health in precision health research. The
goal was to create a powerful and robust clinical and genomic
data resource for cutting-edge translational research. This
required innovative and scalable solutions for sustaining the
program’s rapid growth. The IPH partnered with this study’s
team to further develop and pilot their electronic universal video
consent (UCON) process for biological samples, which was
used to power the ATLAS precision health biobank.

In the development phase of this program, we leveraged the
learnings from the EngageUC Consent Trial [18] and engaged
community members across the greater Los Angeles region and
internal stakeholders across the UCLA Health system, David
Geffen School of Medicine at UCLA, the IPH, and CTSI as
part of the initial development and pilot of the UCON process
in targeted clinics at UCLA Health [19]. This “one-time”
consent process gives all adult patients the autonomy to choose
whether they want their deidentified biospecimens and clinical
data to be made available for research.

In this paper, we describe phase 2 of the ATLAS Community
Health Initiative, which focuses on the operational
implementation and scalability of the UCON process. This
includes its interoperability with the EHR and laboratory
information management systems that power the UCLA ATLAS
precision health biobank. We expanded the animated UCON
process to 18 UCLA Health clinics across the Los Angeles
region to test its scalability as an enterprise solution.

Methods

Study Setting
UCLA Health is one of the most diverse, comprehensive, and
leading academic medical centers in Southern California.
Ranked first in California and third in the nation, the UCLA
Health system is comprised of a number of hospitals, including
Ronald Reagan UCLA Medical Center and UCLA Santa Monica
Medical Center, and an extensive primary care network of >180
medical offices in the greater Los Angeles area. This study was
approved by the UCLA Institutional Review Board (institutional
review board number: 15-001395IRB) with a waiver of written
informed consent.
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Electronic Video Consent
The electronic consent videos were designed to be
self-administered, be fast (around 7 minutes), and meet the NIH
consent threshold [19]. These fully animated (cartoon-like)
videos were developed to better communicate content to lay
audiences (Figure 1). The videos [20] were available in English
and Spanish and included voice-overs. All of the essential
components of regulatory broad informed consent were included
in the videos. Our study team assembled a community advisory
board (CAB) consisting of 11 respected leaders who were highly
involved with organizations in the Los Angeles region that

understood our diverse communities and represented their
perspectives. The members were racially diverse (African
American: n=2; Latinx: n=2; Asian American: n=1; Native
American: n=1; Persian American: n=1; White and
Non-Hispanic: n=4) and equitable with respect to gender (male:
n=5; female: n=6). The CAB reviewed the results of a
convenience sample of 117 patients who underwent cognitive
testing. Operational feasibility was also tested with 625
additional patients. The CAB made the recommendation to
move forward with the expansion to the broader UCLA Health
population [19].

Figure 1. Representative screenshots of universal consent animated videos. Tsp: teaspoon.

Consent Choices
With regard to patients’ opt-in and opt-out statuses, patients
could choose to (1) opt in to share their remnant samples plus
a dedicated blood sample, (2) opt in to share remnant tissues
only, or (3) opt out altogether. We also tracked the number of
patients who opted in and indicated a willingness to be
recontacted for future research.

Workflows
The UCON process was deployed in perioperative suites, clinical
labs, and ambulatory clinics (Figure 2). In perioperative suites,
patients were handed an iPad (Apple Inc), were instructed to
watch the UCON video, and provided their consent decision.
The iPad was then collected by nurses in the perioperative area.
If a patient consented to providing an extra blood tube, the
nurses placed the order in the EHR per the protocol. Patients
typically waited for 30 to 60 minutes prior to their procedure,

which provided ample time for completing the consent process.
All extra tubes were automatically routed to the precision health
biobank for DNA extraction and storage. In clinical labs, patients
were handed an iPad by the front desk staff. Patients typically
waited for 10 to 15 minutes prior to a lab draw and were able
to watch the 5-minute UCON video and complete the consent
process. Lastly, patients who were consented in ambulatory
clinics completed the consent process at a self-service kiosk or
by using an iPad before, during, or after a clinic visit. Patients
waited for 10 to 15 minutes before moving to an exam room
and another 10 to 15 minutes prior to meeting with a care
provider, which provided ample time for completing the consent
process. Once remnant (leftover) tissue samples became
available for patients who opted in, these samples were
accessioned into the ATLAS precision health biobank. DNA
was extracted from whole blood and genotyped. Afterward, the
remaining DNA was stored in the biobank.
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Figure 2. Universal consent workflow. EHR: electronic health record.

Documentation and Tracking Within the EHR
After consent completion, consent decisions were transmitted
to the precision health biobank’s laboratory information
management system (Biomaterial Tracking Management
System; Daedalus Inc). PDF files containing patients’ UCON
completion statuses were sent to the EHR (Epic Systems
Corporation) [21], which generated a receipt in real time in a
custom registration field. The receipt ensured that patients would
not be asked to complete the consent process a second time.
Clinical staff used this field to determine which patients were
eligible to complete the process.

Data Collection
The following data were collected from all patients who
underwent the UCON process: sociodemographic information;
comorbidity statuses based on the Charlson Comorbidity Index
[22]; health utilization data, including ambulatory visits,
emergency room visits, and hospital admissions; and consent
decisions. With the exception of consent decisions, the data
were all collected from the EHR by an honest broker who
merged and deidentified the data via an institutional review
board–approved process.

Statistical Analysis
Descriptive statistics were computed for all study variables.
Quantitative variables were summarized by using means, SDs,
and quartiles, while categorical variables were summarized by
using frequencies and percentages. Sample characteristics were
reported for the cohort that completed the consent process and
for the larger UCLA Health patient population to determine
whether there was sampling bias within and across clinics. US
census data were used to obtain comparable summaries (where
available) for residents of Los Angeles County.

Comparisons were made among the three workflows.
Quantitative variables were compared by using 1-way analysis
of variance F tests, and categorical variables were compared
by using chi-square tests or Fisher exact tests, as appropriate.
Consent status, which was categorized as consented or declined,
was modeled via logistic regression.

A stepwise variable selection procedure was used to select a
subset of predictor variables for inclusion in the model. This
involved using entry and exit criteria for variables with a P
value of <.001. The results of separate models that included 1
predictor at a time, as well as those of a multivariate model that
combined all selected predictors, were reported. Odds ratios
(ORs), 95% CIs, and P values were used to summarize model
results. Model fit was evaluated by using the area under the
curve. Statistical significance was defined as a P value of <.05.
Cohort summaries and comparisons among cohorts were
performed by using R version 3.5.0 (R Foundation for Statistical
Computing). Logistic regression modeling was performed by
using SAS version 9.4 (SAS Institute).

Results

Demographic Comparisons
The IPH consented 40,144 participants from March 2017
through June 2019 (Table 1). Of these participants, 26,314
(65.5%) opted into the ATLAS precision health biobank
program. The demographics were representative of the UCLA
Health population. ATLAS patients were only slightly older
than the general UCLA Health population and much older than
the Los Angeles County population; 30.2% (12,123/40,144) of
ATLAS participants were aged ≥65 years, whereas 27.5%
(160,479/583,282) and 16.6% of the UCLA Health and Los
Angeles County populations, respectively, were aged ≥65 years.
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The percentages of African Americans (2558/40,144, 6.4%)
and Hispanic individuals (6055/40,144, 15.1%) in the ATLAS
cohort were higher than those in the UCLA Health population
(African Americans: 27,338/583,282, 4.7%; Hispanic

individuals: 64,234/583,282, 11%) but lower than those in the
Los Angeles County population (9.1% and 48.5%, respectively).
The Los Angeles County data reflect census data from 2019,
which only provides rates [23].

Table 1. Demographic and clinical characteristics of the cohort and reference populations.

Los Angeles County

populationb
UCLAa Health popula-
tion (N=583,282)

Patients who completed the
consent process (N=40,144)

Characteristics

—c51.6 (19.1)53.1 (17.5)Age (years), mean (SD)

16.6160,479 (27.5)12,123 (30.2)Aged ≥65 years, n (%)

50.7333,998 (57.3)22,302 (55.6)Female, n (%)

Ethnicity, n (%)

51.5429,327 (73.6)32,413 (80.7)Not Hispanic or Latino 

48.564,234 (11)6055 (15.1)Hispanic or Latino 

089,721 (15.4)1676 (4.2)Other, unknown, or refused 

Race, n (%)

71330,572 (56.7)24,840 (61.9)White 

15.154,043 (9.3)4667 (11.6)Asian 

9.127,338 (4.7)2558 (6.4)Black or African American 

0.41204 (0.2)119 (0.3)Native Hawaiian or other Pacific Islander 

1.52282 (0.4)115 (0.3)American Indian or Alaska Native 

3167,843 (28.8)7845 (19.5)Multiple races, other, unknown, or refused 

Marital status, n (%)

—289,364 (49.6)22,897 (57)Married, significant other, or partner 

—209,016 (35.8)12,227 (30.5)Single 

—52,201 (8.9)4573 (11.4)Divorced, separated, dissolved, or widowed 

—32,701 (5.6)447 (1.1)Other or unknown 

Neighborhood education level (percentage of high school graduates), n (%)

—209,697 (36)17,074 (42.5)<50% 

—256,249 (43.9)17,785 (44.3)>50% 

—117,336 (20.1)5285 (13.2)Unknown 

—1.2 (2.3)2.7 (3.5)Charlson score, mean (SD)

—547,283 (93.8)39,870 (99.3)≥1 ambulatory visit, n (%)

—43,695 (7.5)12,438 (31)≥1 inpatient admission, n (%)

—75,913 (13)9131 (22.7)≥1 emergency department–only visit, n (%)

—24,757 (4.2)5143 (12.8)≥1 emergency department–to-inpatient visit, n (%)

aUCLA: University of California, Los Angeles.
bThe Los Angeles County data reflect census data from 2019, which only provides rates [23].
cNot available.

Finally, the IPH patients were more likely to be male, married,
and well educated compared to the UCLA Health population
(Table 1).

Although the UCON video was available in Spanish, most
individuals of self-reported Hispanic descent elected to complete
the consent process in English (39,294/40,144, 97.9%; Table
2).
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Table 2. Consent outcomes by workflow.

P valueOther or unknown
(n=3390), n (%)

Lab workflow (n=14,235), n
(%)

Perioperative and admission workflows
(n=22,519), n (%)

Consent outcomes

<.0013331 (98.3)14,004 (98.4)21,959 (97.5)Consented in English

<.0013325 (98.1)13,989 (98.3)21,672 (96.2)Self-administered consent

<.001Consent status

1361 (40.1)4047 (28.4)10,640 (47.2)Extra tube or saliva sample 

947 (27.9)3459 (24.3)5860 (26)Remnant only 

1082 (31.9)6729 (47.3)6019 (26.7)Declined 

<.001Contact status

1439 (42.4)8166 (57.4)11,991 (53.2)Do not contact 

1152 (34)4716 (33.1)9545 (42.4)Contact 

799 (23.6)1353 (9.5)983 (4.4)Unknown 

Differences in Consent Across Clinical Settings
We observed a marked difference in the willingness to opt in
between patients presenting to different clinics (perioperative
suites: 16,500/22,519, 73.3%; ambulatory setting: 2308/3390,
68.1%; Table 2) and patients in the laboratory medicine
workflow (7506/14,235, 52.7%; P<.001). Patients in
perioperative settings were more likely to share an extra tube
(10,640/22,519, 47.2%) than patients in other clinic settings
(P<.001). The number of patients who decided to opt in and
provide a dedicated extra tube was highest in perioperative
suites (10,640/22,519, 47.2%), second highest in ambulatory
settings (1361/3390, 40.1%), and lowest in clinical labs
(4047/14,235, 28.4%; P<.001). Further, the number of patients
who were willing to be recontacted was highest in perioperative
suites (9545/22,519, 42.4%), second highest in ambulatory
settings (1152/3390, 34%), and lowest in clinical labs
(4716/14,235, 33.1%).

Multivariate Analysis of Consent Variables
The most substantial differences in consent rates were observed
in the perioperative setting. Those who were consented by using
the laboratory workflow were significantly less likely to opt in
than those who were consented by using the perioperative
workflow (OR 0.43, 95% CI 0.42-0.46; P<.001; Table 3). There
were also significant but less dramatic differences in opt-in rates
based on self-reported ancestry; African American (OR 0.53,
95% CI 0.49-0.58; P<.001), Asian (OR 0.72, 95% CI 0.68-0.77;
P<.001), and multiple-ethnicity populations (OR 0.73, 95% CI
0.69-0.77; P<.001) were less likely to opt in compared to those
who self-identified as White (Table 3). More frequent health
care utilization was also a significant predictor—those with
greater than 1 inpatient admission had an OR of 1.28 (95% CI
1.22-1.35) for providing consent (P<.001). However, this was
not the case for those who were frequent visitors of the
emergency department, since those with greater than 1
emergency department visit had a lower consent rate than the
average (OR 0.86, 95% CI 0.82-0.91; P<.001).
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Table 3. Stepwise logistic regression model of any consent versus declines.

Multivariable modelUnadjusted modelsVariables

P valueOdds ratio (95% CI)P valueOdds ratio (95% CI)

<.001<.001Race (reference: White)

<.0010.72 (0.68-0.77)<.0010.66 (0.61-0.70)Asian

<.0010.53 (0.49-0.58)<.0010.52 (0.48-0.57)Black or African American

.761.07 (0.71-1.60).781.06 (0.71-1.57)Native Hawaiian or other Pacific Islander

.100.72 (0.49-1.07).170.77 (0.52-1.12)American Indian or Alaska Native

<.0010.73 (0.69-0.77)<.0010.67 (0.64-0.71)Multiple races, other, unknown, or refused

<.001<.001Marital status (reference: married, significant other, or partner)

<.0010.89 (0.85-0.93)<.0010.81 (0.78-0.85)Single

.120.95 (0.88-1.02)>.991.00 (0.94-1.07)Divorced, separated, dissolved, or widowed

.981.00 (0.83-1.22)<.0010.60 (0.50-0.72)Other or unknown

<.0011.28 (1.22-1.35)<.0011.41 (1.34-1.47)≥1 inpatient admission

<.0010.86 (0.82-0.91)<.0010.90 (0.86-0.94)≥1 emergency department–only visit

<.001<.001Workflow (reference: perioperative and admission workflows)

<.0010.43 (0.42-0.46)<.0010.41 (0.39-0.43)Lab workflow

<.0010.83 (0.76-0.89)<.0010.78 (0.72-0.84)Other or unknown

<.0010.74 (0.63-0.87)<.0010.72 (0.62-0.84)Consented in English

We also tracked the number of patients who reached out to the
biobank with questions about their participation (n=13). The
low number of patients may suggest that the UCON process
was self-explanatory and did not require additional support to
complete; however, this was not measured directly.

Discussion

In this study, we demonstrate that an integrated, institutional
population–based electronic video consent process for the use
of remnant biomaterials and deidentified phenotype data in
research is feasible and scalable in large populations. The use
of an animated, electronic video consent process is novel and
innovative; ours is one of the few large-scale implementation
studies that was conducted across a large health system and
provided an enterprise solution for precision health research.
Other reported efforts have been small, local, and
nonrepresentative [24]. Compared to in-person paper consent,
electronic video consent requires fewer human resources and
less physical space and can be translated to reach diverse
populations. A recent review of electronic consenting suggested
that this modality is well received by participants, especially if
it is accessible, user-friendly, and engaging and is tailored to
specific patient populations [25,26]. The literature also suggests
that this modality improves patient-centered outcomes, such as
satisfaction and understanding [27]. At UCLA Health, we have
implemented the translation of the UCON video into 8 languages
that are represented widely across Los Angeles County. Other
large precision health initiatives, such as the NIH All of Us
Research Program, use more traditional consenting approaches
and are limited to English and Spanish. In this regard, the
expansion of the UCON process to several clinics across UCLA
Health demonstrates the scalability of the UCON process as a

recruitment engine that can power a large precision health
program.

One of the goals of our precision health efforts is to ensure the
inclusion of diverse populations and improve the accuracy of
genetic prediction for all patients, regardless of ancestry. The
inclusion of approximately 38.1% (15,304/40,144) of
non-European patients in our biobank was likely achieved
because we are located within one of the most diverse counties
in the country. We note however that approximating the total
diversity of Los Angeles County is a more daunting task that
will require further, more significant outreach efforts. Although
underrepresented populations are thought to have a lower
willingness to participate in biobank research [28,29],
community-based participatory research strategies have been
shown to be effective [30-32]. Studies have shown that
variations in the willingness to consent are mediated by different
levels of trust in the health care and medical research system
[33-35]. Patients are unsure about their rights over their biobank
data [8] and have concerns about secondary research use [8,9].
Educating patients on the importance of genetic diversity for
precision health approaches and creating toolkits to explain why
their participation in large-scale programs is necessary will be
important to the field.

This study also has its limitations. First, the UCON video was
deemed to be at the ninth-grade reading level instead of the
targeted seventh-grade reading level due to the use of many
scientific terms and monosyllabic words. However, its success
may reflect the demographics of the West Los Angeles
population, which tends to be more educated and affluent.
Despite this, we were successful in recruiting a diverse
population for our expansion across UCLA Health. Future work

J Med Internet Res 2021 | vol. 23 | iss. 12 | e31121 | p.1071https://www.jmir.org/2021/12/e31121
(page number not for citation purposes)

Lajonchere et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


will include working with community partners at our affiliated
community hospitals to adapt the UCON process to communities
with lower health and linguistic literacy. Our data are also
slightly skewed toward older patients, as they make up a large
proportion of patients in our procedure units (ie, those in
ambulatory, laboratory medicine, and perioperative settings).
Although we identified some sociodemographic and health
characteristics that predicted the willingness to opt into the
ATLAS program, our multivariate models, while predictive,
did not explain all of the variance. As such, it is likely that there
are considerable unmeasured factors that influence an individual
patient’s decision process. The differences in consent rates
across different clinical settings may suggest that patients are
more willing to participate in biobank research in clinics, where
there are higher rates of touch interactions between health care
providers and patients.

Another potential limitation is that there was no measure for
religiosity (how deeply religious an individual may be), which,
in large national samples, has been shown to drive the
willingness to participate in biobank research [36,37].
Additionally, our data only generalize to adults and do not
generalize to pediatric patients. These populations often require
specifically tailored consent and assent processes. Previously
reported data show that patients’ willingness to consent differs
from their willingness to allow their child to participate in
research [37]. However, adolescents have a high capacity for
consent—similar to normal adults—and consider themselves
capable of making voluntary choices [38]. Future work has been
planned with pediatric patients within UCLA Health to shed
light on this issue. Lastly, the consenting process has not been
tested across multiple institutions but rather represents a single

institutional study conducted at UCLA, which resides in the
large metropolitan area of Los Angeles where approximately
79% of adults aged >25 years have a high school diploma [23].
Discussions are underway to expand the consenting process to
other University of California sites where using a standard
consent process is important for collaboration and data sharing
(eg, when federal and state requirements change or when
conducting international studies in which a high level of consent
is required) [29,39-41].

In conclusion, the use of the UCON process is a scalable and
highly efficient approach for population-based consenting and
the recruitment of patients for precision health research. This
study shows that the UCON process can be deployed to any
number of devices and implemented at multiple medical
locations, making it suitable for large-scale efforts with modest
incremental costs. Implementation strategies using this approach
need to balance obtaining a large sample of consenting
participants with ensuring a representative sample. Moreover,
since this consenting approach is largely self-administered,
combining our consent process with community outreach and
education may be essential to reaching underserved populations
and those that may have strong health beliefs about participation
in research activities. We believe that our consent video and
process offer an approach that allows for the more robust
inclusion of institutions that do not have the financial resources
for using employees to obtain in-person consent. Given the
current reality that many such institutions serve patients who
are chronically ill, are of lower socioeconomic status, and are
from underrepresented populations, our consent video and
process offer the possibility for these groups to become better
represented in precision medicine research.
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Abstract

Background: Chronic obstructive pulmonary disease (COPD) has become one of the most critical public health problems
worldwide. Because many COPD patients are using video-based social media to search for health information, there is an urgent
need to assess the information quality of COPD videos on social media. Recently, the short-video app TikTok has demonstrated
huge potential in disseminating health information and there are currently many COPD videos available on TikTok; however,
the information quality of these videos remains unknown.

Objective: The aim of this study was to investigate the information quality of COPD videos on TikTok.

Methods: In December 2020, we retrieved and screened 300 videos from TikTok and collected a sample of 199 COPD-related
videos in Chinese for data extraction. We extracted the basic video information, coded the content, and identified the video
sources. Two independent raters assessed the information quality of each video using the DISCERN instrument.

Results: COPD videos on TikTok came mainly from two types of sources: individual users (n=168) and organizational users
(n=31). The individual users included health professionals, individual science communicators, and general TikTok users, whereas
the organizational users consisted of for-profit organizations, nonprofit organizations, and news agencies. For the 199 videos,
the mean scores of the DISCERN items ranged from 3.42 to 4.46, with a total mean score of 3.75. Publication reliability (P=.04)
and overall quality (P=.02) showed significant differences across the six types of sources, whereas the quality of treatment choices
showed only a marginally significant difference (P=.053) across the different sources.

Conclusions: The overall information quality of COPD videos on TikTok is satisfactory, although the quality varies across
different sources and according to specific quality dimensions. Patients should be selective and cautious when watching COPD
videos on TikTok.

(J Med Internet Res 2021;23(12):e28318)   doi:10.2196/28318
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Introduction

Chronic obstructive pulmonary disease (COPD) has become
one of the most critical public health problems, which has
resulted in huge health care expenditures [1]. In 2015, COPD
caused approximately 3.17 million deaths worldwide, which
accounted for 5% of global deaths for that year [2]. COPD is
notably more severe in low- and middle-income countries than
in high-income countries. From 2014 to 2015, approximately
5.9% of adults in the United States were reported to be living
with COPD [3], whereas the estimated prevalence was 13.6%
in China during the same period [4].

COPD is a preventable and treatable disease, and there are many
opportunities to reduce the risk of COPD before and after
diagnosis [5,6]. For example, general health consumers could
reduce the risk of contracting COPD by quitting smoking and
avoiding secondhand smoke [7]. Even after a COPD diagnosis,
maintaining a healthy lifestyle can help patients prevent
exacerbations and improve well-being [8]. However, limited
access to information about COPD has become a significant
problem for patients and their caregivers [9]. People living with
COPD often report limited knowledge on several points such
as the causes of COPD and its consequences [10]. Patients have
also often received inadequate guidance about how to recognize
the disease, and avoid and manage exacerbations [10,11].
Therefore, effective health communications that inform patients
on recommended actions are important for better disease
prevention and management, and information communication
technologies can play a substantial role in such communication
and intervention [12].

Emerging technologies provide great health communication
opportunities that can inform and empower COPD patients in
regard to disease management [13]. For example, mobile
technologies have been extensively used to help COPD patients
achieve an early diagnosis [14], make medical appointments
[15], promote physical activity [16], consistently self-monitor
[17], enhance self-management [18], and reduce COPD
exacerbation [12]. Recently, visually rich social media (eg,
YouTube, Pinterest) have become popular among COPD
patients [19,20]. In general, rich social media have several
advantages in health communication. The information can be
illustrated, which makes it easier to process and remember than
information in the form of plain text [21]. Imagistic health
information can elicit affective reactions and motivate
consumers’ health actions [22]. Some prior studies suggest that
COPD patients exposed to visually rich social media are more
willing to engage with COPD-related messages [19,23].

Despite the promising potential of any emerging technology,
patients’ actual use of a technology can be fraught with
problems. Some evidence suggests that information quality is
one of the most significant concerns when COPD patients seek
health information online [24]. Evaluating the quality of online
health information sources is not an easy task for most laypeople
[25,26], especially for many COPD patients who have low
health literacy [27]. According to a survey of COPD patients,
approximately half of the respondents reported difficulty
distinguishing between high- and low-quality health resources

on the internet [27]. Therefore, health care providers should
assess the information quality of online COPD information and
advise their patients about it.

To the best of our knowledge, the quality of online COPD
information in video-based social media has yet to be
sufficiently investigated. Stellefson et al [20] reviewed 223
videos employing the instruments of HONcode (Health on the
Net) principles; they found that the majority of YouTube COPD
videos (69.1%) were of high quality and were mainly created
by authoritative sources (eg, health agencies, organizations,
news agents, and professionals). Recently, the short-video app
TikTok has attracted significant research attention in regard to
its health communication. For example, during the COVID-19
pandemic, TikTok’s coronavirus-related videos were viewed
93.1 billion times as of July 2020 [28]. The originality,
interactivity, and sociable nature of TikTok have given the
younger generation a better user experience and sense of
engagement while seeking health information [29]. TikTok
affords rich information modalities (eg, text, image, audio, and
video), and contains ample technology features such as
commenting, chatting, following, liking, and live-streaming
[30]. These features make the app easier for the general public
to use as a source of health information, and penetration and
usage of TikTok are also on the rise among some older age
groups [31].

We observed that there are many COPD-related videos on
TikTok. However, the quality of the information they offer
remains unclear. Therefore, to fill this gap, the aim of this study
was to evaluate the information quality of COPD videos on
TikTok.

Methods

Search Strategy and Data Extraction
We employed three Chinese words, “慢性阻塞性肺疾病”
(chronic obstructive pulmonary disease), “慢性阻塞性肺病”
(chronic lung disease related to obstructed airflow), and “慢阻
肺” (COPD), to retrieve the relevant COPD videos on TikTok.
In its search function, TikTok provides three ways to sort items:
“overall ranking,” “most recent,” and “most likes.” Overall
ranking is the default mode of sorting recommended by TikTok,
which also comprises the other two modes. Given that most
users employ the default, we used the overall ranking mode to
retrieve the top 100 videos posted from December 6 to
December 10, 2020, under each of the three keywords, which
resulted in a total of 300 videos. We chose the threshold number
of 100 for two reasons. First, TikTok’s search function
encompasses the consideration of topic relevance; the pertinent
COPD videos mostly appear at the top of the result list, and it
is hard to observe any relevant videos when the results go
beyond 100. Second, most general health consumers apply the
“least effort” principle in their online information-seeking
activities; thus, they usually view the top search results instead
of going very far [32].

To choose the most relevant videos, we removed videos that
were (1) duplicates (n=72), (2) not directly related to COPD
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topics (n=17), and (3) advertisements (n=12). Finally, a total
of 199 videos remained for data analysis (see Figure 1).

We used Microsoft Excel to extract and code the basic
information from each video. This included a description of the

video; the URL; the upload date; the duration (in seconds); the
user ID of the uploader; and the numbers of views, likes, and
comments.

Figure 1. Search strategy and video screening procedure.

Instruments
We employed DISCERN as the instrument for assessing the
quality of the information in each video. DISCERN is a brief
questionnaire designed to help health consumers and researchers
assess the quality of health information. The questionnaire
contains three parts, devoted to the reliability of a publication
(8 items), the quality of information on treatment choices (7
items), and an overall rating of the publication (1 item) [33].
Each of the 16 questions is rated on a scale of 1 (lowest score)
to 5 (highest score). We chose DISCERN for several reasons:
(1) it is one of the most widely used instruments for studying
the quality of health information [34], (2) it has proven to be
effective in Chinese contexts [35], and (3) it has proven to be
useful for assessing information quality on other video-based
platforms (eg, YouTube) [36]. The full instrument is presented
in Multimedia Appendix 1.

Moreover, we adopted six questions from Goobie et al [37] to
evaluate the video content. These six questions ask to what
degree a video addresses the definition of a disease, its signs
and symptoms, risk factors, evaluation, management, and
outcomes. Each aspect was scored on a three-item scale: not
addressed (0 points), partially addressed (1 point), and
sufficiently addressed (2 points).

Coding Procedure
Two raters (MZ and YZ) independently evaluated the
information quality of each video, employing the DISCERN
instrument. Both raters are certified physicians who worked in
a local hospital in the division of respiratory disease. The coding
procedure contained three stages.

In the first stage, we recorded the basic information of the video
publishers (eg, account name, self-description, identity
verification status) and the basic information of the videos (eg,
publication date, video length, number of likes, number of
comments, number of shares). Regarding the video publishers,
we categorized the video sources into two main types (ie,
individual users and organizational users) by their account
names and identity verification status. Further, we identified
several subcategories within each source type by their account
names, self-description, and video publication records. For
example, if a video publisher described themselves as a
“scientific writer,” we would code the source as an “individual
science communicator.”

In the second stage, we assessed the video content using the six
categories from Goobie et al [37]: the definition of a disease,

its signs and symptoms, risk factors, evaluation, management,
and outcomes. When we had independently scored the first 30
videos, we found that we were able to reach a consensus on
whether a video contains a certain category of content. One
rater (MZ) then finished rating the rest of the videos and the
other rater (YZ) validated the codes, followed by discussion
and resolution of any inconsistencies between the two raters.

In the third stage, we evaluated the information quality by
applying the DISCERN instrument. Before starting to score the
videos, the two raters first reviewed the official DISCERN
scoring instructions, discussing how the tool could be
operationalized for evaluating video-based content and making
necessary adjustments. Using the DISCERN questions, the two
raters scored all videos independently. The overall rating
agreement (Cohen κ) was 0.793 (P<.001), which indicated that
the rating process had satisfactory interrater reliability. Any
between-group analyses regarding DISCERN scores were
performed using the Kruskal-Wallis H test in SPSS 22.

Results

Video Characteristics
The COPD videos on TikTok came mainly from two types of
sources: individual users and organizational users. Most of the
COPD TikTok videos in our sample were contributed by
individual users (168/199, 84.4%), whereas a relatively small
share was contributed by organizational users (31/199, 15.6%).
For each type, we identified three subcategories (see Table 1).
Among individual users, health professionals created the most
videos, followed by individual science communicators and
general TikTok users. Among organizational users, for-profit
organizations published the highest number of videos, followed
by nonprofit organizations and news agencies.

In the sample, the durations of the videos varied from 10 to
4116 seconds. The videos published by nonprofit organizations
were significantly longer than videos from other sources,
whereas the videos published by news agencies had the shortest
average duration. Videos published by individual science
communicators had the second-longest average duration. The
average duration for the other sources was under 1 minute (Table
2).

The most recent video was published 22 days prior to data
collection, whereas the oldest had been on TikTok for more
than 1 year. The 199 videos received a total of 1,696,725 likes
and 175,703 comments prior to data collection. The number of
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likes varied from 0 to 662,000 for each video, and the number
of comments ranged from 0 to 18,000. The videos published
by health professionals received the most likes and comments,
whereas the videos uploaded by individual science
communicators received the least likes and comments. Since

their publication, the videos in the overall sample had been
shared a total of 167,473 times. The videos uploaded by health
professionals were shared the most frequently, whereas the
videos created by individual science communicators were shared
the least frequently, as shown in Table 2.

Table 1. Characteristics of the sources of chronic obstructive pulmonary disease–related TikTok videos (N=199).

Videos, n (%)DescriptionSource

Individual users

30 (15.1)Common TikTok usersGeneral users

39 (19.6)Individuals who participate in general scientific communications,
which may include but are not limited to health care domains

Individual science communicators

99 (49.7)Individuals who describe themselves as health professionalsHealth professionals

Organizational users

18 (9.0)Private sector organizationsFor-profit organizations

8 (4.0)Organizations or hospitals operating in the public sectorNonprofit organization

5 (2.5)Organizations providing news servicesNews agencies

Table 2. Characteristics of chronic obstructive pulmonary disease–related TikTok videos, by source

Number of shares,
median (IQR)

Number of
comments, me-
dian (IQR)

Number of likes, medi-
an (IQR)

Video duration (seconds),
median (IQR)

Days on TikTok,
median (IQR)

Source of videos

Organizational users

19 (7-133)17 (7-32)364 (115-4915)59 (37-129)180 (39-297)For-profit organizations

1 (0-8)1 (0-2)24 (14-40)158 (74-206)148 (44-225)Nonprofit organizations

3 (1-3)0 (0-0)12 (1-18)34 (18-51)145 (22-147)News agencies

Individual users

58 (12-334)54 (8-161)1031 (170-3203)57 (49-59)407 (144-490)Health professionals

0 (0-5)0 (0-1)3 (1-11)85 (45-116)303 (147-491)Individual science communi-
cators

1 (0-7)2 (1-5)19 (9-49)40 (15-59)237 (133-394)General users

12 (1-118)7 (1-91)125 (12-1597)57 (43-88)276 (119-478)Overall

Information Quality
The videos covered the six predefined content areas to different
degrees, as shown in Figure 2. The results suggested that more
than half of the videos (122/199, 61.3%) sufficiently addressed
COPD outcomes, whereas only 16 (8.0%) made no mention of
outcomes. The second most frequently introduced area
concerned the signs or symptoms of COPD, with almost half
of the videos (100/199, 50.3%) sufficiently addressing them
and 76 (38.2%) only giving partial mentions. Moreover,
approximately half of the videos only partially mentioned the
topics of COPD evaluation, management, and risk factors. The
least frequently mentioned topic was the definition of COPD;
only 25 videos (12.6%) sufficiently addressed this and 47 videos
(23.6%) did not mention it at all.

We calculated the mean scores for each DISCERN item for the
total sample. The scores ranged from 3.42 to 4.46 (mean 3.75).
The scores of the eight items measuring publication reliability
(items 1-8) varied from 3.42 to 4.46 (mean 3.90). For the seven

items assessing the quality of information on treatment choices
(items 9-15), the scores ranged from 3.45 to 3.69 (mean 3.56).
The remaining item (item 16) measuring overall information
quality achieved a mean of 3.85 out of 5 points. We categorized
the DISCERN items into three sections according to the original
instrument indicated: reliability of the publication, quality of
information on treatment choices, and overall rating of the
publication (see Table 3).

Videos published by nonprofit organizations had the highest
reliability, whereas the videos contributed by general users had
the lowest reliability. The differences in publication reliability
across the six types of video sources were statistically
significant. Regarding the quality of information on treatment
choices, the nonprofit organizations provided the highest-quality
videos, whereas the general users provided the lowest-quality
videos; however, the differences among the various information
sources were only marginally significant. With regard to the
last item concerning overall rating, the highest-quality videos
were created by news agencies and the lowest-quality videos
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were generated by for-profit organizations. The overall rating
of information quality showed significant differences according
to different sources. Overall, the total scores of the entire

DISCERN questionnaire across the different sources exhibited
significant differences (Table 3).

Figure 2. Percentage of videos addressing each chronic obstructive pulmonary disease topic.

Table 3. DISCERN scores of chronic obstructive pulmonary disease–related TikTok videos by source (N=199).

P valueaGeneral users
(n=30)

Science communica-
tors (n=39)

Health professionals
(n=99)

News agen-
cies (n=5)

Nonprofit or-
ganizations
(n=8)

For-profit organiza-
tions (n=18)

Category

.04Publication reliability

3033323434.530.5Median

29.7 (5.8)31.1 (4.4)31.1 (3.7)34.1 (1.4)34.5 (1.31)29.8 (5.9)Mean (SD)

.053Treatment choices

232625.5262824.3Median

23.1 (6.1)25 (4.5)25.3 (4.2)27.3 (3.9)28.1 (2.93)22.8 (5.7)Mean (SD)

.02Overall quality

444444Median

3.6 (0.9)3.9 (0.7)3.8 (0.6)4.4 (0.5)4.2 (0.65)3.4 (0.9)Mean (SD)

.01Total score

576261666760Median

56.5 (11.1)60 (8.9)60.4 (7.3)65.8 (4.5)66.8 (3.8)56 (11.8)Mean (SD)

aP values were calculated with the Kruskal-Wallis H test.
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Discussion

TikTok as a Health Information Source
Recently, video-based social media platforms and apps have
been gaining popularity among patients with chronic conditions
[38]. For example, YouTube has become a prominent platform
for generating and spreading health-related videos, covering
topics related to chronic disease management, including disease
prevention, diagnosis, and treatment [39]. Although some recent
evidence indicates that TikTok has had vast communication
potential during the COVID-19 pandemic [40], the role of
TikTok in disseminating chronic disease information remains
unclear.

Our results suggest that TikTok could be a promising channel
for disseminating COPD information. The 199 videos surveyed
in our study have received approximately 1.7 million likes and
176,000 comments since they were published. Given that most
of the videos were published within 1 year, the numbers of likes
and comments are relatively high. Therefore, we suggest that
health care professionals and institutions leverage short-video
apps (eg, TikTok) to improve patient education and health
communication.

Information Quality
To the best of our knowledge, the quality of online information
about COPD is understudied. Specifically in regard to
short-video apps, the information quality of COPD videos
remains unclear. As one of the earliest studies to tackle this
problem, this study yielded results suggesting that the general
information quality of COPD videos on TikTok is relatively
satisfactory. Although there is a concern that TikTok may
differentiate itself from other social media by targeting quirky
videos rather than serious professional content [30], our results
indicate that the quality of health information found on TikTok,
particularly that related to COPD, is acceptable. These results
are consistent with a recent survey of coronavirus-related videos
on TikTok, which found that the information provided in these
videos was generally credible, containing merely 4.3%
misinformation [41].

Our findings show that the COPD videos on TikTok more or
less touched on all of the preidentified COPD-related content.
More than half of the videos sufficiently described the outcomes
and the signs and symptoms, and partially addressed the topics
of evaluation, risk factors, and management. However, few
videos offered definitions of COPD. A possible explanation for
this is that TikTok videos are created for a target audience of
laypeople. Therefore, introducing aspects of disease
management is more important than discussing academic
definitions of COPD.

Sources of COPD-Related Videos on TikTok
This study reveals that both individual users and organizational
users are engaged in creating COPD videos on TikTok. We
identified three specific subcategories for each of these two
general categories of sources (ie, individual users and
organizational users). Individual users included health
professionals, general TikTok users, and individual science
communicators. We found that many health professionals were

active in communicating COPD knowledge; they contributed
almost half of the videos in our sample. Organizational
communicators of health information included nonprofit
organizations, for-profit organizations, and news agencies.
Recently, some researchers have suggested that video-based
social media such as TikTok are playing increasingly important
roles in providing general health information sought or
encountered by consumers [40,41]; therefore, health experts
and traditional institutions should harness and leverage social
media platforms and apps to better disseminate health
information and medical knowledge to the public [41,42]. In
general, the findings of this study indicate that health
professionals and reputable organizations are actively engaged
in communicating health information on TikTok.

In addition, the results suggest that the information quality of
COPD videos on TikTok varies according to the source. The
videos published by nonprofit organizations had the highest
average score for the reliability of publications, while the videos
created by general TikTok users had the lowest average score;
the differences were statistically significant. The nonprofit
organizations and general TikTok users earned the highest and
lowest average scores for the quality of information on treatment
choices, respectively, although the differences were only
marginally significant. For the overall rating of information
quality, the news agencies contributed content of significantly
higher quality than that of other sources. All of these results are
consistent with prior studies in YouTube settings, where
organizational users were found to create videos of significantly
higher quality than those of individual users [20,37].

Communication performance varied among the sources. In our
sample, the videos published by health professionals received
the most likes and comments, and were most frequently shared
by users. The videos created by individual science
communicators received the least likes and comments and were
least likely to be shared by users. Interestingly, despite the
significant differences in communication performance, we found
that the two sources had comparable levels of objective
information quality, as assessed by the DISCERN instrument.
Prior information credibility studies suggest that credibility
depends on the perception of the information recipient, which
may not necessarily reflect the objective quality of the
information [25,43], and users’ credibility perception predicts
whether or not they will adopt and share health information on
social media [44]. The discrepancy between information quality
and communication performance may partially confirm such
findings. We suspect that health professionals convey a higher
level of expertise and thus generate greater credibility, whereas
general science communicators convey low expertise in
medicine when they upload videos with wide topic coverage
extending beyond the medical domain. We call for future
research to investigate the discrepancies between the actual
quality of health information and users’ credibility perception.

Limitations and Future Research
This study has some limitations. First, we employed only the
DISCERN instrument, which was chosen because it has worked
well in prior studies that assessed the quality of information in
health-related videos. However, there are other instruments
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available, such as the JAMA (Journal of the American Medical
Association) benchmarks and the HONcode, and future research
could expand these investigations by using different instruments.
Second, this study only assessed the information quality of
Chinese COPD videos. Although the locality did not impact the
overall results, the conclusions may not necessarily be
generalizable to COPD videos in other languages; therefore,
we call for more cross-language comparative studies in the
future.

Conclusion
This study investigated the information quality of COPD videos
on the world’s largest short-video app, TikTok, employing the

DISCERN instrument. The results show that both organizational
and individual users generate COPD-related content. The overall
information quality of the COPD-related videos in the sample
was satisfactory, although the quality varied across the different
video sources and specific quality dimensions. The results
suggest that patients should remain cautious and selective when
watching COPD videos on TikTok. Videos from identifiable
sources (eg, nonprofit organizations) are much more strongly
recommended than those from other nonverified sources. Based
on the limitations of this study, we have proposed several
directions for future research.
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Abstract

Background: Health care organizations are tasked with providing web-based health resources and information. Usability refers
to the ease of user experience on a website. In this study, we conducted a usability analysis of academic medical centers in the
United States, which, to the best of our knowledge, has not been previously carried out.

Objective: The primary aims of the study were to the following: (1) adapt a preexisting usability scoring methodology to
academic medical centers; (2) apply and test this methodology on a sample set of academic medical center websites; and (3) make
recommendations from these results on potential areas of improvements for our sample of academic medical center websites.

Methods: All website usability testing took place from June 1, 2020, to December 15, 2020. We replicated a methodology
developed in previous literature and applied it to academic medical centers. Our sample included 73 US academic medical centers.
Usability was split into four broad categories: accessibility (the ability of those with low levels of computer literacy to access
and navigate the hospital’s website); marketing (the ability of websites to be found through search engines and the relevance of
descriptions to the links provided); content quality (grammar, frequency of information updates, material relevancy, and readability);
and technology (download speed, quality of the programming code, and website infrastructure). Using these tools, we scored
each website in each category. The composite of key factors in each category contributed to an overall “general usability” score
for each website. An overall score was then calculated by applying a weighted percentage across all factors and was used for the
final “overall usability” ranking.

Results: The category with the highest average score was technology, with a 0.82 (SD 0.068, SE 0.008). The lowest-performing
category was content quality, with an average of 0.22 (SD 0.069, SE 0.008). As these numbers reflect weighted percentages as
an integer, the higher the score, the greater the overall usability in that category.

Conclusions: Our data suggest that technology, on average, was the highest-scored variable among academic medical center
websites. Because website functionality is essential to a user’s experience, it is justified that academic medical centers invest in
optimal website performance. The overall lowest-scored variable was content quality. A potential reason for this may be that
academic medical center websites are usually larger in size, making it difficult to monitor the increased quantity of content. An
easy way to improve this variable is to conduct more frequent website audits to assess readability, grammar, and relevance.
Marketing is another area in which these organizations have potential for improvement. Our recommendation is that organizations
utilize search engine optimization techniques to improve their online visibility and discoverability.

(J Med Internet Res 2021;23(12):e27750)   doi:10.2196/27750
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Introduction

Background
A medical center’s website is often the first point of contact
with the public; its initial impact is responsible for returning
users and attracting new visitors [1,2]. It has the potential to be
the first step in improving patient satisfaction as well as
attracting new patients [3]. In a time when information is
expected to be readily available, medical centers use their
websites as a key tool for both patient communication and
education [4-6]. The users expect to find current and reliable
information on websites that are easily accessible in order to
make health-related decisions [7]. With many sources available
(eg, WebMD), medical centers are looking to improve their
internet presence to better engage with potential consumers [3].

Website Usability
Improving website usability is a noteworthy way in which
medical centers can improve their internet presence to attract
and retain more users and thus reach a larger audience with
accurate and reliable information. Usability goes beyond
surface-level design [8] but refers broadly to a product’s “user
experience,” such as ease of navigation or encountered problems
within a website [9]. It addresses the question of how easy or
pleasing a website is to use (which can influence how many
users engage with it), the level of engagement, and a website’s
ability to achieve other objectives. When users are not able to
easily access and use a website, they are unlikely to continue
using that given source. Alternatively, improved usability can
enhance the reach of a website. For this reason, websites are
facing the increasing need to conform to user expectations,
desires, and requirements [10,11]. Various industries have
established standardized guidelines for accessibility, content,
marketing, and technology in order to improve usability [12-14].

Usability for Academic Medical Centers
Studies have sought to apply usability analyses to e-commerce,
e-government, mobile news apps, and library websites [15-18].
In health care, other studies have looked at usability for
hospitals, children’s hospitals, digital health centers, residencies,
and cancer center websites [3,19-21]. However, to our
knowledge, no studies of usability have been conducted

exclusively on academic medical centers in the United States,
which included all websites falling under the academic medical
centers’ domain. Academic medical centers are the intersection
of health professional schools, patient care, and academic
research. Since an academic medical center comprises numerous
institutions that function on their own part to be a part of a
greater whole, they play a key role in the advancement of
medical care [22]. Web presence is the way in which an
academic medical center can demonstrate its advancements in
their health professional schools, patient care, and academic
research. It is important for these organizations to utilize
usability metrics to not only improve user experience, but to
represent themselves well as leaders in innovation.

Objectives
The primary aims of the study were to adapt a usability scoring
methodology to academic medical centers; to apply and test
this methodology on a sample set of digital health center
websites; and to make recommendations from these results on
potential areas of improvements for our sample of academic
medical center websites.

Methods

Sample Selection
Our focus was on academic health centers in the United States.
Indexing every academic medical center in the United States
was not in the scope of our review; rather, this study focused
on 74 academic medical centers listed on the members page of
the Association of Academic Health Centers (AAHC) [23]. A
link was provided for each of the academic medical centers
listed, and the links were used to navigate to the appropriate
academic medical center’s page. Some of the links navigated
to the affiliated university’s website; therefore, terms such as
“patient care,” “health,” “healthcare,” “clinics,” “university
health,” and “hospitals,” were used to find the appropriate
academic medical center’s main webpage. One link was
removed from analysis, the University of California System, as
this link provided a list of academic medical centers in
California that were already included in the current analysis.
This provided a total of 73 academic medical centers that were
used for usability testing (Figure 1).
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Figure 1. Sample selection criteria for academic medical center websites.

Overview
All website usability testing took place from June 1, 2020, to
December 15, 2020. We began by adapting a methodology
developed in previous health care website ranking literature
[3,19,24]. We kept the weighted percentages from the previous
studies and applied specific formulas to those calculated
percentages to create a relative scale for comparing usability
scoring (Multimedia Appendix 1). Of note, the previous
methodology used a consistent scoring system that used the
relative maximum as the reference point of 1 so that every
usability test fell between 0 and 1 [24]. However, we found that
one of these tests did not follow this format, so our methodology
improved the previous testing and applied the same reference
range to the values.

Usability was sorted into the following four broad categories
in order to ensure quantifiable, objective, and actionable
recommendations for the websites: (1) accessibility: the ability
of those with low levels of computer literacy to access and
navigate the hospital’s website; (2) marketing: the ability of
websites to be found through search engines and the relevance
of descriptions to the links provided; (3) content quality:
grammar, frequency of information updates, material relevancy,
and readability; and (4) technology: download speed, quality
of the programming code, and website infrastructure [3,19].

Each of these categories represents areas of usability in which
academic medical centers can communicate more effectively
with their audiences. The factors that contribute to each category
were originally discussed by Huerta et al [3]. To add to the
comprehensive nature of this study, we further defined these
categories by utilizing support tools that bolster the credibility
and reproducibility of the results of this analysis. These tools
were chosen based on their ability to address each of the
individual factors in the category criteria and their availability
for public ease of use and implementation.

Analysis
All of the websites were analyzed using a set of established
usability tools. These tools were chosen based on their ability
to specifically assess the individual factors selected. The tools
were also chosen based on their ability to meet industry
standards for evaluating the selected factor and for their relative
ease of use. The process for utilizing each tool was based on
the tool’s specific instruction manual. The authors
collaboratively ensured the proper use of each tool and the
proper value to be recorded. There were 2 researchers who
collected data, and each underwent specific training on utilizing
the suite of analytic tools and data entry. Questions and
discrepancies were addressed by the project supervisor as they
arose. Factors such as speed, which can vary from second to
second, were averaged across 2 separate tools to provide the
most accurate values possible. Overall, all the tools were run
on a total of 2 computers to minimize as many outlying
technology errors as possible. The selected tools can be viewed
in Multimedia Appendix 1.

We began building a database of the top-level URLs associated
with each website in our data set. The web crawler processes
the URL and creates a topographical map of the website,
including all its subpages. For instance, a top-level domain,
corresponding to a website’s home page, may be associated
with the URL “www.healthcare.org.” A subpage of this center
might be a page on the team members and associated with the
URL “www.healthcare.org/team.” There may be other subpages
for specific topics such as the emergency medicine department,
the pediatric department, and so forth. Once the web crawler
has created a topographical map of a website, that website can
then be analyzed for page errors, amount of page content,
metadata (ie, titles, keywords, and descriptions), or other
preprogrammed factors [25].

Using these usability tools, we scored each website on the four
previously mentioned categories. The composite of key factors
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in each of those categories contributed to an overall “general
usability” score for each website. Lastly, an overall score was
calculated by applying a weighted percentage across all factors
and used for the final ranking system.

Below, we will describe each of the categories we evaluated
and their contributed significance.

Accessibility
Accessibility is a category that refers to how well a website
engages a broad audience with varied levels of technical ability,
literacy, and disability. This category includes the following
components: meta description, functionality, readability, and
the overall layout of the website. A meta description refers to
the “snippet” page summary presented in a search engine result.
Functionality refers to a website’s ability to provide content
that appeals to a broad range of literacy levels. Functionality
also includes features that allow users to access different parts
of a website. It is estimated that 43% of American adults have
basic or below-basic literacy levels [26]. The usability of
assistive technologies such as screen readers and magnifiers for
websites is also assessed by the accessibility category [27]. In
this study, we utilized tools that apply algorithmic scales to rank
website reading difficulty and to determine the grade level
required to comprehend a website’s content.

Content Quality
The content quality category refers to our assessment of the
attributes of the content on a website. This can include the
relevancy of the written information to that particular point in
time on a specific topic, generated metadata, and the use of the
website’s multimedia for imagery. For instance, a website
dedicated to supplying information on current closed-loop
insulin pumps for patients with diabetes may be evaluated on
its ability to provide relevant, fact-driven answers to questions
that people are seeking answers for (ie, relative costs, ease of
use, etc). The multimedia on a website may also be evaluated
for issues such as quality (eg resolution) and the available
metadata function to add support to the composed content.
Content quality also includes written text and may evaluate
grammar and spelling.

Marketing
The marketing category refers to our assessment of the
discoverability of a website, with a particular emphasis on its
search engine results pages (SERP), which refers to the websites
presented to users when they search for something online using
a search engine such as Google. Higher placement in search
results can lead to greater visibility, and SERPs are considered
by some to be one of the most important elements of digital
marketing. The field of search engine optimization (SEO) deals
with optimizing a website to place better in SERPs, and
effectively implementing SEO may allow health care websites
to uphold a corporate image as industry leaders [28]. However,
technical SEO auditing, specifically, was beyond the scope of
this study.

Technology
The technology category refers to our assessment of the
technical functionality of a website, as opposed to its content.
It evaluates the quality of a website’s technology and
technological design and performance, including its front-end
design and user experience as well as back-end coding
infrastructure and server management. The front end is what
the users of the site view when browsing a website. It also
involves the analysis of HTML elements to ensure that the user
has an easily navigated layout and that the site can be scalable
across devices (ie, computers, mobile phones, and tablets). The
back end involves the programming code upon which the
website runs. This code and other website components, such as
its databases, are stored on servers, which functionally allow
people to view websites from their own devices. The servers
also affect the speed of the site (eg, how quickly it loads for
users), which can play a crucial role in gaining and maintaining
users and followers. For instance, a previous study conducted
by Google [29] showed that a website that takes longer than 3
seconds to load on a mobile device will lose approximately 53%
of its users; problematically, that same study revealed that the
average mobile website speed is upwards of 18 seconds.

General Usability
This was a composite of all the metrics from the prior four
categories. This category aims to answer the question, “How
good is my website?” This metric may serve as a starting point
for health care organizations to perform an initial audit of their
website to look for areas of improvement.

Overall Usability
An overall usability rank order calculation was included to
create a comprehensive evaluation of all major and minor factors
across all of the five aforementioned categories. From there,
we assigned a percentage weight to create an all-inclusive
usability ranking system.

Results

Scores were assigned to all (N=73) academic medical centers
found on the AAHC members list [23].

The category with the highest average score was technology,
with 0.82 (SD 0.068, SE 0.008). Accessibility was the second
highest scoring subcategory, with an average score of 0.77 (SD
0.059, SE 0.007). The third highest scoring subcategory was
marketing with an average score of 0.43 (SD 0.066, SE 0.008).
The lowest performing category was content quality, with an
average of 0.22 (SD 0.070, SE 0.008). The summary statistics
across all five categories are presented in Table 1, and a
description of the usability tools used in each of the categories
can be found in Multimedia Appendix 1.

The overall rankings for the 73 assessed domains for all
categories are reported in Multimedia Appendix 2.
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Table 1. Academic medical center websites: summary statistics from usability analysis.

MaximumMinimumSDMean (SE)Category

0.860.580.0590.77 (0.007)Accessibility

0.500.090.0690.22 (0.008)Content quality

0.630.260.0660.43 (0.008)Marketing

0.970.660.0680.82 (0.008)Technology

0.710.480.0470.62 (0.005)General usability

The top leaders across all usability ranking categories are as
follows: (1) accessibility—Duke University; (2) content
quality—University of Pittsburgh; (3) marketing—University
of Southern California; (4) technology—Rosalind Franklin
University of Medicine and Science; and (5) general
usability—University of Southern California. The
top-performing website in terms of overall usability was that
of the University of Southern California.

Discussion

Comparison With Prior Work
This study assessed academic medical center websites utilizing
the methodology outlined by Calvano et al [24] in a publication
that ranked usability of digital health care center websites.
Previous studies enabled Calvano et al to assess website usability
trends including that of hospitals, digital health centers, and
children’s hospitals [3,19,24]. In previous studies, content
quality was the highest scoring category. This was postulated
to reflect the health care industry’s emphasis on providing
adequate information for website users. However, investment
in content quality is accompanied by a lower investment in other
usability categories.

Another major trend in previous studies was that the technology
category was the lowest scoring category [3,20,21,24].
Interestingly, when these study methods were applied to
academic medical center websites, we found the opposite.
Technology was the highest scoring category, and content
quality was the lowest. One possible explanation for this is that
the significant amount of time elapsed between the studies
enabled website technology to be updated. In addition, compared
with community hospitals and digital health centers, academic
medical centers are larger institutions with more financial capital
to invest in website functionality. Academic medical centers
also have more expansive websites, which may cause difficulty
in monitoring the quality of the large amount of content
produced.

With reference to academic medical centers, we assert that an
increased level of importance should be placed on monitoring
content quality, thereby ensuring a higher standard of
information presented to the general public. As medical
advancements continue to become more complex and patients
become more comfortable with technology use, a larger number
of individuals will turn to the internet for assistance in
understanding key medical concepts. Therefore, it is of utmost
importance that academic medical centers realize their vital role
in providing targeted and relevant content for their website
users. This includes providing germane, concise answers to

common medical questions people may be searching for to
obtain new users and maintain the existing ones.

Another difference between previous studies and our findings
involved the accessibility category. In the assessment of
children’s hospital websites, previous studies found accessibility
to be the lowest scoring category [19]. However, we found
accessibility to be the second highest scoring category. One
possible explanation for this might be that academic medical
centers better understand the importance of creating content
that is built at the proper literacy levels and technical complexity
to ensure ease of access for a broad audience. Academic medical
centers tend to serve as leaders in the medical community and
are often sought for guidance by the general public in areas of
medical concern, such as the current COVID-19 pandemic.
With this in mind, academic medical centers may understand
the importance of creating content that is easily comprehended
by a range of website users.

Marketing scores were noted to be lower than originally
anticipated [19]. Pertaining to health care, marketing is
important to ensure users can easily locate an organization’s
website within search engine results. It is imperative that
academic medical centers employ search engine optimization
techniques to enable improved public visibility of their
information compared to less authoritative sources.

A specific goal of this research is to promote standardization
of website analysis across the health care industry, as it has been
neglected previously despite being an important facet of other
sectors [12-14]. Recent technological advancements have driven
down costs in medicine and increased quality of care [22].
Usability analysis is an important element in this process and
enables health care organizations to improve their website
presence. With the heightened awareness of technology’s
importance in health care due to the COVID-19 pandemic, the
web presence of academic medical centers is even more essential
to ensuring the proper dissemination of health information.

Limitations
This study has several limitations. Not all of the social media
accounts were directly accessible from the website, making
them more difficult to find through Twitter and Facebook’s
respective search engines. In most cases, an affiliated Facebook
or Twitter page was found. A total of 5 academic medical
centers were not associated with a Twitter page, and a total of
2 academic medical centers were not associated with either a
Facebook or Twitter page. For the academic medical centers
that did not have affiliated Facebook or Twitter pages, this either
was because one had not been created for the institution or
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because a link was not provided on their webpage and was not
able to be found using the social media’s search function.

Assessments of a website’s speed can vary depending on the
time of the day or the day of data collection. This could be due
to changes to the website’s servers, internet connectivity, or
computer hardware. To minimize sampling bias, the same
computer on the same network was used when measuring
parameters such as website speed.

All of this information was collected over the course of several
months; therefore, some measures may have changed since
initial evaluation.

The AAHC provides their own definition of an academic
medical center, which includes three main components: “...an
allopathic or osteopathic medical school; one or more other
health profession schools or programs…, and one or more
owned or affiliated teaching hospitals or health systems” [30].
In accordance with the definition of an academic medical center
provided by the AAHC, a clinic webpage would not be
considered an academic medical center. However, for
consistency of using the full sample of academic medical centers
provided on the AACH website, we decided to use clinic
webpages for usability analysis if no other institution could be
found that better met the definition of an academic medical
center. In total, 4 clinic pages were used in the analysis. For
example, in the case of Des Moines University’s Osteopathic
Medical Center, only the university's clinic page was able to be
found via their webpage; therefore, this was the link that was
used in the usability analysis.

Our data set was much larger than that of previous studies
[21,24] because we analyzed entire institution websites; many
of which had between 500,000 and over 1 million URLs. The
websites were cut off at 750,000 URLs during web crawling as
this was felt to be a sufficient sample size without running into
RAM limitations.

Conclusion
As an increasing number of individuals look to the internet for
medical information, responsibility will be placed on academic
medical centers to maintain high quality websites, given their
status as respected sources of current medical information and
research. This study offers an analysis of the overall need for
improvement in website usability by academic medical centers.
The average general usability score was 0.62, showing the
necessity for improving usability measures. Academic medical
centers may benefit from taking steps to improve various
components of their websites in order to reach their audiences.
A suggested step is for these organizations to perform periodic
usability audits of their websites to identify areas for
improvement. Several of these institutions have significant room
for improvement of their overall usability, specifically with
content quality and marketing, the lowest scoring categories in
this analysis. Using content audit tools, institutions can gather
data regarding their webpage content and improve upon several
factors, including ensuring every webpage has a title of
appropriate length, that every webpage has an H1 heading, and
that the meta descriptions on the page are concise. Content
audits of webpages should be focused on improving the quality
of information presented by enhancing aspects such as
navigability. Navigability of information can be improved upon
by fixing broken web links that are cited on the website, adding
alternative text to images, and correctly utilizing keywords on
the pages. In terms of marketing, we also recommend confirming
that Facebook pages and other social media links are highly
visible on home screens. In addition, we recommend ensuring
that there is enough content on those social media pages. These
and other webpage improvements will lead to the enhanced
usability of the webpages for patients and academicians alike,
thereby furthering the quality of health care information
available online.
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Abstract

Background: Although the COVID-19 pandemic has significantly boosted the implementation of digital services worldwide,
it has become increasingly important to understand how these solutions are integrated into professionals’ routine work. Professionals
who are using the services are key influencers in the success of implementations. To ensure successful implementations, it is
important to understand the multiprofessional perspective, especially because implementations are likely to increase even more.

Objective: The aim of this study is to examine health and social care professionals’experiences of digital service implementations
and to identify factors that support successful implementations and should be considered in the future to ensure that the services
are integrated into professionals’ routine work.

Methods: A qualitative approach was used, in which 8 focus group interviews were conducted with 30 health and social care
professionals from 4 different health centers in Finland. Data were analyzed using qualitative content analysis. The resulting
categories were organized under the components of normalization process theory.

Results: Our results suggested 14 practices that should be considered when implementing new digital services into routine
work. To get professionals to understand and make sense of the new service, (1) the communication related to the implementation
should be comprehensive and continuous and (2) the implementation process should be consistent. (3) A justification for the
service being implemented should also be given. The best way to engage the professionals with the service is (4) to give them
opportunities to influence and (5) to make sure that they have a positive attitude toward the service. To enact the new service into
professionals’ routine work, it is important that (6) the organization take a supportive approach by providing support from several
easy and efficient sources. The professionals should also have (7) enough time to become familiar with the service, and they
should have (8) enough know-how about the service. The training should be (9) targeted individually according to skills and work
tasks, and (10) it should be diverse. The impact of the implementation on the professionals’work should be evaluated. The service
(11) should be easy to use, and (12) usage monitoring should happen. An opportunity (13) to give feedback on the service should
also be offered. Moreover, (14) the service should support professionals’ work tasks.

Conclusions: We introduce 14 practices for organizations and service providers on how to ensure sustainable implementation
of new digital services and the smooth integration into routine work. It is important to pay more attention to comprehensive and
continuing communication. Organizations should conduct a competence assessment before training in order to ensure proper
alignment. Follow-ups to the implementation process should be performed to guarantee sustainability of the service. Our findings
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from a forerunner country of digitalization can be useful for countries that are beginning their service digitalization or further
developing their digital services.

(J Med Internet Res 2021;23(12):e31668)   doi:10.2196/31668

KEYWORDS

digital services; implementation; health and social care professionals; integration; normalization process theory; interview; social
work; health care; focus groups

Introduction

Background
The number of new digital services has been rapidly growing
in the health care setting in recent years. Moreover, the
COVID-19 pandemic has significantly boosted the
implementation of digital services with unprecedented speed
and influence [1,2]. The pandemic has also taken the usefulness
and potentials of digital services to a whole new level. In doing
so, it has also provided an opportunity to add these services to
health care systems in the long term [3]. However, despite the
pandemic having recently favored the transition to digital
solutions [4], digitalization in health care has been slow and
complicated, even though major investments have been made
[5].

Implementations of digital services tend to fail more often in
the health care setting than in other settings because the
environment is complex, and therefore the integration into
practice is difficult and slow [6-8]. Failure to implement may
even lead to a reduction in quality, safety, and efficiency in care
[9]. According to the World Health Organization (WHO),
guidance for digital health, research, and assessment of the
impact of digital service implementations on health care are
essential [4]. It is important to identify barriers and success
factors when implementing new digital services [10].

A recent systematic review provided a list of barriers and
success factors for the implementation of digital services from
the organizational point of view [11]. The most mentioned
barrier was limited knowledge of the service, and the most
mentioned success factor was the services’ ease of use.
Resistance from professionals is a major problem for
organizations, and therefore it is important to understand their
point of view [12]. Health and social care professionals are key
influencers in the implementation [13-15] because their attitudes
and behaviors influence patients’ capacity to use services and
their trust in the services [15,16].

Previous findings show that implementation should include
users’ participation at different implementation phases, using
champions or other key staff, providing sufficient training and
support, and monitoring the use of the system at the early stages
of implementation [13,15,17-19]. However, these studies have
mainly focused on examining implementation in certain groups
of professionals [11,20] or a single digital service in a particular
environment [21-25]. There are relatively few recent studies
about health and social care professionals' experiences of the
implementation of the digital services from a multiprofessional
perspective, especially now when the number of

implementations has grown and different professional groups
have more practical experience about the implementations.

Moreover, now when the COVID-19 pandemic has further
accelerated the adoption of the implementations, it is
increasingly important to understand how these solutions are
integrated into routine work [4]. Digital services are used for
varying tasks and purposes, and creating a current overview of
the experiences of professionals over a wide range of digital
service implementations rather than focusing on 1 specific
implementation would be of benefit. In addition, because
Finland is the leading country for the third year in a row in
digitalization according to the International Digital Economy
and Society Index (I-DESI) [26], perceptions from Finnish
professionals about the implementations can provide valuable
information for many organizations that are further developing
their digital services and systems.

Objectives
The aim of this study is to examine health and social care
professionals’ experiences of digital service implementations
and to identify factors that support successful implementations
and should be considered in the future to secure that the services
are integrated into professionals’ routine work. Normalization
process theory (NPT) was used as an analytic framework [27].
This enables an understanding of how digital services can be
normalized into professionals’ routine work and workflow.

Methods

Design and Settings
A qualitative descriptive design with group interviews was used.
The design was chosen because it allows information to be
collected directly from those who are experiencing the
phenomenon under investigation, as in this study from health
and social care professionals [28]. We sought to examine health
and social care professionals’ experiences with successful
implementations by asking them to share hindering and
facilitating factors and what should be considered to achieve a
successful implementation in routine work. This study followed
the Consolidated Criteria for Reporting Qualitative Research
(COREQ) guidelines [29].

The interviews were conducted at 4 different health centers
located in different parts of Finland. These health centers were
selected because they were forerunners in digitalization as they
had adopted new ways of working and operating digitally before
and during the COVID-19 pandemic. Each of these health
centers were either pilots or pioneers in the implementation of
various digital services (eg, digital symptom questionnaires,
self-management instructions, and remote health care
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appointments). More examples of the level of each health
center’s digitalization and the services it provides can be found
in Multimedia Appendix 1.

In Finland, health care services are divided into primary health
care and specialized medical care. Municipalities (local
governments) operate health centers, which represent citizens’
first points of contact in public health care. Health centers
provide a wide scope of primary health care services, such as
general practice outpatient care, maternity and child health
clinics, health promotion, oral health care, medical rehabilitation,
home nursing, and laboratory and basic imaging services, as
well as community hospital care. In some health centers, services
may also include some specialized care, such as mental health
and substance abuse services [30].

Participants
The participants were health and social care professionals
(N=30) working in 4 health centers (Table 1). They were
purposely selected by asking clinic managers to recruit
volunteers. The inclusion criteria were that the participants had
to be health and social care professionals who did client work
at health centers that have implemented digital services into
their work, and therefore they had recent experience with digital
service implementations. Those professionals who had indicated
their willingness to participate were contacted via email with
information about the study and were asked their willingness
to participate in the interviews. All participants provided written
informed consent.

Table 1. Demographic characteristics of interviewed professionals (N=30).

Value, n (%)Category and variables

User group

8 (27)Registered nurses

5 (17)Public health nurses

7 (23)Practical nurses

5 (17)Physicians

3 (10)Social workers

1 (3)Social counselor

1 (3)Digital counselor

Gender

3 (10)Male

27 (90)Female

Age (years)

5 (17)<30

11 (36)30-40

10 (33)41-50

4 (14)51-60

Career in this organization (years)a

1 (3)<1

15 (50)1-5

3 (10)5-10

5 (17)10-20

3 (10)≥20

Career in total (years)a

1 (3)<1

7 (23)1-5

6 (20)5-10

6 (20)10-20

5 (17)≥20

aNot all of the participants answered this question.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e31668 | p.1096https://www.jmir.org/2021/12/e31668
(page number not for citation purposes)

Nadav et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Data Collection
The data were collected with 8 semistructured focus group
interviews. The focus group interview method is often used as
a qualitative approach when the aim is to obtain data from a
purposely selected group of individuals [31], for example,
multiprofessional groups such as those in our study. We
conducted 2 interviews in each organization. In each focus
group, there were 4-6 participants from different professional
groups, including physicians, registered nurses, public health
nurses, practical nurses, social workers, social counselors, and
digital counselors (Table 1). Five of the interviews were
conducted face to face, but because the COVID-19 pandemic
got worse in Finland, the rest of the interviews were conducted
remotely using the Microsoft Teams application. The interviews
were performed by 3 interviewers (authors JN, A-MK, and EL)
from a research team with previous experience in conducting
qualitative interview studies and experiences with digital service
implementations.

The questions in the interview guide were based on the literature
[11,15,17,18] and defined in collaboration with the research
team (Multimedia Appendix 2). The interview guide included
questions about the professionals’ experiences with digital
service implementations, such as which factors facilitated or
hindered the implementations and what kind of suggestions the
professionals had for future implementations to ensure that
services integrate into routine work. Demographic questions
related to age, gender, education, and working years in the
current organization and total years of working.

The questions in the interview guide were tested in a pilot
interview with 1 health care professional by using the Microsoft
Teams application. In addition, participants in the first focus
group were asked to rate the understandability and relevance
of the questions. No changes were required to the interview
guide, so the pilot interview was included in the study with the
consent of the interviewees. With the permission of the
participants, the interviews were recorded and then transcribed
by a transcription company. The transcribed text was generated
on 168 pages with a line spacing of 1.15, 11-point font, and the
font style Verdana. The duration of the interviews ranged from
41 to 79 min, and the total duration of all the interviews was
501 min.

Data Analysis
We discussed the data saturation after the sixth focus group
[32], recognizing that responses began to replicate one another

and professionals had similar types of experiences with the
implementation. The data were analyzed by using content
analysis with an inductive-deductive approach [33]. First, 1
researcher (JN) read all the transcribed interviews a couple of
times to form a preliminary image of the data. Then, all the
expressions that responded to the aim of the study were extracted
from the text and formed into codes (n=224) using ATLAS.ti
software (ATLAS.ti Scientific Software Development GmbH).
The codes were reductions of professionals’ thoughts.
Subcategories were then formed by grouping codes with similar
content, which were then formed into upper categories. At this
point, 2 other researchers (authors A-MK and SK) looked at the
coding and the formed subcategories and upper categories, and
discussions were held to reach an agreement on the content and
names. The deductive method was then followed, in which the
upper categories were divided into 4 different components
according to the NPT framework (Figure 1).

We chose the NPT framework because it is a commonly used
framework in implementation studies describing how new
technologies and other complex interventions are normalized
into routine work in health care settings [34]. It is an action
theory, which means that it is concerned with explaining what
people do rather than their attitudes or beliefs. Thus, it allowed
us to understand the key actions that either promote or inhibit
the implementation and integration of the services into
professionals’ routine work [35]. Moreover, we chose this theory
for our study because it can be used to describe and judge the
potential of the implementation, but it also has the ability to
design and improve complex interventions [27]. We used all 4
of the NPT’s components to obtain an overview of the
implementations, contrary to previous studies, which mainly
focused on just some of the components [36].

The first component (coherence) seeks to explain how the new
service changes work and what are the aims and benefits of the
service [27]. The second component (cognitive participation)
focuses upon the work undertaken to engage people using the
service and get them to buy into it [36]. The third component
(collective action) refers to work that enables the implementation
to happen [36]. It requires the organization to be supportive and
people to have the necessary skills and training to perform the
tasks associated with the digital services [27]. The fourth
component (reflexive monitoring) includes questions such as
whether people try to change the practice to fit their work, how
they value the new digital services, and what effects the service
has on peoples’ work [27].
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Figure 1. An example of the development of the content analysis process.

Ethics Statements
The Research Ethics Committee approval
(THL/2304/6.02.01/2020) was applied for ethical support from
the Finnish Institute for Health and Welfare. The data collected
in the study were treated confidentially, and the results are
reported in a way that does not identify an individual respondent.

Results

Major Findings
We identified 14 practices that, based on the experiences of the
professionals, support successful implementation. A detailed
description of how the different practices are distributed under
the components of the NPT is given in Table 2. The quotation
abbreviation meanings are as follows: I=interview and
P=participant.
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Table 2. Good practices when implementing digital services based on NPTa components (n=224).

Mentionsc, n (%)NPT component and good practicesb

Coherence (sense-making work): how professionals understand and make sense of the new service (n=38, 17%)

28 (13)Communication is comprehensive and continuous:

• The information is multichannel
• The service presentation reaches everyone.
• The service has been informed

7 (3)The implementation process is consistent:

• The implementation process needs to be clear

• There is enough time to get ready for the implementation

3 (1)The use of the service is justified:

• The reasons for using the service are given

Cognitive participation (relational work): how professionals engage and participate in the service (n=20, 9%)

15 (7)Opportunities for influence have been given:

• Professionals are able to be involved in the design phase
• Professionals are provided opportunities for participation
• The design is from the perspective of the professionals’ own work needs

5 (2)The attitude toward the service is positive:

• Previous positive experiences toward eHealth implementations occur
• Professionals show interest in the service
• Professionals accept the need for the implementation

Collective action (enacting work): the work that individuals (professionals) and organizations have to do to enact the new service (n=136,
60%)

39 (17)Support is provided from several fast and efficient sources:

• Support is given
• The support model is clear
• Support is close and easily accessible
• Support is given by champions
• Support is received from the work community itself
• Faster/more efficient sources of support are needed

36 (16)Sufficient time is provided for familiarization with the service:

• Time is provided for familiarization with the service
• Independent information retrieval and usage learning are required
• The service must be learned alongside the work
• A demo version is needed to practice before deployment

31 (14)Enough knowledge of the service is provided:

• Coworkers teach each other with sufficient skills
• There are no shortcomings in basic technical skills
• There is a need for nonstop training
• Sufficient and clear information about the use of the service to support its use is provided
• Training is systematically planned

18 (8)The training is targeted according to work tasks and competence:

• There is a need for a competence survey
• Training is targeted according to professionals’ work tasks
• Training is targeted according to professionals’ skill level/needs

12 (5)Various teaching methods are provided:

• Versatile teaching methods are available
• Good and clear written instructions are provided
• Video training is needed to support learning

Reflexive monitoring (appraisal work): how professionals reflect on or appraise the effects of the services (n=30, 13%)
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Mentionsc, n (%)NPT component and good practicesb

12 (5)The service is easy to use:

• The assumed heavy usability of the program prevents successful deployment
• Experiences with poor usability affect introducing new programs
• The service is easy to use
• The service has no functional weaknesses

9 (4)Usage monitoring takes place:

• There is continuity of deployment monitoring and evaluation

5 (2)Giving feedback on the service is possible:

• The feedback channel is known
• Sending the feedback forward is smooth

4 (2)The service supports work tasks:

• The service is perceived as useful

aNPT: normalization process theory.
bThe categories inside the NPT’s components are sorted in the order in which the participants mentioned the most.
cHow many times the participants mentioned this category.

Coherence: How Do Professionals Understand and
Make Sense of the New Service?
The participants considered that the implementation should be
prepared by comprehensive and continuous communication.
They experienced that the communication had failed while
announcing that information about the upcoming implementation
happened unexpectedly and therefore the presentations had not
reached everyone. For future implementations, participants
suggested that the communication be done through different
communication channels so that it reaches as many employees
as possible and avoids uncertainties in the implementation of
the service.

Implementation is considered successful when the
communication is multichannel, which includes a
video, a brochure, and a physical person to talk about
the service. [I7, P3]

According to the participants, for digital service implementation
to be successful, the implementation process must be consistent.
The implementation process needs to be clear, and the
professionals should have enough time to get ready for the
upcoming implementation. The participants had previous
experiences with how implementations had taken place on a
tight schedule, and thereby a lot of ambiguity had been
associated with the process. Some of them had previous
experiences where they were first told that the service was going
to be implemented but later it was canceled and they attended
unnecessary trainings. They started to lose their trust in future
implementations and changes.

You will lose trust for any change when you
experience unclear implementation experiences. [I2,
P1]

In addition, the participants also felt that it is important to
provide a good justification for using the service. They felt that
telling them why the service was implemented and why it needs
to be used gave them the motivation to use it in their routine

work. In addition, accepting the digitalization and understanding
it as a mandatory way of working were contributing factors.
Some of the participants even felt that the time is apt for
digitalization and that they must simply go with the flow. They
also considered it important that the benefits of using the digital
service (from the perspective of their own work) were
emphasized.

Implementation is enabled by the fact that the
employee [themselves] perceive the service as useful
and good in [their] own work. [I3, P1]

Cognitive Participation: How Do Professionals Engage
With and Participate in the Service?
The participants noted that in good implementation, champions
who have an interest and additional training in the service should
be involved in implementation from the beginning. They also
highlighted that it is important to give everyone, not only the
champions, an opportunity to influence and participate by giving
insight for the service of one’s own work needs. The participants
suggested that implementation be facilitated by involving
professionals from different professional groups in the design
phase so that everyone would have a voice. In addition, the
participants mentioned that it is important that they have been
given the option to use working hours when participating in the
design phase of digital services.

Usually, we have no time to innovate. It would be nice
if there was, for example, half a day for development,
which would give the staff a voice. [I2, P3]

Ensuring that the professionals have a positive attitude toward
the service enables successful implementation according to the
participants. If the professionals had prejudices or negative
attitudes toward the digital services, they were reluctant to use
them. The participants expressed that usually these negative
emotions were consequences of a lack of involvement in the
design phase. Prejudices were also often related to the usability
of the service. It was feared to be too difficult to use or the
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professionals simply had bad experiences with previous
implementations.

Prejudices can negatively affect successful
implementation because you may have some
perception or fear that the service [that] is being
implemented is too difficult to use. [I7, P3]

Collective Action: The Work That Professionals and
Organizations Must Do to Enact the New Service
The participants pointed out that support should be available
from a variety of sources. Lack of support or the support model
being unclear was found to hinder successful implementation.
They noted that everyone should know how the support is
provided, whom to contact in the case of a problem, and where
to find all the related contact information. The participants had
2 views on the source of support. Some believed that support
required a person physically present who could be approached
quickly in problem situations. Especially after the first weeks
of implementation, this was considered important. For some,
remote support was thought to be adequate, as this would allow
support to remotely connect the user’s computer, if necessary,
thus quickly supporting the user in the event of a problem.
Nevertheless, what was considered to be the most important
thing was that the support should be close and readily available.

The person providing the support does not have to be
physically present, but it would be good to have
support remotely that is easily and quickly available
so that [they] can remotely show how to do these
things with the service. [I8, P3]

In addition to the support provided by the organization, support
was often received from one's own workplace, most often from
one's own colleagues. Some of the participants had experiences
of champions supporting the use of the service. In addition to
receiving support from their own colleagues, some of the
participants also received support from their own supervisors.
However, only a few considered it to be important that the
supervisors support employees in the implementation process.
For them, the attitude of supervisors toward digital services was
the more substantial contributing practice to successful
implementation.

Most of the participants mentioned that there should be enough
time to get familiar with the service. They experienced that they
had not been provided enough time to get to know the service
but had to learn to use it alongside their work while the patient
was at the reception. They suggested that by having a demo
version, they would get an opportunity to practice the service
independently or with colleagues before using it with patients.
It would also give them the chance to practice it in peace and
when it suits them best. However, some of the participants saw
that the use of the service would be learned over time while
working or through mistakes at the latest.

When you fail enough times, you will get it right
eventually. You will learn from your mistakes. [I6,
P3]

According to the participants, well-planned and scheduled
training regarding the use of the service, as well as equal
opportunities and time to participate in these training sessions,

are important. The training should also be nonstop so that it
would train as many employees as possible and even the shift
workers could attend. The participants also pointed out that
having enough knowledge on how to use the service is important
for the success of the implementation. They believed that having
enough knowledge would help them achieve confidence in using
the service. The participants described problematic situations
where the coworkers had taught other coworkers with
insufficient knowledge. Furthermore, with such experiences,
they mentioned that effective and clear information about the
use of the service ensures that it is used correctly.

In addition, 1 of the key practices that the participants pointed
out was that the service provider or the organization should
provide different training methods for employees. One-sided
training methods prevented successful implementation. For
example, watching training videos alone did not guarantee
sufficient skills to successfully use services. However, some of
the participants experienced that video training enabled
recounting whenever they needed it. In addition to various
training methods, participants mentioned that it is important to
have, especially after its implementation, written instructions
on how to use the service.

The participants hoped that their skills could be assessed to map
their training needs. Targeting training according to the level
of competence would be useful, as some people may need to
learn more basic technical skills, while others already master
them well and may be able to cope with shorter training sessions.
It was also mentioned that the individuals who embrace the
program more easily, such as recent graduates, may find the
video training enough and no other forms of training will be
needed. The importance of targeting training according to the
competence requirements set by the job tasks was also
emphasized.

I would have wished for targeted training for my own
professional group because now they have been
general. It would be more efficient if the [training
sessions] were more targeted, so you could focus on
the things you need in your own work. [I8, P2]

Reflexive Monitoring: How Do Professionals Reflect
on or Appraise the Services’ Effects?
The participants noted that after the implementation, it is
important that the service be perceived to work well, because
experiences of poor usability were believed to jeopardize
successful implementation. Thus, the service should be easy to
use and should not have usability vulnerabilities.

Usability and especially the ease of using the service
plays a huge role if you want the implementation to
be successful. [I2, P1]

In addition, after the implementation of the service, monitoring
its use was also considered important. This meant, for example,
regular monitoring of the correct use of the system and the use
of all included features. The participants were concerned about
the misuse of the system due to a lack of sufficient training and
monitoring of everyday use.
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The problem is that no one comes back and asks if
you have learned to use the service; a follow-up visit
is needed. [I7, P3]

The participants also pointed out the importance of getting an
opportunity to provide feedback on the new service after the
implementation and that the feedback be used to develop the
service. It was essential for the functioning of the feedback
channel that it be known by everyone and that the feedback
process be perceived as smooth. If it was not perceived as being
smooth, there was no desire to give feedback.

If you come up with a good idea, taking it forward
was not made easy; if it takes a lot of time, it is often
left undone. [I2, P2]

According to the participants, the use of the digital services that
are being implemented should be useful for one's own work.
The service was not used nor recommended, for example, to
patients if the participant considered the service unbeneficial
for one's own work.

Discussion

Principal Results
This qualitative study identified factors that support successful
digital service implementations and should be considered in the
future to make sure that the services are integrated into health
and social care professionals’ routine work. According to
professionals’ implementation experiences and by using the
NPT framework, we suggest 14 practices that should be
considered when implementing new services into professionals’
clinical work.

To get professionals to understand and make sense of the new
service, (1) the communication related to the implementation
should be comprehensive and continuous and (2) the
implementation process should be consistent. (3) A justification
for why the service is going to be implemented should also be
given. The best way to engage professionals with the service is
(4) to give them opportunities to influence and (5) to make sure
that they have a positive attitude toward the upcoming service.
To enact the new service into professionals’ routine work, it is
important that (6) the organization take a supportive approach
by providing support from several easy and efficient sources.
The professionals should also have (7) enough time to become
familiar with the service and have (8) enough know-how about
the service. The training should be (9) targeted individually
according to skills and work tasks, and (10) it should be diverse.
The impact of the implementation on the professionals’ work
should be evaluated. The service (11) should be easy to use,
and (12) usage monitoring should happen. An opportunity (13)
to give feedback on the service should also be offered.
Moreover, (14) the service should support professionals’ work
tasks.

Comparison With Prior Work
According to our study, to ensure that the service makes sense
(the NPT’s component coherence) for the users, the
communication related to the implementation should be
comprehensive and continuous. In earlier studies, the importance
of good information has been highlighted when implementing

digital services [14,17,18,37]. However, previous studies do
not mention specifically what kind of good communication
would best support professionals in their work. In our study,
the professionals suggested that the communication should
happen from a variety of different channels so that it reaches
everyone, including shift workers. Our results highlight that
when the implementation process happens under a tight
schedule, such as during the COVID-19 pandemic, the
importance of comprehensive and continuous communication
increases.

In our study, the professionals also highlighted that it is
important to justify why the service is going to be implemented
in order to ensure that it makes sense for the users. The benefits
of using the service seemed to be especially important from the
perspective of the professionals’ own work. Sanders et al [38]
presented in their study that usually the difficulty in
implementations is a failure to clarify coherence to the users.
If the professionals fail to understand the way of working as
helpful and relevant, they may be unwilling to use it. In addition,
May et al [37] highlight the importance of coherence; if there
is a desire for the service to be normalized into the professionals’
work, it is important that the service make sense for the users
[27,36]. In the review by Mair et al [19], the sense making was
not highlighted as being that important when implementing
eHealth systems. However, it is good to note that this review
was conducted 10 years ago.

Some earlier studies have pointed out that involvement is 1 of
the key contributing factors when implementing new digital
services [17-19]. In addition, the NPT [27,36] highlights the
importance of engagement and participation (cognitive
participation component) with the service to get it normalized
into routine work. In our results, the professionals underlined
the importance of everyone getting an opportunity to influence
and participate in designing the service. Our results therefore
support previous results; however, the main problem according
to our results is that time for involvement is not given to
professionals. The heavy workload and the lack of staffing of
health and social care settings have increased in recent years,
which may influence the time given for innovation and design
[39].

According to our results, to make sure the enactment of the
work happens (collective action component), the support should
be provided from a variety of fast sources. However, it was
interesting that the professionals did not highlight the importance
of supervisors’ support, whereas previous studies have
recognized the lack of support from supervisors as 1 of the major
barriers to implementation [17,18,40]. However, we found that
the positive attitude toward the service is more important. In
addition, enactment of the work happens if people have the
necessary skills and training to perform the tasks associated
with the services. In our study, it was important for the
professionals to have enough knowledge about the service and
time for its familiarization. In previous studies, the lack of time
[11,18] and the lack of information [18,19] were also
experienced as inhibiting factors.

In our study, it was important to use various teaching methods
and training, which was targeted according to work tasks.
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Professionals also suggested to target the training according to
the competence assessment. Previously, the training and
competence of professionals have been found to be key factors
when implementing new digital services [11,18,19], but
competence assessments have received less attention. Mair et
al [19] mentioned the importance of training, but they did not
specify what kind of training would be required. Therefore,
more information is needed in the future about what, how, and
how much training should be provided.

In our study, it seems that the evaluation of a new digital service
depends on how well the service supports professionals’ work
tasks and whether users perceive the service use usable
(reflexive monitoring). Our results suggest that follow-ups are
important, because after the implementation, the users expected
someone to monitor whether they were using the services in an
appropriate manner. Gagnon et al [17] also found that
monitoring the use of the system should happen at the early
stages of implementation to ensure immediate response to users’
feedback [17]. It is important that the organizations and service
providers keep on engaging with the service users after the
implementation has taken place. This also provides an
opportunity to ensure that the service is used correctly. In
addition, in our study, being able to give feedback about the
service was considered important because it gave the users the
feeling that they can influence. This also gives the organizations
and service providers an opportunity to further develop the
service based on the users’ needs.

The NPT framework seemed to be a suitable choice for our
research because our findings were well interpreted with the
components of this framework. The NPT offered us a useful
tool for organizing the important practices involved in the data,
which enabled the development of recommendations for future
implementations. We had difficulties sometimes in
understanding and applying coding to some of the NPT
components, especially coherence and cognitive participation,
which are more related to time before implementation. However,
even when we used all 4 components, collective action
frequently got many mentions, maybe because it describes the
enactment of the work most comprehensively. May et al [37]
suggested that for future studies, it is important to connect
collective action much more closely to the context in
implementation studies.

Strengths and Limitations
The strengths of this study include multilevel information about
experiences from different professional groups when
implementing a different kind of new digital service in the era
of the COVID-19 pandemic. The fact that a fairly large number
of interviewees (n=30) took part can also be considered a
strength. Our results are from the forerunner country in
digitalization and from 4 different health centers that are
pioneers in digitalization and located in different parts of
Finland. Thus, we were able to obtain important information
from pioneer organizations for many organizations that are
further developing their digital services and systems. A
qualitative research method was able to give us a more in-depth
overall picture of the situation during the era of COVID-19.

Credibility was established in this qualitative study by following
the criteria of reliability presented by Lincoln and Cuba [41].
To establish confidence that the results were true, we collected
data generated by 3 interviewers, 1 of whom was a more
experienced interviewer. In the Results section, we used
quotations to make sure the results were authentic. Credibility
and interrater reliability were increased by having several
sessions of peer debriefing with the research team about the
interviews, the analyses process, and the name of the codes.
Dependability was guaranteed by describing the study methods,
data collection process, and analysis process as thoroughly as
possible. Confirmability was guaranteed by collecting data from
different groups of professionals, who were performing different
kinds of tasks in a health and social care setting. Transferability
was guaranteed by purposely sampling different kinds of
professionals to participate in the focus group interviews.

This study had some limitations. One limitation was that because
the COVID-19 epidemic got worse during data gathering, we
had to conduct some of the interviews using the Microsoft
Teams application instead of face-to-face interviews. The focus
group interviews’ aim is to get people to talk in a group, and
with Microsoft Teams, it was more difficult and required more
effort from the interviewers. However, fortunately, our
interviewers were experienced and were able to plan a strategy
for promoting discussion. Interrater reliability was also 1
limitation, because if we had performed the coding by
double-coding it, we could have compared the unity of the
coders more closely instead of only discussing it [42]. One more
of the limitations was that the interviews were conducted in
Finnish health centers; compared to other countries, Finland is
ahead in digitalization and it can therefore influence
implementation attitudes and experiences. So, transferability to
other countries must be done with caution, especially related to
countries with a low level of digitalization. The interviews were
conducted in health centers, where there can be certain types
of digital services in use, and therefore the results may not be
transferable to other health care contexts. However, a previous
review (eg, Mair et al [19]) showed corresponding results even
when the environment varied. In addition, given that these 4
health centers were purposely selected because they were
advanced in digitalization, it may have also influenced the
results. Finally, 1 of the limitations was that most of the
professionals who attended the interviews were from the health
care sector, and therefore future studies about social care
professionals’ experiences with digital service implementations
should be conducted.

Conclusion
In this study, we examined health and social care professionals’
experiences with digital service implementations and identified
factors that support successful implementations and should be
considered in the future to ensure that the services are integrated
into professionals’ routine work. Based on the results, we
suggested 14 practices for organizations to consider when
implementing new digital services. Due to practical reasons,
such as limited time and resources and a high number of
implementations in organizations, it may not be realistic to
expect all the practices to be fully executed. However, these
practices can guide organizations to find appropriate ways to
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support professionals and help organizations to pursue successful
implementations. Our findings can be useful for countries that
are beginning their service digitalization or further developing
their digital services. For future studies, it is essential to examine

implementations in a different phase of the process. The digital
services add workload on already busy schedules [17], and thus,
it would be beneficial to study how the implementations
influence professionals’ well-being at work.
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Abstract

Background: Patients undergoing coronary artery bypass graft surgery (CABGS) may fail to adhere to their treatment regimen
for many reasons. Among these, one of the most important reasons for nonadherence is the inadequate training of such patients
or training using inappropriate methods.

Objective: This study aimed to compare the effect of gamification and teach-back training methods on adherence to a therapeutic
regimen in patients after CABGS.

Methods: This randomized clinical trial was conducted on 123 patients undergoing CABGS in Tehran, Iran, in 2019. Training
was provided to the teach-back group individually. In the gamification group, an app developed for the purpose was installed on
each patient’s smartphone, with training given via this device. The control group received usual care, or routine training. Adherence
to the therapeutic regimen was assessed using a questionnaire on adherence to a therapeutic regimen (physical activity and dietary
regimen) and an adherence scale as a pretest and a 1-month posttest.

Results: One-way analysis of variance (ANOVA) for comparing the mean scores of teach-back and gamification training
methods showed that the mean normalized scores for the dietary regimen (P<.001, F=71.80), movement regimen (P<.001,
F=124.53), and medication regimen (P<.001, F=9.66) before and after intervention were significantly different between the
teach-back, gamification, and control groups. In addition, the results of the Dunnett test showed that the teach-back and gamification
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groups were significantly different from the control group in all three treatment regimen methods. There was no statistically
significant difference in adherence to the therapeutic regimen between the teach-back and control groups.

Conclusions: Based on the results of this study, the use of teach-back and gamification training approaches may be suggested
for patients after CABGS to facilitate adherence to the therapeutic regimen.

Trial Registration: Iranian Registry of Clinical Trials IRCT20111203008286N8; https://en.irct.ir/trial/41507

(J Med Internet Res 2021;23(12):e22557)   doi:10.2196/22557

KEYWORDS
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Introduction

Background
The most important objective of coronary artery bypass graft
surgery (CABGS) is to improve the patient’s quality of life by
reducing angina symptoms and maintaining coronary circulation
[1,2]. However, this approach also has complications, despite
its many benefits. For example, patients may be exposed to side
effects, such as respiratory problems, atelectasis, pneumonia,
surgical site infection, gastrointestinal problems, and mood
disorders, usually for reasons such as inappropriate adherence
to a therapeutic regimen (generally including medication,
dietary, and movement regimens) [2,3]. A lack of, or improper,
training of patients may be accompanied by serious
complications and re-admissions [3,4], although some of these
side effects are preventable. Self-care and understanding of
one’s illness, lifestyle changes, and improvement of the patient’s
quality of life require the transfer of knowledge and education
from the health professional to the patient. Despite recognizing
the importance of patient education, several studies have shown
that training of these patients may not be effective. Accordingly,
effective educational methods should be used for people of
different ages and with different levels of literacy to improve
the patient’s understanding of the disease condition and the
treatment process [5,6].

There are several patient-training methods, such as direct
(lectures, individual discussion, group discussion, and teach
back) and indirect (booklet, pamphlet, CD, animation-based
training, and gamification) methods. The choice of the right
educational approach is different depending on the level of
literacy and educability of the patient, the mastery of the nurse
of the relevant method, and the availability of educational
facilities, time, and educational space [7-12]. A number of
studies have been conducted on the use of direct methods, such
as the teach-back method of patient education [13,14]. This is
a comprehensive and evidence-based approach that takes into
account health literacy and leads to a better understanding of
patients and their caregivers from the training provided by giving
them information and asking for them to reflect the key points
[15,16]. Despite the demonstrated benefits of this method,
studies have shown that nurses are either not using this training
method or have not found it to be effective [13,17]. Some of
the disadvantages of this method are the time-consuming nature
of the training, the large amount of content provided, the lack
of repetition of the content at different times, and the lack of
skill of the trainer [13,18,19]. In addition, some believe that the
increasing speed of science and technology has diminished the

role of direct teaching methods in the educational process,
emphasizing the use of indirect methods, such as animation-,
web-, and smartphone-based training.

In recent years, a new method called gamification has been used
as a form of indirect patient training. “Gamification” is the term
used to define the concept of applying game design and
mechanics to nongaming applications. It gives patients the
ability to set goals, track progress for achieving them, and get
rewarded in return. Gamification also helps to increase users’
self-control and is designed to promote positive behavior change.
Gamification has been used to train patients with heart failure,
myocardial infarction, rheumatoid arthritis, diabetes, breast
cancer, and Alzheimer’s disease and has also been used for
smoking cessation and blood pressure control, yielding positive
results [20-22]. However, the method has its critics. Some
commentators believe that this training method may lead to
addictive behavior, that it is costly, that there is a lack of skilled
practitioners, and that there is a lack of appropriate infrastructure
for its use [22-24].

Research Aim
Due to the importance of patient education in the development
of self-care and the increasing use of modern educational
approaches, the aim of this study was to compare the effect of
gamification and teach-back training methods on adherence to
the therapeutic regimen in patients after CABGS. The primary
outcome was a score on adherence to the therapeutic regimen.

Methods

Study Design
This randomized clinical trial was performed with a sample size
of 123 people in 2019. The study population consisted of all
CABGS patients admitted to the intensive care units of hospitals
affiliated to the Tehran University of Medical Sciences, Tehran,
Iran. The patients who met the study inclusion criteria were
randomly divided into three groups of 41 each using randomized
block design and software. To decrease the predictability of
allocated groups and ensure randomizing participants in an
equal number, we used block randomization with size 4.
Allocation in each group was random but equal in size.

Inclusion and Exclusion Criteria
Inclusion criteria were an age range of 18-60 years, an Android
phone for the patient, nonuse of psychotropic drugs, the ability
to understand and speak Persian, willingness to participate in
the study, lack of hearing and speech disorders, and the ability
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to receive phone calls after discharge. Exclusion criteria were
the patient’s unwillingness to continue an education process
and acute illness requiring emergency intervention

Intervention
For patients in the gamification group, informed consent was
obtained and a pretest questionnaire completed. The training
program was installed on each patient’s smartphone during
discharge, and the researcher explained to the participants how
to use the game. The app developed for the program included
three main sections (dietary regimen, medication regimen, and
movement regimen) and one assessment section at the end of
each main section. The training was in the form of animation,
images, and sound (Figure 1). In the assessment section, which

was in the form of a question, the correct answer received 6
stars (reward, motivation); the screen of the phone was full of
stars (excitement), and it moved to the next step. If a false
answer was given, 3 stars were deducted from the total score
(punishment), and the same step was continued until a correct
answer was obtained. For a false answer, a sound (eg, a ding)
was made (Textbox 1). Each patient was able to see the sum of
their scores and those of other patients on the home screen. The
patient was also able to see their score chart relative to those of
the other participants, and consistent with social comparison
theory, thereby motivating them to learn more in comparison
to others. The questionnaire was recompleted 30 days later by
an in-person visit to the patients’ home.

Figure 1. Sample screenshot from the physical activity section.
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Textbox 1. Delban (the app, which means “heart protector”) application specifications.

Section 1

Includes the dietary regimen. The scientific content in this section is divided into 7 groups (general recommendations, bread and cereals, meat and
beans, dairy, fruits, vegetables, and fat), and finally an assessment is included.

Section 2

Includes the medication regimen. General recommendations are given in three subsections for better patient access. The most commonly prescribed
heart medications for these patients include β-blockers (eg, Metoral), antihypertensive drugs (eg, Losartan and Valsartan), antiplatelets (eg, Plavix
and aspirin), lipid-lowering drugs (eg, Atorvastatin), diuretics (eg, Lasix, Aldactone, triamterene-H, and hydrochlorothiazide), anticoagulants (eg,
warfarin and enoxaparin), and vasodilator drugs (eg, SUSTAC). Finally, an assessment is included.

Section 3

Includes physical activity. General recommendations are given in three parts. Other areas include walking, using a spirometer, breathing activity,
sexual activity, returning to work, driving, and foot edema. In addition, the recommended exercises during the second phase of cardiac rehabilitation
after surgery are provided to the patient for 4 weeks. The last part includes an assessment.

Section 4

Includes scoring and assessment. The patient’s assessment section answers the questions considered. The correct answer receives 6 stars (reward,
motivation), and the screen of the phone is full of stars (excitement), with progression to the next step. In the case of a false answer, 3 stars are deducted
from the total score (punishment), and the same step is continued until the answer is correct. For a false answer, a sound (eg, a ding) is made. The
patient sees the sum of their scores and those of other patients on the home screen. The patient also sees their score chart relative to the those of others,
which motivates them to learn more in comparison to others.

For patients in the teach-back group, after obtaining informed
consent and completing the pretest questionnaire, training was
presented in the following steps by the researcher: (1) training
information in a simple and understandable language without
medical terminology, (2) expressing information in the language
of the patient without embarrassment, (3) correcting the patient’s
misunderstanding, (4) re-asking the patient to make sure the
patient was aware of any error, and (5) checking the patient’s
correct understanding. The duration of training varied from 45
min to a maximum of 60 min, depending on the patient’s
physical and mental condition. In addition, training was provided

individually and outside of the inpatient ward, in a separate
room, to prevent data transfer to other patients. In addition, a
training booklet was given to patients in the teach-back group
in order to access information within a 30-day period. Finally,
30 days later, the questionnaire was recompleted by visiting the
patient at home, in person. It should be noted that the educational
content of both groups was identical.

In the control group, no training was provided by the researcher,
and the group received only the usual training given by the ward
nurse. The questionnaire was completed by the patients before
discharge and then 30 days later during a home visit (Figure 2).
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Figure 2. Consolidated Standards of Reporting Trials (CONSORT) flow diagram of this study.

Data Collection Tools
Prior to training, each patient completed an informed consent
form, a demographic questionnaire, a questionnaire on adherence
to a therapeutic regimen (physical activity and dietary regimen)
designed by Sanaie et al [25], and an adherence scale.

The demographic questionnaire included information about age,
sex, education, and source of information about the study. In
addition, the patient’s health record was referred to obtain details

on medical history, past surgery, and type of medication. The
questionnaire on adherence to a therapeutic regimen designed
by Sanaie et al [25] consists of two sections. The first part
contains 30 questions about the patient’s dietary regimen
(consumption of salt, fat, meat, dairy, etc). Options (4-point
Likert scale) are divided into the number of uses per week, with
a total score of 100 points per question. Finally, the total
adherence rate of the dietary regimen, where 100% represents
a total score of 3000, is decided as follows: <50% of the total
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score (<1500), undesired adherence; 50%-75% of the total score
(1500-2250), relatively desired adherence; and >75% of the
total score (>2250), desired adherence.

The second part includes 19 questions about the patient’s
movement regimen (eg, walking, breathing exercises, and
spirometer). The options are scored from never to always (0 to
110) using a 5-point Likert scale. The total adherence rate of
the physical activity regimen, where 100% represents a total
score of 1900, is considered as follows: <50% of the total score
(<950), undesired adherence; 50%-75% of the total score
(950-1425), relatively desired adherence; and >75% of the total
score (>1425), desired adherence. The reliability of the
questionnaire was measured by the Cronbach alpha value
(α=.81).

To confirm content validity, the questionnaire was presented
to 10 faculty members of the School of Nursing and Midwifery,
Tehran University of Medical Sciences, in addition to a
nutritionist, a physiotherapist, a sports medicine specialist, a
cardiologist, and an interventional cardiologist. After collecting
their comments, corrective and suggested comments were
applied.

The MMAS has 7 yes/no options (yes=0 and no=1) and 1 5-point
Likert scale (never=0, rarely =1, sometimes=2, often =3, almost
always=4). A score of 6 and higher is considered to represent
the desired level of adherence to the therapeutic regimen. The
MMAS has been translated into Persian by the corresponding

author and coauthors, and its validity and reliability (Cronbach
α=.82) confirmed [26].

Statistical Analysis
Data were analyzed with SPSS Statistics version 20 (IBM) and
STATA version 12 (StataCorp) using the Fisher exact test,
chi-square test, independent t-test, analysis of variance
(ANOVA), and Dunnett test.

Ethical Considerations
This study was approved by the ethics committee of the Tehran
University of Medical Sciences, with the code of ethics
IR.TUMS.FNM.REC.1398.029, and registered on the database
of the Iranian Registry of Clinical Trials (IRCT), with the code
IRCT20111203008286N8. Prior to the intervention, the patients
signed written informed consent. At the end of the study, the
educational content was provided to the control group.

Results

The results of this study showed that 64.68% of the samples in
the gamification group, 51.35% in the teach-back group, and
62.66% in the control group were male. Other demographic
characteristics of the patients are listed in Table 1.

In addition, the results of this study showed that the mean (SD)
scores of dietary and movement regimen adherence were higher
in the gamification group than in the other two groups (Table
2).
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Table 1. Patients’ baseline characteristics.

ResultsTeach back, n (%)Gamification, n (%)Control, n (%)Demographic characteristics

P valuedfχ2

.45a21.56Gender

18 (48.6)13 (35.1)14 (37.8)Female

19 (51.3)24 (64.8)23 (62.1)Male

.17b8Educational level

3 (8.1)5 (13.5)2 (5.4)Primary education

2 (5.4)4 (10.8)4 (10.8)High school

5 (13.5)10 (27.03)12 (32.4)Diploma

21 (56.7)9 (24.3)14 (37.8)Graduate

6 (16.22)9 (24.3)5 (13.5)Postgraduate

.88b4Income status

29 (73.3)30 (81)28 (75.6)It is not enough

7 (18.9)5 (13.5)6 (16.2)It is enough to some extent

1 (2.7)2 (5.4)3 (8.1)It is enough

.80b3Chronic condition

7 (18.9)9 (24.3)8 (21.6)Diabetes

10 (27)6 (16.2)7 (18.9)Hyperlipidemia

16 (43.2)18 (48.6)21 (56/7)Hypertension

2 (5.40)3 (8.1)1 (1.7)COPDc

2 (5.40)1 (1.7)0 (0)Chronic kidney disease

.71b3Source of information

2 (5.4)4 (10.8)8 (21.6)Physician

1 (2.7)3 (8.1)8 (21.6)Nurse

8 (21.6)3 (8.1)3 (8.1)Media

26 (70.2)28 (72.9)18 (48.6)Social network and the internet

.12a2374/4Fat consumption

6 (16.2)7 (18.9)13 (35.1)Low fat

17 (45.9)27 (67.5)14 (37.8)Ordinary fat

14 (37.8)5 (13.5)10 (27)Fatty

.88a2240/0Salt consumption

6 (16.21)7 (18.9)13 (35.1)Low salt

17 (45.9)25 (67.5)14 (37.8)Ordinary salt

14 (37.8)5 (13.5)10 (27.0)Salty

aChi-squared test.
bThe Fisher exact text.
cCOPD: chronic obstructive pulmonary disease.
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Table 2. Comparison of mean (SD) scores of dietary and movement regimen adherence in the study groups.

95% CIaMean (SD)Study group

Diet regimen

(–0.9885, –0.5393)–0.7639 (0.5200)Control

(0.815, 1.251)1.033 (0.655)Gamification

(–0.575, –0.119)–0.347(0.700)Teaching

Movement regimen (physical activity)

(–1.0961, –0.7229)–0.9095 (0.3253)Control

(0.923, 1.285)1.104 (0.653)Gamification

(–0.4641, –0.0848)–0.2745 (0.5270)Teaching

Medication regimen

(–0.726, –0.071)–0.398 (0.679)Control

(0.238, 0.873)0.555 (0.924)Gamification

(–0.533, 0.133)–0.200 (1.107)Teaching

aCI: confidence interval.

Initially, for each outcome, the analysis was performed without
dropout management and then with dropout data considered.
The results of the analysis showed that no significant difference
was found. The implication of these results is that dropout did
not play a role in the significance level of the study results.
Moreover, the one-way ANOVA test for comparing the mean
scores of teach-back and gamification training methods showed
that the mean normalized scores for the dietary regimen (P<.001,
F=71.80), movement regimen (P<.001, F=124.53), and
medication regimen (P<.001, F=9.66) before and after the
intervention were significantly different between teach-back,
gamification, and control groups. After the heterogeneity of
these scores was determined, the Dunnett test was used to

compare teach-back and gamification groups with the control
group. In addition, in the dietary and movement regimen
adherence, there was no overlap in the gamification method
with the teach-back method due to the confidence intervals (CIs)
of the mean difference with the control group, which indicates
that the gamification approach performs significantly better
than the teach-back method (Table 3). In the adherence to the
therapeutic regimen, the CIs of the mean difference with the
control group overlapped in the gamification approach (0.438,
1.469) and the teach-back approach (-0.330, 0.727), which
shows that the gamification approach is not significantly
different from the teach-back approach (Figure 3).

Table 3. Dunnett simultaneous tests for level mean–control mean.

P value95% CIcSEb of differenceMean differenceaDifference of levels

Diet regimen

<.001(1.443, 2.151)0.1571.797Gamification-control

.021(0.055, 0.779)0.1610.417Teaching-control

Movement regimen (physical activity)

<.001(1.719, 2.307)0.1312.013Gamification-control

<.001(0.334, 0.936)0.1340.635Teaching-control

Medication regimen

<.001(0.438, 1.469)0.2300.954Gamification-control

.61(-0.330, 0.727)0.2350.199Teaching-control

aIndividual confidence level=97.29%.
bSE: standard error.
cCI: confidence interval.
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Figure 3. Comparison of CIs between intervention groups (gamification and teach back) and the control group. CI: confidence interval.

Discussion

Principal Findings
This clinical trial was conducted in 2019 with the aim of
determining and comparing the effects of gamification and
teach-back training methods on adherence to a therapeutic
regimen by patients after CABGS. The study found that the
gamification training method performs better than the teach-back
training method in dietary and movement regimen adherence,
but there was no statistically significant difference in adherence
to a medication regimen between the two groups. In addition,
sensitivity analysis results showed that the dropout did not play
a significant role in the significance level of the study results.

A study by Ghanbari et al [27] on the effect of an educational
program based on the teach-back method on adherence to a
treatment regimen in patients with end-stage renal disease on
dialysis showed that the mean score of treatment adherence in
3 areas of hemodialysis, namely drug therapy, fluid restriction,
and dietary regimen, in the intervention group in both the
posttest (7 days after intervention) and follow-up (30 days after
intervention) was significantly higher than in the control group
(P<0.01) [27]. In this study, the use of a teach-back training
method in relation to movement and dietary regimens showed
adherence to the therapeutic regimen, a finding that is in line
with Ghanbari et al [27]. However, the use of the teach-back
training method in relation to adherence to the medication
regimen is inconsistent with their findings. The inconsistency
between the results of Ghanbari et al [27] and this study may
be due to a longer period of treatment and the periodic nature
of hemodialysis compared with open heart surgery and the
repetition of teaching during hemodialysis treatment, thus
producing a more positive result. In addition, since the
medication regimen is such an important pillar of treatment
adherence in patients on hemodialysis, more attention may be
paid to this area of treatment in patient education using
additional information resources, including other patients and
treatment staff. Dalir et al’s [28] study of the effect of a
teach-back intervention aimed at improving self-care in 62

patients with heart failure found that the teach-back training
method is effective in improving self-care (P<0.001) [28]. Our
study was able to show improvements in relation to movement
and diet; however, it did not have the same positive result on
the medication regimen that was demonstrated by Dalir et al
[28]. The lack of effectiveness in relation to medication
adherence in this study may be attributed to the duration of the
training. In the Dalir et al [28] study, the patients were taught
over 3-4 days, while in this study, the training was presented
in a single 45-60-min session. Other studies have also shown
the benefits of longer periods of patient education using
teach-back training methods. These include White et. al’s [29]
study of patients with heart failure, whose education occurred
over a 13-month period when hospitalized.

Finally, in relation to previous research on gamification effects,
Allam et al’ [30] RCT on the effect of social support features
and gamification on a web-based intervention for patients with
rheumatoid arthritis found that physical activity increased in
patients in the intervention group who had access to gamification
and social support. The use of health care decreased for patients
who received social support and for those who received social
support and gamification. The study showed that the use of
gamification alone or in conjunction with website intervention
increases physical activity as well [30]. These significant
differences in relation to physical activity using the gamification
approach are consistent with our study, as are design elements
such as the use of game elements to create excitement and
motivation and the awarding of prizes to the “winning” patients.

Limitations
We had to rely on the patients’ self-report on exercising at home
and following the dietary and medication regimens. In addition,
the patients did not record the number of games and browse the
application. The app did not include the feature to send
reminders and the ability for patients to interact with it. We
suggest further studies with a larger sample size and an
interactive app with the ability to record usage and to send
reminders. In addition, it is recommended that studies be
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performed in the presence of active family member inpatient
care using these approaches.

Conclusion
Using a game-based smartphone app as a support program to
educate patients can affect the patients’ adherence to their
therapeutic regimen. In addition, with this program, the patients
can access the training on their smartphones at any time and
place and can repeat the instructions, if necessary. The
combination of game elements and patient education together
can lead to a better, more engaging learning experience, faster
feedback, and more readily available reminders of educational
content. However, according to social factor theory, the social
signs in multimedia messages (eg, the presentation of an
educational agent along with a human voice) causes learners to
consider computer-centered learning environments as discourse
environments. Signs that speak in the form of a friendly factor
on the monitor screen with a human voice and movements
increase the ability to transmit positively. The theory of social
mediation suggests that bringing verbal (eg, spoken words) and
nonverbal (eg, gestures, gaze, and movement) social cues into

multimedia environments can simulate human-to-human
communication, facilitating engagement of learners in the
learning process. According to this theory, by combining a
multimedia learning environment and a moving factor as a visual
and verbal social symbol, virtual communication between that
factor and learners becomes a suitable alternative for human
interactions. This study showed that the use of new
technology-based approaches can replace previous educational
methods. Therefore, by using this method, the process of
educating patients can be made more up to date and more
attractive by making optimal use of smartphones. Based on the
positive results of this study, the teach-back training method is
a strategy that can used to increase patients’ understanding and
is widely accepted by health care organizations as an effective
way to communicate information. Easy access, low cost, and
the interactive nature of this method are other notable benefits.
Training ends when the patient reaches an acceptable level of
understanding of the subject. The teach-back approach can be
considered an effective and alternative training method instead
of traditional ones, such as pamphlets and booklets.
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Abstract

Background: Mobile health applications are being increasingly used for people’s health management. The different uses of
mobile health applications lead to different health outcomes. Although active usage of mobile health applications is shown to be
linked to the effectiveness of mobile health services, the factors that influence people’s active usage of mobile health applications
are not well studied.

Objective: This paper aims to examine the antecedents of active usage of mobile health applications.

Methods: Grounded on the 3-factor theory, we proposed 10 attributes of mobile health applications that influence the active
usage of mobile health applications through consumers’ satisfaction and dissatisfaction. We classified these 10 attributes into 3
categories (ie, excitement attributes, performance attributes, and basic attributes). Using the survey method, 494 valid responses
were collected and analyzed using structural equation modeling.

Results: Our analysis results revealed that both consumer satisfaction (β=0.351, t=6.299, P<.001) and dissatisfaction (β=–0.251,
t=5.119, P<.001) significantly influenced active usage. With regard to the effect of attributes, excitement attributes (β=0.525,
t=12.861, P<.001) and performance attributes (β=0.297, t=6.508, P<.001) positively influenced consumer satisfaction, while
performance attributes (β=–0.231, t=3.729, P<.001) and basic attributes (β=–0.412, t=7.132, P<.001) negatively influenced
consumer dissatisfaction. The results of the analysis confirmed our proposed hypotheses.

Conclusions: Our study provides a novel perspective to study the active usage of mobile health applications. By categorizing
the attributes of mobile health applications into 3 categories, the differential effects of different attributes can be tested. Meanwhile,
consumer satisfaction and dissatisfaction are confirmed to be independent from each other.

(J Med Internet Res 2021;23(12):e25330)   doi:10.2196/25330

KEYWORDS

active usage; mobile health; 3-factor theory; consumer satisfaction; consumer dissatisfaction; medical informatics

Introduction

Background
With the introduction of smartphone devices in the world,
mobile health applications are being increasingly used by
consumers. By 2019, more than 2.5 billion people owned
smartphones worldwide [1], while more than 50% of them had
installed mobile health applications in their smartphones by

2017 [2]. The total market size of mobile health applications
worldwide was forecasted to reach nearly US $100 billion in
2021 [3]. In the United States, more than 60% of patients use
mobile health applications and other digital devices to manage
their health [4], while in China, the number of active users of
the most popular mobile health applications was over 10.5
million in January 2020 [5]. The most common mobile health
applications were related to the weather, fitness, and nutrition
in the United States [6] and healthy living information,
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measuring/recording of vital signs, and health and medical
reminders in China by 2017 [7]. Therefore, mobile health
applications have become an important component of individual
health management.

Mobile health applications are internet-based applications in
mobile devices to support medical and health activities [8].
Generally, mobile health applications provide functions to
monitor consumers’ health status, record consumers’
health-related data, provide medical references, and assist in
medical decision making [9]. Mobile health has been shown to
affect consumers’ health behaviors, including physical activity,
diet, alcohol, sexual behavior, and medication adherence [10].
Meanwhile, mobile health has been used to help manage health
conditions, including diabetes, asthma, depression, hearing loss,
anemia, and migraine [11]. However, the market of mobile
health applications is still developing, even with their recognized
benefits [12]. In addition to the effect of mobile health
applications on people’s health status, the usage of mobile health
applications affects the success of mobile health services [13].

According to usage status, mobile health application usage could
be classified into active and passive. Active usage refers to
consumers’ high engagement and complete usage of mobile
health applications, while passive usage is the occasional and
limited use of mobile health applications [14]. Compared with
passive usage, active usage of mobile health applications not
only uses different functions, such as posting and updating
personal information or using nontraditional functions, but also
has different antecedents. Since active usage of mobile health
applications is linked to the effectiveness of mobile health
services, including improving psychological flexibility [15],
promoting the maintenance of health-related changes [16], and
improving wellness [17], it is meaningful to study the active
usage of mobile health applications.

The previous literature has studied the adoption or use of mobile
health applications or services based on information system
acceptance theories, such as the technology acceptance model
(TAM), the theory of reasoned action (TRA), the theory of
planned behavior (TPB), and the unified theory of acceptance
and use of technology (UTAUT). For example, Hoque and
Sorwar [18] extended UTAUT by incorporating technology
anxiety and resistance to change in the study of mobile health
adoption among older adults and found that only facilitating
conditions do not have a significant effect. Alam et al [19]
extended UTAUT with perceived reliability and price value and
considered gender’s moderating role to study mobile health
adoption and found that effort expectancy and price value do
not influence adoption intention. A comprehensive literature
review of mobile health adoption and usage is presented in
Multimedia Appendix 1. However, few previous studies have
considered the impact of mobile health application attributes
and examined the factors that influence the active usage of
mobile health applications. Since few prior studies on mobile
health applications have examined active usage, we also consider
the literature on active use or usage in other contexts. For
example, Wu et al [20] studied the active usage of mobile instant
messaging applications from an attachment perspective and
categorized the predictors into 3 aspects: symbolism, aesthetics,
and necessity. Davenport et al [21] found that narcissism is

significantly related to active usage in college students but not
in adults. A comprehensive literature review of active usage of
information systems is presented in Multimedia Appendix 2.
Although the previous literature has found several predictors
of active usage, none of the predictors reflect the context of
mobile health. Considering the importance of active usage of
mobile health applications, this study seeks to understand and
address the specific research question What factors influence
the active usage of mobile health applications? Accordingly,
we ground our research on the 3-factor theory and propose that
consumer satisfaction and dissatisfaction could serve as the
mechanisms of the effect of the factors on the active usage of
mobile health applications. With regard to the factors, we mainly
focus on the attributes of mobile health applications.

By addressing this research question, our study makes 3
important contributions: (1) We explore the factors of active
usage of mobile health applications, which has largely been
understudied; (2) we categorize and link the attributes to the
active usage of mobile health applications based on the 3-factor
theory; and (3) we extend and validate the 3-factor theory in
the context of mobile health. The rest of the paper is organized
as follows: In the next section, we review the literature on the
3-factor theory and consumer satisfaction/dissatisfaction,
followed by our model and hypotheses. The subsequent section
provides the research methodology and data analysis. Next, the
results of the analysis and implications of our study for research
and practice are discussed. We conclude with the limitations of
this study and avenues for future research in the last section.

Theoretical Background
In this study, the 3-factor theory was used as the overarching
theory to construct the research model. Meanwhile, we discuss
the theoretical background of satisfaction and dissatisfaction in
this section.

3-Factor Theory
The 3-factor theory is the extension of the 2-factor theory,
originally proposed to explain job satisfaction in an
organizational context [22]. However, the 2-factor theory was
criticized for its oversimplification of influential factor
categories and no context consideration [23]. Kano et al [24]
refined the 2-factor theory and formulated the 3-factor theory
to categorize product qualities into 3 factors that meet
consumers’ needs. The 3 factors are termed as basic factors,
excitement factors, and performance factors, aggregating 5
attributes of quality. In Kano’s model, basic factors correspond
to hygiene factors in the 2-factor theory and represent
consumers’basic requirements, which do not affect satisfaction.
Excitement factors correspond to motivation factors, which
cause excitement but do not cause dissatisfaction when not
present. The third category, termed “performance factors,” lies
between basic and excitement factors, which cause satisfaction
when present and dissatisfaction when not present.

The 3-factor theory has been widely applied in different
contexts. In the previous literature, the 3-factor theory has been
used to categorize online shopping website design attributes
[25], test information systems qualities [26], and sort telecom
service attributes [27]. Therefore, previous studies have
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demonstrated the validity and power of the 3-factor theory in
examining the factors influencing usage and adoption and can
provide a comprehensive understanding of the antecedents of
mobile health application usage.

Consumer Satisfaction and Dissatisfaction
With regard to the relationship between consumer satisfaction
and dissatisfaction, previous research has proposed 2 distinct
views of the dimensionality of consumer satisfaction [21,28,29].
One view assumes that consumer satisfaction is unidimensional.
Thus, consumer satisfaction and dissatisfaction are the 2 ends
on a continuum. Another view postulates that consumer
satisfaction is bidimensional. Therefore, consumer satisfaction
and dissatisfaction are 2 independent constructs. In this study,
we argue that consumer satisfaction and dissatisfaction are 2
separate constructs that follow a bidimensional view. The reason
consumer satisfaction is not just opposite to consumer
dissatisfaction in the current context is that consumer satisfaction
and consumer dissatisfaction may also be caused by different
factors, which are suggested by the 3-factor theory [23]. Some
of the antecedent factors have a significant effect on consumer
satisfaction but do not affect consumer dissatisfaction.
Meanwhile, consumers’ satisfaction levels may not correspond

to their dissatisfaction levels. Therefore, consumer satisfaction
and dissatisfaction could coexist at the same time [27].

The previous literature also provides evidence that consumer
satisfaction is bidimensional. Babin and Griffin [30]
demonstrated that the 2-factor model of satisfaction and
dissatisfaction could have an acceptable goodness of fit, which
indicates that satisfaction and dissatisfaction are distinct. Chen
et al [27] found that consumer satisfaction and consumer
dissatisfaction have within-construct convergence and
between-construct discriminant validities. Kim et al [31] found
that factors linked to satisfaction and dissatisfaction of
full-service hotels are distinct. Therefore, it is feasible to apply
a bidimensional view of consumer satisfaction in our study.

Research Model and Hypothesis Development
According to the 3-factor theory, we proposed that the attributes
of mobile health applications will result in satisfaction or
dissatisfaction with the applications. Such satisfaction and
dissatisfaction may lead to active usage of mobile health
applications. Meanwhile, we classified the attributes of mobile
health applications into basic attributes, excitement attributes,
and performance attributes. The research model is presented in
Figure 1.

Figure 1. Research model.

Effect of Consumer Satisfaction and Dissatisfaction
According to the process view, consumer satisfaction refers to
the assessment of whether the actual performance of a product
or service conforms to one’s expectations [32,33]. When the
actual performance of a product or service matches or goes
beyond consumers’ expectations, they feel satisfied. Once they
feel satisfied, they improve their attitudes toward the product
or service [34,35], engage in positive word-of-mouth activities
[36], and increase commitment [37].

Since active usage of mobile health applications can be a
reflection of a strong commitment to the relationship between
consumers and mobile health applications [38], it could be
considered the behavioral representation of consumer
engagement in using mobile health applications. Therefore,
when consumers feel satisfied using a mobile health application,
they will commit and engage in using that mobile health
application. Hence, we hypothesize:

Hypothesis 1 (H1): Consumer satisfaction positively
affects consumers’ active usage of mobile health
applications.

Consumer dissatisfaction reflects a consumer’s evaluation
process during nonconformation of the consumer’s expectations
and the actual performance of products or services [39]. The
previous literature reveals that consumer dissatisfaction might
lead to negative behaviors, such as switching [40], complaining
[41], or participating in negative word-of-mouth communication
[36]. Nonconformity between consumers’ expectations and the
actual performance of mobile health applications result in
negative emotions, such as regret and disappointment [42]. Such
negative emotions may only lead to poor commitment of the
consumer at best toward using mobile health applications.
Hence, we hypothesize:

H2: Consumer dissatisfaction negatively affects
consumers’ active usage of mobile health
applications.
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Attributes of Mobile Health Applications
To identify the attributes that influence consumers’ active usage
of mobile health applications, we conducted interviews as well
as a thorough literature review. First, we conducted open-ended
interviews with 50 mobile health application users in China by
asking them questions such as Which attributes of mobile health
applications influence you to use them actively? We recorded
the responses regarding satisfaction/dissatisfaction in the form
of keywords and short sentences. Two PhD students then
conducted the content analysis of the recorded responses to

identify the items that may reflect the attributes of mobile health
applications. Disagreements between them were resolved
through discussion. Second, we screened the literature on mobile
health adoption to identify possible attributes and established
an attribute pool by combining the attributes from the interviews
and our thorough literature review. We then selected attributes
based on whether they were applicable in mobile health
applications. The definitions of the attributes and their sources
are summarized in Table 1. Finally, we divided the attributes
into 3 categories based on the 3-factor theory.

Table 1. Summary of mobile health applications’ attributes.

SourceDefinitionAttributeNumber

Lavie and Tractinsky [43]The degree of attractiveness or beauty of a mobile health application’s interfaceDesign aesthetics1

Srinivasan et al [44]The degree to which mobile health application providers tailor their products
for different consumers

Customization2

Van der Heijden [45]The degree of fun or pleasure consumers get from using mobile health applica-
tions

Enjoyment3

Hong et al [46]The degree to which consumers can use mobile health applications regardless
of location and time

Mobility4

Preece [47]The extent to which mobile health applications support social interaction be-
tween consumers

Sociability5

Liang et al [48]The degree to which mobile health applications provide information for solving
consumers’ health concerns

Informational support6

Liang et al [48]The degree to which doctors and other consumers convey their care and under-
standing to consumers through mobile health applications

Emotional support7

Chang and Chen [49]The extent of security of consumers’ private and sensitive information in using
mobile health applications

Perceived security8

Ou and Sia [25]Consumers’ assessment of mobile health application accessibility, stability,
response time, and operation

Technical functionality9

Delone and Mclean [50]Consumers’ assessment of the accuracy, relevance, and timeliness of informa-
tion generated by mobile health applications

Information quality10

Combining the definitions of specific attributes with the
definitions of the 3 categories, we could categorize the identified
attributes into those 3 categories. According to the 3-factor
theory, excitement and performance attributes would cause
consumer satisfaction, while performance and basic attributes
would drive consumer dissatisfaction. With the presence of
different attributes, consumer satisfaction and dissatisfaction
may coexist. To be specific, we categorized design aesthetics,
customization, and enjoyment as excitement attributes because
the 3 specific attributes are not the primary concern of
consumers but bring additional value to them. Next, we
categorized sociability, informational support, and emotional
support as performance attributes because these specific
attributes can facilitate consumer interaction and communication
with health professionals, which are consumers’ main purposes
of using mobile health applications. Finally, we categorized
mobility, perceived security, technical functionality, and
information quality as basic attributes because these specific
attributes are the basic requirements of any mobile application
[51]. This categorization was also preliminarily confirmed by
using a card-sorting method [52]. In this study, we treated
excitement, performance, and basic attributes as second-order
formative constructs that contain the attributes proposed by us
and confirmed by the card-sorting method. The relationship

between the attributes and consumer satisfaction/dissatisfaction
is specified next.

With regard to excitement attributes, design aesthetics, such as
the choice of color, shape, or layout of mobile health
applications, decide consumers’ aesthetics [43]. Meanwhile,
design aesthetics can fulfill people’s needs for aesthetics in
using mobile health applications [53]. Therefore, design
aesthetics may influence consumers’ satisfaction from using
mobile health applications. Customization increases consumers’
perceived control toward a mobile health application and signals
the quality of the mobile health application [54]. The perceived
control and high quality of mobile health applications can
influence consumers’ satisfaction from using the mobile health
applications. With regard to enjoyment, providing consumers
with an enjoyable experience is critical for influencing their
perception of mobile health applications [45]. Enjoyment in
using a mobile health application would be an intrinsic
motivation for consumers in using the mobile health application
[55]. Therefore, enjoyment reflects the satisfaction of
consumers’ intrinsic motivation. Hence, we hypothesize:

H3: Excitement attributes, which are characterized
by design aesthetics, customization, and enjoyment,
positively affect consumers’ satisfaction.
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With regard to performance attributes, mobile health
applications integrate various forms and functions to support
the communication and interaction among consumers [47].
Facilitating interaction between health professionals and
consumers produces a flow experience in using mobile health
applications and increases consumers’ satisfaction from using
mobile health applications [56]. If mobile health applications
cannot facilitate interaction, a consumer may be dissatisfied.
Therefore, sociability may lead to satisfaction if mobile health
applications have this attribute and dissatisfaction if mobile
health applications do not have it. Meanwhile, informational
support and emotional support are both dimensions of social
support. Health information from mobile health applications
could satisfy consumers’ needs to deal with their health
problems. In contrast, emotional support from doctors and other
consumers using mobile health applications might provide
emotional support and meet consumers’ emotional needs [57].
If mobile health applications cannot afford informational support
and emotional support, consumers’ health needs may not be
satisfied and the evoked negative emotions may make them feel
dissatisfied with using mobile health applications. Summarizing
the reasonings above, we hypothesize:

H4a: Performance attributes, which are characterized
by sociability, informational support, and emotional
support, positively affect consumer satisfaction.

H4b: Performance attributes, which are characterized
by sociability, informational support, and emotional
support, negatively affect consumer dissatisfaction.

With regard to mobility, a basic attribute, which enables
consumers to use mobile health applications anywhere and
anytime, does not just belong to mobile health applications but
also to mobile devices [58]. Given that mobility is shared by
other applications on mobile devices [59], it could be considered
the basic factor behind using mobile health applications.
Therefore, mobility may lead to dissatisfaction if mobile health
applications do not have this attribute. Perceived security is 1
of the key drivers for building trust to use any IT [49]. Although
some mobile health applications do not integrate mobile
shopping functions, and consumers do not suffer any monetary
loss, consumers’ private information may still be subject to
unauthorized access, use, storage, or transmission. Consumers

may require application providers to ensure the security of their
private information in using mobile health applications.
Therefore, perceived security is the basic attribute that may only
affect consumers’ dissatisfaction. With regard to technical
functionality, the technical functions of mobile health
applications, such as response speed, stability, and accessibility,
may define consumers’ usage experience [60], but these
functions are not only specific to mobile health applications but
also crucial for other IT artifacts. Therefore, technical
functionality is a basic attribute and may only influence
consumer dissatisfaction if this attribute does not perform well.
Regarding information quality, the 3 main aspects that define
it are relevance, timeliness, and accuracy of the transmitted
information [61]. The quality of communication from using a
mobile health application depends upon the quality of
information that is transmitted through the mobile health
application [62]. Therefore, information quality also serves as
the basic condition to complete the main purposes of using
mobile health applications and leads to consumer dissatisfaction
if it is absent. Hence, we hypothesize:

H5: Basic attributes, which are characterized by
mobility, perceived security, technical functionality,
and information quality, negatively affect consumer
dissatisfaction.

Methods

Measurement Instrument
The survey method was used in this study to validate our
proposed research model. The measurement instrument was
developed by adapting previously validated scales. The
constructs and items sources are presented in Table 2. All items
were measured on a 7-point Likert scale with anchors ranging
from 1=strongly disagree to 7=strongly agree. In addition, our
study included several control variables that measured
consumers’ characteristics, such as age, gender, education,
length, and frequency of using mobile health applications. The
length of using mobile health applications reflects how long
users have been using mobile health applications, while the
frequency of using mobile health applications indicates how
many times users use mobile health applications per day.
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Table 2. Instrument sources.

SourceConstruct

Pagani and Mirabello [63]Active usage

Taylor and Baker [64]Satisfaction

Babin and Griffin [30]Dissatisfaction

Lavie and Tractinsky [43]Design aesthetics

Srinivasan et al [44]Customization

Sun and Zhang [65]Enjoyment

Animesh et al [56]Sociability

Hong et al [46]Mobility

Liang et al [48]Informational support

Liang et al [48]Emotional support

Ou and Sia [25]Information quality

Ou and Sia [25]Technical functionality

Cheung and Lee [66]perceived security

Since this study was conducted in China and the respondents
were primarily Chinese, we translated the survey into Chinese
using the back-translation method. The English instrument was
first translated into Chinese by 1 bilingual author. Next, another
bilingual author back-translated the Chinese version into
English. The 2 authors then compared the 2 English versions
for inconsistencies. Next, 8 experts of health information
systems and 16 users of mobile applications were interviewed
to identify ambiguous or repetitive items and suggestions
obtained to improve the quality of the survey instrument. Finally,
we revised the questionnaire according to the comments and
suggestions received. The details of the survey instrument are
presented in Multimedia Appendix 3.

Data Collection
The data were collected in China, which is 1 of the largest
mobile markets in the world [67]. The online survey was
conducted by using a paid service from a popular web survey
company in China. The institutional review board of Tongji
Medical College, Huazhong University of Science and
Technology, China, approved our study procedures (no.
2017S319). Through a 3 weeks’ survey in May 2020, we sent
the questionnaire to 782 users of Chinese mobile health
application users through the online survey company randomly
in their users’ pool and obtained a total of 674 responses.
Therefore, the response rate of our survey was 86.2%.

Given we used an online survey, possible issues, including
convenience sample, superrespondents, abnormal respondents,
or common method bias, might have existed. By following the
guidelines of online surveys, we took several actions that are
recommended to ensure data quality [68]. First, our choice of
a paid service of online survey company could deal with the

issue of a convenience sample since the company has users with
diverse backgrounds in different areas. Second, we set screening
questions to ask whether the respondents were actual mobile
health application users, eliminating respondents who may have
produced irrelevant responses. The screening questions included
Do you have mobile health applications in your smartphone or
tablet?How many mobile health applications have you installed
on your smartphone or tablet? Actual users could be identified
by checking whether they were using mobile health applications
according to their answers to these screening questions. Third,
to address the issue of superrespondents who were good at filling
online questionnaires, we eliminated responses with an
unreasonably short time (less than 5 minutes) to finish the
questionnaire. Fourth, we eliminated responses where
respondents did not correctly answer reverse-coded and
attention-trap questions and gave too many same answers for
all questions (more than 90%) in order to eliminate haphazard
responses. A reverse-coded question is negative worded, and
its score needs to be reversed for further data analysis, while an
attention-trap question is easy to be answered with only 1 correct
option. Finally, we conducted procedural remedies to deal with
the common method bias, including randomizing items and
using different response formats [57].

After cleaning the collected data, we were left with 494 complete
and valid responses. In this sample, most of the respondents
were in the age group of 18-30 years, were female (280/494,
56.7%), possessed a college degree, and were familiar with
mobile health applications. The demographic distribution of the
sample in our study is consistent with the China Internet
Network Information Center report of the national profile of
mobile internet users [69]. The specific demographic
information of our final sample is summarized in Table 3.
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Table 3. Demographic information (N=494).

n (%)Characteristics

Age (years)

151 (30.6)18-25

222 (44.9)25-30

121 (24.5)>30

Gender

214 (43.3)Male

280 (56.7)Female

Education

14 (2.8)High school

414 (83.8)College

66 (13.4)Master degree and above

Length of using mobile health applications (years)

11 (2.3)<1

222 (44.9)1-3

261 (52.8)>3

Frequency of using mobile health applications

22 (4.5)Almost 1 time/day

280 (56.7)1-10 times/day

192 (38.8)>10 times/day

Data Analysis
This study used partial least squares (PLS), a technique of
structural equation modeling, to analyze the data. PLS is a
second-generation multivariate causal analysis method and can
analyze complex structural equation models [70]. PLS can also
be applied in exploratory studies and aims at theory building
rather than theory testing. In addition, PLS can model constructs
with either formative or reflective indicators. The analysis was
conducted using SmartPLS 2.0.3M (SmartPLS GmbH) [71].
Following the 2-stage approach suggested by Anderson and
Gerbing [72], we analyzed the measurement model to test
reliability and validity, followed by the analysis of a structural
model to test our research model. To test reliability and validity,
confirmatory factor analysis was conducted, while we
implemented a bootstrapping procedure with PLS to analyze
the structural model. The results of reliability and validity of

our developed measurement instrument and structural model
are presented in the Results section.

Results

Reliability and Validity
The indicators of reliability and validity are summarized in
Tables 4-6. In Table 4, all Cronbach α and composite
reliabilities are >.7, thus demonstrating reliability for all
constructs. The value of the average variance extracted (AVE)
of each construct was >0.5, thus demonstrating good convergent
validity [73]. Based on the results in Tables 5 and 6, each item
loading for its assigned construct was >0.7 and even higher for
other constructs, while the square roots of the AVEs were all
greater than the interconstruct correlations, thus demonstrating
discriminant validity [74]. Hence, we concluded that the quality
of the measurement model is adequate for testing hypothesized
relationships.
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Table 4. Construct reliability and convergent validity.

Cronbach αAVEaComposite reliabilityConstruct

.710.640.84Active usage

.880.800.92Satisfaction

.910.840.94Dissatisfaction

.900.720.93Design aesthetics

.890.900.95Customization

.870.790.92Enjoyment

.860.710.91Mobility

.820.740.89Sociability

.750.800.89Information quality

.800.840.91Informational support

.790.830.91Emotional support

.910.920.96Perceived security

.800.720.88Technical functionality

aAVE: average variance extracted.
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Table 5. Loading and cross-loading.

Techni-
cal func-
tionality

Per-
ceived
security

Emo-
tional
support

Informa-
tional
support

Informa-
tion
quality

Sociabil-
ity

Mobili-
ty

Enjoy-
ment

Cus-
tomiza-
tion

Design
aesthet-
ics

Con-
sumer
dissatis-
faction

Con-
sumer
satisfac-
tion

Active
usage

Construct

0.300.140.300.310.360.410.430.390.130.32–0.370.400.82 aActive us-
age 1

0.350.250.370.350.370.420.430.430.180.35–0.390.440.84 aActive us-
age 2

0.310.190.250.300.350.380.350.400.250.43–0.360.380.73 aActive us-
age 3

0.440.360.370.420.490.520.470.590.300.54–0.550.89 a0.45Con-
sumer sat-
isfaction
1

0.430.390.330.410.530.550.450.670.350.58–0.570.90 a0.46Con-
sumer sat-
isfaction
2

0.420.360.340.380.450.500.390.600.310.57–0.560.89 a0.45Con-
sumer sat-
isfaction
3

–0.41–0.35–0.25–0.32–0.44–0.42–0.43–0.48–0.30–0.470.92 a–0.56–0.44Con-
sumer dis-
satisfac-
tion 1

–0.41–0.36–0.34–0.35–0.44–0.47–0.43–0.48–0.31–0.470.91 a–0.58–0.44Con-
sumer dis-
satisfac-
tion 2

–0.42–0.39–0.34–0.37–0.42–0.44–0.42–0.50–0.27–0.500.92 a–0.58–0.41Con-
sumer dis-
satisfac-
tion 3

0.450.390.310.410.540.460.440.530.430.85 a–0.420.520.41Design
aesthetics
1

0.460.420.370.390.520.460.420.570.400.85 a–0.480.530.42Design
aesthetics
2

0.360.460.180.330.500.430.300.500.450.82 a–0.370.500.33Design
aesthetics
3

0.400.440.200.290.520.450.330.520.460.85–0.380.530.39Design
aesthetics
4

0.500.460.290.370.540.480.430.620.410.86 a–0.520.570.38Design
aesthetics
5

0.260.460.030.110.410.320.210.330.94 a0.47–0.290.310.21Cus-
tomiza-
tion 1

0.300.520.090.160.440.360.250.380.96 a0.49–0.310.360.23Cus-
tomiza-
tion 2

0.460.450.280.410.530.530.480.89 a0.340.60–0.510.640.47Enjoy-
ment 1

J Med Internet Res 2021 | vol. 23 | iss. 12 | e25330 | p.1127https://www.jmir.org/2021/12/e25330
(page number not for citation purposes)

Wang et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Techni-
cal func-
tionality

Per-
ceived
security

Emo-
tional
support

Informa-
tional
support

Informa-
tion
quality

Sociabil-
ity

Mobili-
ty

Enjoy-
ment

Cus-
tomiza-
tion

Design
aesthet-
ics

Con-
sumer
dissatis-
faction

Con-
sumer
satisfac-
tion

Active
usage

Construct

0.420.390.340.420.480.510.440.90 a0.320.58–0.460.610.44Enjoy-
ment 2

0.400.340.290.360.450.460.400.88 a0.320.55–0.440.600.45Enjoy-
ment 3

0.490.200.320.340.430.450.85 a0.430.200.38–0.390.400.42Mobility
1

0.410.190.390.440.370.440.81 a0.410.130.35–0.370.400.41Mobility
2

0.480.210.290.340.440.480.83 a0.380.260.43–0.390.390.44Mobility
3

0.530.190.390.370.470.470.87 a0.440.220.39–0.400.450.43Mobility
4

0.440.330.300.360.500.86 a0.450.520.350.50–0.440.520.46Sociabili-
ty 1

0.430.360.330.400.510.88 a0.480.470.320.48–0.430.510.43Sociabili-
ty 2

0.440.300.350.320.450.84 a0.470.460.260.40–0.380.470.42Sociabili-
ty 3

0.500.450.230.360.89 a0.520.460.480.420.53–0.430.490.40Informa-
tion quali-
ty 1

0.550.400.310.430.89 a0.490.450.500.380.58–0.410.500.40Informa-
tion quali-
ty 2

0.390.240.520.91 a0.390.400.410.430.110.38–0.340.420.39Informa-
tional
support 1

0.410.220.480.91 a0.410.370.400.380.150.40–0.360.400.35Informa-
tional
support 2

0.400.110.92 a0.510.270.350.360.330.050.29–0.310.370.34Emotion-
al support
1

0.360.120.90 a0.480.280.340.390.300.070.30–0.300.330.36Emotion-
al support
2

0.330.96 a0.120.230.450.370.200.430.500.48–0.370.400.21Perceived
security 1

0.330.96 a0.120.260.470.370.250.420.490.50–0.390.390.26Perceived
security 2

0.82 a0.300.350.370.470.450.510.400.270.43–0.360.430.34Technical
function-
ality 1

0.85 a0.290.330.380.520.410.480.390.220.42–0.360.360.32Technical
function-
ality 2

0.87 a0.290.390.370.510.420.470.430.270.46–0.430.420.36Technical
function-
ality 3

aThe square roots of the average variances extracted (AVEs) are in italic.
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Table 6. Discriminant validity of constructs.

Techni-
cal func-
tionality

Per-
ceived
security

Emo-
tional
support

Informa-
tional
support

Informa-
tion
quality

Sociabil-
ity

MobilityEnjoy-
ment

Cus-
tomiza-
tion

Design
aesthet-
ics

Con-
sumer
dissatis-
faction

Con-
sumer
satisfac-
tion

Active
usage

Construct

————————————b0. 80 aActive us-
age

———————————0.90 a0.51Con-
sumer sat-
isfaction

——————————0.92 a–0.62–0.47Con-
sumer dis-
satisfac-
tion

—————————0.85 a–0.520.630.46Design
aesthetics

————————0.95 a0.51–0.320.350.23Cus-
tomiza-
tion

———————0.89 a0.370.65–0.530.700.51Enjoy-
ment

——————0.84 a0.500.250.46–0.460.490.51Mobility

—————0.86 a0.550.560.360.54–0.480.580.51Sociabili-
ty

————0. 89 a0.570.510.550.450.62–0.470.550.45Informa-
tion quali-
ty

———0.91 a0.440.420.440.450.140.42–0.380.450.40Informa-
tional
support

——0.91 a0.550.300.380.410.340.060.32–0.340.390.39Emotion-
al support

—0.96 a0.130.250.480.380.240.440.520.52–0.400.410.25Perceived
security

0.8 5 a0.340.420.440.590.510.570.480.300.51–0.450.480.40Technical
function-
ality

aThe square roots of average variances extracted (AVEs) are in italic.
bNot applicable.

We also examined the possibility of common method bias in
our study. First, we investigated the correlation coefficients
between variables in Table 4 and found that none of the pairs
had a high correlation (r>.90) [75]. Second, we conducted the
Harman single-factor test using principal component analysis
in SPSS Statistics 18.0. In total, 10 factors were extracted, and
the first factor in the unrotated solution explained 39.61% of
the variation, which is <50% [76]. Third, we employed the
marker variable technique to test common method bias [77].
Organizational commitment was chosen as the marker variable
since it was theoretically unrelated to our research model. We

found organizational commitment had no significant effect on
the active usage of mobile health applications (β=.014, P>.05).

Hypotheses Testing
The descriptive statistics of variables in our research model are
presented in Table 7. The results of structural model analysis
are summarized in Figure 2. The results reveal that both
consumer satisfaction (β=.351, t=6.299, P<.001) and
dissatisfaction (β=–.251, t=5.119, P<.001) significantly
influence consumers’active usage of mobile health applications,
thus supporting H1 and H2. This implies that the 3-factor theory
is a useful theoretical perspective for predicting consumers’
active usage of mobile health applications.
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Table 7. Descriptive statistics of variables.

Mean (SD)Construct

6.00 (0.83)Active usage

5.90 (0.78)Satisfaction

2.07 (0.80)Dissatisfaction

5.70 (0.86)Design aesthetics

4.93 (1.20)Customization

5.91 (0.77)Enjoyment

6.04 (0.84)Mobility

5.95 (0.82)Sociability

5.46 (1.06)Information quality

6.12 (0.72)Informational support

6.39 (0.67)Emotional support

5.21 (1.27)Perceived security

5.91 (0.81)Technical functionality

Figure 2. Structural model analysis results.

As a second-order formative construct, excitement attributes
(β=.525, t=12.861, P<.001) were revealed to significantly
influence consumer satisfaction. Therefore, H3 is supported.
Moreover, the corresponding first-order constructs, including
design aesthetics, customization, and enjoyment, together

comprised excitement factors. With regard to performance
attributes, the results also show that they influence both
consumer satisfaction (β=.297, t=6.508, P<.001) and
dissatisfaction (β=–.231, t=3.729, P<.001) significantly.
Therefore, H4a and H4b are supported. Meanwhile, the
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corresponding first-order constructs, including sociability,
informational support, and emotional support, are necessary
components of performance factors. With regard to basic
attributes (β=–.412, t=7.132, P<.001), which include mobility,
perceived security, technical functionality, and information
quality, they were found to have a significant influence over
consumer dissatisfaction. Therefore, H5 is supported. These
results showed that the categorization of basic factors is valid.
Finally, the effect of control variables was considered. Only the
length of using mobile health applications was significantly
associated with active usage of mobile health applications.

Discussion

Principle Findings and Implications
In this study, we identified 10 attributes of mobile health
applications that would influence people’s active usage. Based
on the 3-factor theory, we divided the attributes into 3 categories
to correspond to 3 factors, namely excitement attributes,
performance attributes, and basic attributes. Excitement and
performance attributes are assumed to significantly affect
consumer satisfaction, while performance and basic attributes
are supposed to significantly impact consumer dissatisfaction.
Both consumer satisfaction and dissatisfaction would influence
active usage of mobile health applications. Excitement attributes
include design aesthetics, customization, and enjoyment;
performance attributes include sociability, informational support,
and emotional support; and basic attributes include mobility,
perceived security, technical functionality, and information
quality. To validate the categorization and the effect of attributes
on active usage of mobile health applications, we used the
survey method and analyzed the data using the PLS technique.
The empirical results confirmed our hypothesized differential
effects of the 3 attributes on consumer satisfaction and
dissatisfaction and then on the active usage of mobile health
applications. Meanwhile, all the first-order constructs were also
found to be significantly linked to their corresponding
second-order constructs. Therefore, the feasibility and validity
of the 3-factor theory were manifested in our study. The
interestingness and uniqueness of our findings in terms of
theoretical and practical implications are further discussed.

From a theoretical perspective, we made several contributions.
First, we contributed to health information system usage and
adoption literature by studying the active usage of mobile health
applications, thus uncovering insights into the use or adoption
of mobile health applications. Since most studies do not consider
active usage of mobile health applications, as was done in this
paper [18,19], considering the importance of active usage toward
the effectiveness of mobile health applications, the results of
this paper provide a better and deeper understanding of mobile
health application adoption and usage.

Second, we also contributed to health information system usage
and adoption literature by identifying several influential
attributes of active usage of mobile health and categorizing
them based on the framework of the 3-factor theory. Previous
literature focuses little on the effects of attributes of mobile
health applications. This study not only identifies the underlying
attributes but also distinguishes the different roles of various

attributes of active usage of mobile health applications based
on the 3-factor theory. For example, excitement and performance
attributes can drive the active usage of mobile health
applications, whereas performance and basic attributes could
impede the active usage of mobile health applications.
Moreover, the study results also reveal a valid categorization
of identified attributes.

Third, we contributed to health information system usage and
adoption literature by studying the active usage of mobile health
applications. Previous studies of active usage of information
systems have focused on mobile instant messaging [20], social
media [21], or online communities [78-80], a few of them
revealing factors driving active usage of mobile health
applications. Therefore, our study enriches the literature of
active usage of health information systems. At the same time,
our study reflects the characteristics of the active usage of
mobile health applications by exploring the unique attributes
that lead to active usage, such as informational support and
emotional support.

Finally, we contributed to the 3-factor theory literature by
extending it to the context of mobile health applications. The
previous literature mainly applies the 3-factor theory in contexts
such as website design or telecom service [25,27], while our
study validates the feasibility of the 3-factor theory in the mobile
health context. Meanwhile, based on the 3-factor theory, we
propose both satisfaction and dissatisfaction as mediators
between the antecedents of the usage of mobile health
applications and active usage of mobile health applications. Our
result provides further support for the distinctiveness between
satisfaction and dissatisfaction.

From the practical perspective, this study will help policymakers
and medical providers identify active users by using our
measurement items of active usage of mobile health applications.
For example, the time spent in using mobile health applications,
the usage frequency, and some traces of consumers’ usage
behavior, such as the volume of consumer-generated content in
mobile health applications, could be used to compose some
indices to locate active users. The thresholds for spending time,
usage frequency, generated content, or other tracks could be set
to decide who are active users and who are passive users. After
identifying the different usage status of different users,
policymakers and medical providers could use corresponding
strategies to promote the engagement of different users in using
mobile health applications.

This study empirically identifies attributes that could be useful
for predicting consumers’ active usage of mobile health
applications and help policymakers and application designers
promote proper mobile health applications for consumers. For
example, to improve consumers’ usage, mobile health
applications should focus on excitement attributes and
performance attributes, including design aesthetics,
customization, enjoyment, sociability, informational support,
and emotional support on the premise that mobility, information
quality, perceived security, and technical functionality of the
mobile health applications are acceptable.

Finally, because consumer satisfaction and dissatisfaction both
influence active usage, practitioners should not only emphasize
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consumer satisfaction in using mobile health applications but
also reduce consumer dissatisfaction from using mobile health
applications. Once a consumer feels dissatisfied with using any
aspect of a mobile health application, they may become a passive
user from being an active user. If they continue to remain
dissatisfied with using the mobile health application, and the
barriers to switching are low, then they may switch to other
mobile health applications.

Limitations and Future Research
The results of this study could be interpreted in light of its
limitations. First, although we identified several antecedents of
mobile health application usage, the explained variances of
active usage of mobile health applications still have the potential
to be improved. Our literature review of mobile health
application usage and adoption revealed that social, personal,
and motivational factors could influence mobile health
application usage and adoption, whose effects on active usage
of mobile health applications are worth to be examined. Future
studies may examine other factors to better understand
consumers’ active usage.

Second, the generalizability may be restricted because our
sample was restricted to Chinese consumers. In China, the most
popular mobile health application is Ping An Good Doctor [5],
but in other countries, other mobile health applications, such as
Pedometer in Sweden [78] or Samsung Health in the United
States [79], are leading. There are differences between mobile

health applications in different countries. Future studies may
conduct cross-country comparisons to better generalize the
results of this study.

Finally, our study was mainly a cross-sectional one, where
constructs are measured at the same point of time. However,
since consumer behavior and mobile health applications are
both dynamic, the results may change over time. Therefore, the
cross-sectional method may not reflect the dynamics of mobile
health application usage. A longitudinal study with a
multimethod approach may help address this issue.

Conclusion
In this study, we explored the factors influencing consumers’
active usage of mobile health applications based on the 3-factor
theory. According to the 3-factor theory, we focused on the
attributes of mobile health applications and divided them into
3 categories: excitement, performance, and basic. The 3
categories of attributes are assumed to influence the active usage
of mobile health applications through consumer satisfaction
and dissatisfaction. The proposed relationships were validated
by using a survey method. The analysis results not only imply
that consumer satisfaction and dissatisfaction are independent
from each other, but also confirm the categorization of attributes
for active usage of mobile health applications. Meanwhile, our
study could inspire designers and policymakers to make patients
actively use mobile health applications.
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Abstract

Background: Attempts to use virtual reality (VR) as a treatment for various psychiatric disorders have been made recently, and
many researchers have identified the effects of VR in psychiatric disorders. Studies have reported that VR therapy is effective in
social anxiety disorder (SAD). However, there is no prior study on the neural correlates of VR therapy in patients with SAD.

Objective: The aim of this study is to find the neural correlates of VR therapy by evaluating the treatment effectiveness of VR
in patients with SAD using portable functional near-infrared spectroscopy (fNIRS).

Methods: Patients with SAD (n=28) were provided with 6 sessions of VR treatment that was developed for exposure to social
situations with a recording system of each participant’s self-introduction in VR. After each VR treatment session, the first-person
view (video 1) and third-person view (video 2) clips of the participant’s self-introduction were automatically generated. The
functional activities of prefrontal regions were measured by fNIRS while watching videos 1 and 2 with a cognitive task, before
and after whole VR treatment sessions, and after the first session of VR treatment. We compared the data of fNIRS between
patients with SAD and healthy controls (HCs; n=27).

Results: We found that reduction in activities of the right frontopolar prefrontal cortex (FPPFC) in HCs was greater than in the
SAD group at baseline (t=–2.01, P=.049). Comparing the frontal cortex activation before and after VR treatment sessions in the
SAD group showed significant differences in activities of the FPPFC (right: t=–2.93, P<.001; left: t=–2.25, P=.03) and the
orbitofrontal cortex (OFC) (right: t=–2.10, P=.045; left: t=–2.21, P=.04) while watching video 2.

Conclusions: Activities of the FPPFC and OFC were associated with symptom reduction after VR treatment for SAD. Our
study findings might provide a clue to understanding the mechanisms underlying VR treatment for SAD.

Trial Registration: Clinical Research Information Service (CRIS) KCT0003854; https://tinyurl.com/559jp2kp

(J Med Internet Res 2021;23(12):e31844)   doi:10.2196/31844
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Introduction

Social anxiety disorder (SAD) is a common psychiatric disease,
with 8.4%-15% of the population worldwide diagnosed with it
[1]. According to the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-5), SAD is characterized
by fear or anxiety in situations in which people receive negative
attention from others [2]. Individuals with SAD avoid social
situations and have difficulties in maintaining interpersonal
relationships, with serious impairment in academic,
occupational, and social functions [3]. Comorbidities, such as
depressive disorders, anxiety disorders, substance use disorder,
obsessive compulsive disorder, and avoidant personality
disorder, typically accompany SAD. Moreover, patients are
likely to be single and unemployed and develop suicidal ideas,
low self-esteem and a low quality of life, and chronic illnesses
without treatment [4,5].

Effective pharmacological agents for SAD treatment include
selective serotonin reuptake inhibitors, serotonin and
norepinephrine reuptake inhibitors, benzodiazepines, and
beta-adrenergic antagonists. Furthermore, nonpharmacological
therapies, such as cognitive behavior therapy (CBT) or social
skill training, and a combination of pharmacological and
nonpharmacological therapies are considered treatment
modalities [6-8]. Although these treatments are effective,
patients with SAD may be reluctant to receive psychiatric
medication, have difficulty in visiting the treatment room, and
drop out of treatment to avoid social situations or spatial
constraints. Thus, patients may not actively participate in
treatments [9,10].

To overcome the limitations of conventional therapeutics, digital
intervention strategies, such as virtual reality (VR), that
incorporate advanced technology into conventional therapies
have been developed. Since the 1990s, VR has been used in
various clinical treatments in medicine. However, initially, it
could not reproduce reality well due to technical limitations,
but with gradual developments in digital technologies, such as
graphics and sounds, the treatment effects of realistic VR have
improved considerably [11-13].

Since Rothbaum et al [14] reported the effects of progressive
exposure therapy using VR in acrophobia, many studies have
reported the effects of VR in various psychiatric disorders, such
as specific phobia, posttraumatic stress disorder, SAD, attention
deficit hyperactivity disorder, autism spectrum disorder,
schizophrenia, depressive disorders, anxiety disorders, eating
disorders, addiction, and mild cognitive impairment [13,15-19].
VR therapy has numerous advantages because it enables
self-directed treatment at home or in locations where the patient
feels comfortable. Furthermore, VR motivates patients toward
treatment, mitigating the limitations of conventional therapist-led
therapy [15,20,21]. VR can depict various social situations that
cannot be reproduced in real treatment spaces because of spatial
or human constraints and allows modification of patient
treatment for specific situations [22].

Although VR treatment for SAD has attracted considerable
attention, it is still a novel treatment modality. Pertaub et al [23]
identified that social anxiety can be induced by virtual situations,
which yielded results similar to conventional exposure therapy.
Robilard et al [24] reported improved detection of anxiety
symptoms with VR-CBT in patients with SAD. Randomized
controlled trials have reported the effects of VR exposure
therapy in patients with SAD [25-27]. However, limited clinical
studies have been performed for investigating the effectiveness
of VR treatment, and most studies have only identified
effectiveness based on psychological assessments that relied
on patients’ subjective expressions [28].

In this study, we designed an advanced therapeutic tool
compared with existing VR treatments. During the sessions, the
participants’ own voices were recorded, and scenes were
constructed with the participants’self-introduction in first person
and third person to introduce participatory and interactive
features that could be used therapeutically. The use of this VR
program for measuring the psychological scale changes in
patients with SAD has been reported earlier in a study [29]. In
this study, we examined changes and responses in brain frontal
region activities using functional near-infrared spectroscopy
(fNIRS). fNIRS can be used to examine the functional activity
in certain areas of the brain by measuring changes in the
concentrations of oxygenated hemoglobin (HbO2) and
deoxygenated hemoglobin (HbR) in brain tissue to assess
neurological activation. fNIRS is safe, portable, and easy to use
compared with neuroimaging tools such as functional magnetic
resonance imaging (fMRI) [30]. Previous neuroimaging studies
have reported changes in the medial prefrontal cortex (MPFC),
ventrolateral prefrontal cortex (VLPFC), amygdala, anterior
cingulate cortex (ACC), and posterior cingulate cortex (PCC)
in SAD. The changes in the prefrontal cortex (PFC) were
reported before and after VR therapy and during treatment [31].

The purpose of this study is to identify the neural correlates of
symptom improvement after VR treatment in SAD based on
the efficacy of the VR program reported previously [29]. We
used VR-derived video clips with first- or third-person
interviews to observe changes in brain activity. The neural
correlates of symptom improvement after VR treatment in
patients with SAD were studied by analyzing and assessing
changes in neuronal activities using fNIRS compared with
healthy controls (HCs).

Methods

Study Participants
In total, 40 patients with SAD and 34 HCs matched for age,
sex, and handedness were enrolled in the study. After data
quality verification with fNIRS, we included 28 patients (19
[68%] women) diagnosed with primary SAD and 27 HCs (13
[48%] women) in the study. The SAD and HC groups were
recruited from universities through online advertisements on
bulletin boards. The inclusion criteria for the SAD group were
as follows:
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• Korean-speaking men or women aged between 19 and 31
years

• Satisfy DSM-IV criteria for SAD according to the
Mini-International Neuropsychiatric Interview (MINI; a
psychiatrist conducted MINI to select the SAD and HC
groups in this study) [32]

• Psychotropic medication–naive patients without psychiatric
comorbidities (excluding depressive and panic disorders)

• Patients not undergoing psychotherapy
• Patients without a history of neurological disorders
• Patients without a history of psychotic symptoms upon VR

exposure
• Patients who experience epilepsy and are not vulnerable to

visual stimuli

The exclusion criteria were as follows:

• History of intellectual disability or organic brain damage
• Individuals who experience psychotic symptoms upon VR

experiences
• People vulnerable to visual stimuli
• People who are unsuitable for participation in fNIRS

research (eg, people who cannot sustain the fNIRS test
because of discomfort or anxiety in wearing fNIRS
equipment or experiences of side effects, such as headache)

The HC group did not have preexisting neurological or
psychiatric conditions. The Korean Social Avoidance and
Distress (K-SAD) scale was prepared using an online
questionnaire, and patients with a score of 82 or above were
enrolled in the SAD group. All participants provided informed
written consent after explanation of the study procedures and
were required to pass an fNIRS scanning safety eligibility test.
The study was approved by the Korea University Anam Hospital
institutional review board (IRB no. 2018AN0377). The study

was conducted in accordance with the Declaration of Helsinki
ethical principles.

VR Therapy for SAD
An overview of the participatory VR treatment for SAD is
available in previous reports [29,33]. Here, a similar
participatory VR program was used for the treatment of patients
with SAD. The VR program had an introduction, a core, and a
finishing phase, with 3 levels depending on the difficulty of the
core phase. In the introductory phase, participants learned how
to use VR for relaxation and meditation. During the core phase,
virtual situations were set up. In these virtual setups, several
participants met to perform team tasks. Participants were
exposed to social situations and introduced themselves to an
audience. The level of difficulty was gradually increased, and
participants were required to engage in discussions, and the
activities were repeated. Each video clip was recorded in first-
and third-person views [34]. The mirroring techniques in
treatment were modified, and a hybrid treatment was used in
the study. Namely, we attempted to maximize the effectiveness
of treatment by consulting or discussing with participants by
reconfirming VR treatment performed by themselves from the
first- and third-person views. Each participant underwent 6
sessions of the treatment program. Participants were allowed
to select the difficulty level of the program according to their
comfort level after the first session. The researchers supervised
each session to ensure the safety of the participants. The
psychological scales were evaluated before the commencement
of the VR program and after its completion. When the
participants were watching the video clip in first and third
person, we measured neuronal activities in the desired brain
regions using fNIRS before VR treatment initialization and after
the first and sixth sessions (Figure 1).
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Figure 1. Overall schematic structure of the study. Patients with SAD and HCs were enrolled in a participatory and interactive VR treatment study.
The HC group implemented fNIRS once by watching first- and third-person-view video clips at baseline. The SAD group implemented fNIRS 3 times
in total at baseline, after the first and sixth sessions of VR treatment. fNIRS: functional near-infrared spectroscopy; HC: healthy control; SAD: social
anxiety disorder; VR: virtual reality.

Clinical Symptom Assessments
The clinical symptoms of the participants were assessed using
psychological scales. Subjects with SAD were scanned in 2
testing sessions, before and after VR therapy. We reported an
analysis of psychological scale changes to evaluate the
effectiveness of VR therapy for patients with SAD [29]. In this
study, we studied the correlation between fNIRS results and
psychological scales. Diagnostic assessment was measured
using MINI [31]. Additionally, for social anxiety, we considered
the Korean version of the Beck Anxiety Inventory (BAI) [35],
and State-Trait Anxiety Inventory-X (STAI-X) [36]. Moreover,
the Internalized Shame Scale (ISS) [37], the Post-Event
Rumination Scale (PERS) [38], the Korean version of the Social
Phobia Scale (K-SPS) [39], and the Korean version of the Social

Interaction Anxiety Scale (K-SIAS) [39] were evaluated. Next,
we also incorporated the Brief-Fear of Negative Evaluation
(BFNE) scale [40], the K-SAD scale [41], and the Liebowitz
Social Anxiety Scale (LSAS) [42].

For the HC group, fNIRS was evaluated once, whereas for the
SAD group, it was measured 3 times (at baseline, after the first
VR session, and after the sixth VR session). In each
measurement, a 2-back task was conducted between the first-
and third-person versions. We used a procedure similar to
Wagner’s task [43]. Working memory in the SAD group was
studied previously using the N-back task, in which the SAD
group exhibited lower accuracy and longer response times than
the HC group [44]. Similarly, cognitive function was assessed
using the N-back task, which measured working memory. To
provide human-recorded first- and third-person views, fNIRS
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was performed before and after the N-back operation to predict
the expected therapeutic effect of VR-based psychotherapy.
The 2-back task required the participants to determine whether
the current stimulus was similar to the stimulus presented earlier
in the trials. The task paradigm was composed of a block design
that was repeated 3 times with alternate rest and task periods
of 30 seconds.

fNIRS Data Analysis
The fNIRS system (NIRSIT, OBELAB Inc., Seoul, Republic
of Korea), which monitors activation in the PFC, is a portable,
wireless, wearable, and multichannel (48 channels) brain
imaging system that covers the entire forehead. Wavelengths
of 780 and 850 nm were used, and 48 regions of light source
and detectors separated by 3 cm were considered. The weight
of the device is 550 g, and the sampling rate is 8.138 Hz. To
remove high-frequency noise due to environmental artifacts and
low-frequency noise due to the blood circulation in the body,
the fNIRS signal was filtered using a bandpass filter with a
cutoff frequency of 0.005-0.1 Hz. Considering the
signal-to-noise ratio, the signal quality of each channel was
evaluated after filtering, and values less than 30 dB were
eliminated as unreliable.

Using the wavelength-dependent hemoglobin absorption
coefficient and differential path length coefficient, the modified
Beer-Lambert law was applied to the filtered signal, and changes
in oxyhemoglobin (ΔHbO2) [45] and deoxyhemoglobin (ΔHbR)
concentrations were extracted [46]. To account for the
time-dependent change in hemodynamics, baseline correction
was performed by subtracting the average from the calculated
change in the oxygen concentration. Next, based on the Montreal
Institute of Neurology standardization space (ICBM152), all
48 channels were grouped into 8 regions. After grouping each
region of the PFC, the rejected channels identified during the
channel rejection process were filled with the average ΔHbO2

of the channels allowed within each region.

Statistical Analysis
The mean and standard deviation of demographic data, such as
age and educational year, were calculated for both groups. After
evaluating the variance equality through the Levene test, the
difference in ΔHbO2 between the HC and SAD groups was
analyzed by conducting an independent t test. One-way repeated
ANOVA and post hoc analysis were conducted to understand
subject variation in the SAD group from baseline. After the first
and sixth VR sessions, the Box test for equivalence check and
the Mauchly test of sphericity were conducted to analyze fNIRS
data. Data processing was performed using the NIRSIT package
in MATLAB (version 2019b; MathWorks Inc., Natick, MA,
USA). Finally, we used the Pearson correlation coefficient to
identify the relationship between psychological scale scores
and area-specific changes in brain activation. Additional
statistical analyses were performed using IBM SPSS Statistics
21 (SPSS Inc., Chicago, IL, USA), where the criterion for
statistical significance was set at P<.05.

Results

Demographic Data
In this study, we analyzed the data from 28 patients with SAD
and 27 people in the HC group. The mean age (SD) for patients
with SAD were 23.74 (3.55) years, and for the HC group, they
were 23.18 (3.27) years. The mean (SD) educational years for
the SAD and HC groups were 15.00 (1.88) and 14.63 (1.37),
respectively. No difference was observed between the groups
in terms of age and years of education.

The mean (SD) K-SAD scores were 106.68 (15.33) for the SAD
group and 48.93 (17.10) for the HC group. Significant
differences were observed in the severity of SAD symptoms
(Table 1).
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Table 1. Demographic and clinical data between SADa patients and HCsb.

HCsPatients with SADDemographic and clinical data

27 (14 [52%]/13 [48%])28 (9 [32%]/19 [68%])Gender, n (%) male/n (%) female

23.18 (3.27)23.74 (3.55)Age in years, mean (SD)

14.63 (1.37)15.00 (1.88)Education years, mean (SD)

48.93 (17.10)106.68 (15.33)K-SADc scored, mean (SD)

35.48 (7.81)49.21 (10.17)STAI-Se scored, mean (SD)

34.19 (7.19)53.21 (10.30)STAI-Tf scored, mean (SD)

15.22 (9.74)51.86 (16.70)ISSg scored, mean (SD)

27.74 (7.35)44.39 (8.91)BFNEh scored, mean (SD)

32.81 (11.61)46.96 (8.34)PERSi scored, mean (SD)

13.96 (10.56)38.86 (12.66)LSASanxj scored, mean (SD)

aSAD: social anxiety disorder.
bHC: healthy control.
cK-SAD: Korean Social Avoidance and Distress.
dP<.01.
eSTAI-S: State-Trait Anxiety Inventory-State.
fSTAI-T: State-Trait Anxiety Inventory-Trait.
gISS: Internalized Shame Scale.
hBFNE: Brief-Fear of Negative Evaluation.
iPERS: Post-Event Rumination Scale.
jLSASanx: Liebowitz Social Anxiety Scale-anxiety.

Psychological Scale Scores of SAD and HC Groups
In this study, the scores of the SAD group were considerably
higher than those of the HC group for all the tested scales that
assessed associated anxiety symptoms (Table 1). In the SAD
group, after VR treatment, the scores on the psychological scales
for the SAD group decreased in all cases except 2, namely
STAI-S (subscale of STAI, P=.11) and the Liebowitz Social
Anxiety Scale-anxiety (LSASanx, subscale of LSAS, P=.16).
(In a previous paper, we detailed the psychological scales used
in the study and their purposes of assessment. Furthermore, we
previously reported the changes in psychological scales
according to VR treatment [29]).

Baseline PFC Activity in SAD and HC Group Measure
Using fNIRS
We conducted fNIRS measurements for study participants before
VR treatment to analyze brain activity in each region of the
PFC, such as the dorsolateral prefrontal cortex (DLPFC), the
VLPFC, the frontopolar prefrontal cortex (FPPFC), and the
orbitofrontal cortex (OFC); see Figure 2. Brain activities among
the SAD and HC groups were compared. A reduction in
activation was measured by viewing first-person video clips
(video 1), especially in the right FPPFC (P<.05). However, a
negligible difference was observed between the two groups
when the 2-back task was executed, and video clips in the third
person were used for the treatment program (video 2). Next,
while executing the 2-back task, activations in the left-brain
areas of the HC group were lower than those of the SAD group,
but the difference was not significant (Table 2).
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Figure 2. Activity of the PFC in the HC and SAD groups measured by fNIRS at baseline. When fNIRS was performed while both groups watched
video 1, the activity of the right FPPFC was more decreased in the SAD group than in the HC group (P<.05). However, when implementing the 2-back
task and watching video 2, there was no significant difference in the activity of the PFC between both groups. fNIRS: functional near-infrared spectroscopy;
FPPFC: frontopolar prefrontal cortex; HC: healthy control; PFC: prefrontal cortex; SAD: social anxiety disorder.
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Table 2. Comparison of the activation of the PFCa measured by fNIRSb between SADc patients and HCsd at baseline.

P valuedftPFC region

Video 1

.0753–1.8358DLPFCe (Rf)

.3253–0.9965VLPFCg (R)

.049 i53–2.0141FPPFCh (R)

.6853–0.4206OFCj (R)

.1453–1.5172DLPFC (Lk)

.3253–0.9989VLPFC (L)

.1353–1.5577FPPFC (L)

.1053–1.6796OFC (L)

2-back task

.8653–0.1724DLPFC (R)

.73530.3430VLPFC (R)

.5753–0.5709FPPFC (R)

.95530.0677OFC (R)

.0653–1.9085DLPFC (L)

.0853–1.7692VLPFC (L)

.0753–1.8762FPPFC (L)

.0753–1.8244OFC (L)

Video 2

.81530.2410DLPFC (R)

.87530.1600VLPFC (R)

.50530.6791FPPFC (R)

.7653–0.3050OFC (R)

.9253–0.1003DLPFC (L)

.2053–0.2931VLPFC (L)

.61530.5063FPPFC (L)

.8453–1.8244OFC (L)

aPFC: prefrontal cortex.
bfNIRS: functional near-infrared spectroscopy.
cSAD: social anxiety disorder.
dHC: healthy control.
eDLPFC: dorsolateral prefrontal cortex.
fR: right side.
gVLPFC: ventrolateral prefrontal cortex.
hFPPFC: frontopolar prefrontal cortex.
iP values in italics are significant (P<.05).
jOFC: orbitofrontal cortex.
kL: left side.

Changes in PFC Activity in SAD After VR Treatment
Using fNIRS
We compared the brain activities measured by fNIRS (1) at
baseline with those obtained after the first and sixth sessions of
treatment in patients with SAD and (2) those obtained after the

first session with those obtained after the sixth session. We
observed significant differences in the right FPPFC (P=.01) and
OFC (P=.045) and the left FPPFC (P=.03) and OFC (P=.04)
when the treatment plan included video 2 for patients with SAD
(Table 3 and Figure 3).
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Table 3. Comparison of the activation of the PFCa measured through fNIRSb before and after VRc treatment in SADd patients.

Baseline vs session 6Baseline vs session 1dfPFC region

P valuetP valuet

Video 1

.70–0.3951.780.285527DLPFCe (Rf)

.50–0.6768.98–0.027927VLPFCg (R)

.22–1.2572.69–0.407127FPPFCh (R)

.14–1.5350.06–1.941327OFCi (R)

.48–0.7083.44–0.776727DLPFC (Lj)

.14–1.5250.07–1.858527VLPFC (L)

.33–0.9972.39–0.875827FPPFC (L)

.70–0.3891.91–0.116527OFC (L)

2-back task

.570.5698.251.163027DLPFC (R)

.321.0058.091.764327VLPFC (R)

.241.1983.370.909127FPPFC (R)

.02 k2.4581.081.793927OFC (R)

.740.3295.810.246627DLPFC (L)

.640.4685.330.983027VLPFC (L)

.460.7516.750.327227FPPFC (L)

.052.0201.101.724527OFC (L)

Video 2

.10–1.7163.08–1.797327DLPFC (R)

.20–1.3256.21–1.285627VLPFC (R)

.007 l–2.9260.004 l–3.182127FPPFC (R)

.045 k–2.0984.009 l–2.801427OFC (R)

.08–1.8464.07–1.880727DLPFC (L)

.15–1.4879.36–0.924927VLPFC (L)

.03 k–2.2514.028 k–2.320527FPPFC (L)

.035 k–2.2136.015 k–2.605027OFC (L)

aPFC: prefrontal cortex.
bfNIRS: functional near-infrared spectroscopy.
cVR: virtual reality.
dSAD: social anxiety disorder.
eDLPFC: dorsolateral prefrontal cortex.
fR: right side.
gVLPFC: ventrolateral prefrontal cortex.
hFPPFC: frontopolar prefrontal cortex.
iOFC: orbitofrontal cortex.
jL: left side.
kP values in italics are significant (P<.05).
lP values in italics are significant (P<.01).
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Figure 3. Activity of the PFC of patients with SAD at baseline, after the first VR session and after the sixth VR session. Comparing between baseline
and after the first VR session, when watching video 2, there were significant differences in activity in the right FPPFC (P<0.01) and OFC (P<0.01) and
in the left FPPFC (P<0.05) and OFC (P<0.05). Comparing between baseline and after the sixth VR session, when watching video 2, there were significant
differences in activity in the right FPPFC (P<0.01) and OFC (P<0.05) and in the left FPPFC (P<0.05) and OFC (P<0.05). When patients with SAD
were performing the 2-back task, there was a significant difference in activity in the right OFC (P<0.05) between baseline and after the sixth VR session.
There was no significant difference in PFC activity when watching video 1. FPPFC: frontopolar prefrontal cortex; OFC: orbitofrontal cortex; PFC:
prefrontal cortex; SAD: social anxiety disorder; VR: virtual reality.

Correlations Between Brain Activities and
Psychological Scale Results
We analyzed the correlations between psychological scales and
brain activities through fNIRS before and after VR treatment
in patients with SAD. The STAI-S scores showed significant
correlations with the activities of the right and left FPPFC, the
right and left OFC, and the left DLPFC. Furthermore, the
STAI-T scores were significantly correlated with the right and
left OFC, and the ISS was significantly correlated with the right
and left FPPFC and the right and left OFC in video 1. We also

determined that STAI-S scores were significantly correlated
with the right and left VLPFC, the right FPPFC, and the left
DLPFC; the ISS was significantly correlated with the right and
left DLPFC, the left VLPFC, the right and left FPPFC, and the
right and left OFC; and the BFNE was significantly correlated
with the right VLPFC in video 2. IN addition, PERS was
significantly correlated with the right OFC, the K-SAD scale
was significantly correlated with the left OFC, and LSASanx
was significantly correlated with the right DLPFC, VLPFC,
FPPFC and the right and left OFC while executing the 2-back
task (Table 4).
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Table 4. Correlations between brain activities and results of psychological scales.

OFC

(L)

FPPFC

(L)

VLPFC

(L)

DLPFC

(Lf)

OFCe

(R)

FPPFCd

(R)

VLPFCc

(R)

DLPFCa

(Rb)

Psychological scale

Video 1

–.082–.120–.153–.191–.149–.161–.103–.162BAIg

–.483i–.466j–.304–.436j–.527i–.550i–.199–.321STAI-Sh

–.393j–.296–.241–.259-.414 j–.329–.097–.109STAI-Tk

–.439j–.399j–.191–.307–.400j–.388j–.175–.297ISSl

–.070.031–.038–.032.075.213.086.075PERSm

–.060–.113–.009–.088–.117–.117.053–.060SPSn

.132.131.083.144.090.092.127.152SIASo

.269.226.135.272.350.188.208.221BFNEp

.227.116.187.132.246–.023.098.086K-SADq

–.141–.191–.133–.159–.028–.179–.221–.172LSASanxr

–.059–.015–.008–.035.022–.021–.097–.073LSASavos

2-back task

.122.097.014.099.003.067–.035.172BAI

.065.168–.182.044.089.144–.082.192STAI-S

.052.112–.022.078.090.153–.039.170STAI-T

–.027.312–.096–.014.037.258.164.032ISS

–.187–.318–.106–.091–.426j–.274–.322–.355PERS

–.280.026–.136.082–.269–.028–.360–.155SPS

–.340–.252–.107–.014–.375–.237–.312–.095SIAS

–.255.103–.161–.171–.184–.003.054–.102BFNE

–.377j–.115–.133–.009–.230–.178–.182–.027K-SAD

–.474j–.338–.232–.230–.443j–.395j–.375j–.457jLSASanx

–.369–.284–.192–.252–.335–.303–.240–.312LSASavo

Video 2

.118.074.071.051.146.099.096.115BAI

–.357–.325–.460j–.482i–.234–.382j–.402j–.359STAI-S

–.181–.136–.230–.257–.035–.147–.157–.091STAI-T

–.381j–.432j–.381j–.452j–.403j–.426j–.357–.413jISS

.039–.052.062.036–.002.081–.040–.013PERS

.168.089.007.048.020–.002.027.041SPS

.174.060.103.068–.062–.114–.091–.015SIAS

.234.208.370.347.175.183.484 i.363BFNE

.011–.028.072.039–.072–.148.013.057K-SAD

–.040–.109–.096–.149–.038–.162–.127–.062LSASanx

.024–.047.044–.018–.009–.059–.007.045LSASavo

aDLPFC: dorsolateral prefrontal cortex.
bR: right side.
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cVLPFC: ventrolateral prefrontal cortex.
dFPPFC: frontopolar prefrontal cortex.
eOFC: orbitofrontal cortex.
fL: left side.
gBAI: Beck Anxiety Inventory.
hSTAI-S: State-Trait Anxiety Inventory-State.
iP values in italics are significant (P<.01).
jP values in italics are significant (P<.05).
kSTAI-T: State-Trait Anxiety Inventory-Trait.
lISS: Internalized Shame Scale.
mPERS: Post-Event Rumination Scale.
nSPS: Social Phobia Scale.
oSIAS: Social Interaction Anxiety Scale.
pBFNE: Brief-Fear of Negative Evaluation.
qK-SAD: Korean Social Avoidance and Distress.
rLSASanx: Liebowitz Social Anxiety Scale-anxiety.
sLSASavo: Liebowitz Social Anxiety Scale-avoidance.

Discussion

Principal Findings
To the best of our knowledge, this study is the first to determine
the effects of VR therapy on SAD by using fNIRS
measurements. From this study, we found that changes in
activity in specific brain regions, such as the FPPFC and OFC,
are closely related to VR treatment. In addition, we developed
a VR program to enhance the efficacy of the treatment by
creating first- and third-person views of exposure situations. In
the first-person view, the patients directly present content to an
audience, and in the third-person view, the patients visualize
themselves speaking to an audience objectively.

The effects of VR treatment on patients with SAD were studied
by measuring the changes in PFC brain activity using fNIRS.
We were able to find that the activation of the right FPPFC was
higher in the SAD group than in the HC group when watching
video 1. This can be understood in a similar context as the blood
flow of the MPFC decreases in situations in which anxiety is
predicted in healthy individuals [47,48]. A positron emission
tomography (PET) study reported that the blood flow in the
right DLPFC, left inferior temporal cortex, and left
amygdaloid-hippocampal region increases in patients with SAD
[48]. However, using fNIRS analysis, we did not observe any
difference in activation between the right DLPFC among the
study groups. Previously, an fNIRS scan revealed that the
activation change in the VLPFC in patients with SAD was less
than that in the HC group during a verbal fluency task [49].
Here, the activation change in most regions of the left PFC was
low and not significant.

In this study, we observed changes in the prefrontal area before
and after VR treatment. Thus, activation in the right FPPFC and
OFC and the left FPPFC and OFC significantly increased when
patients with SAD were watching the video in the third-person
view. By using PET after pharmacological treatments, Evans
et al [50] reported that the regional brain metabolism of the
ventromedial prefrontal cortex (VMPFC) in patients with SAD
increases. Further, Hiser et al [51] reported that the activation

of the anterior VMPFC increases upon pharmacological
treatment or psychotherapy. We obtained similar results to these
previous studies. However, the metabolism in the medial dorsal
PFC decreased in patients with SAD after pharmacological
treatment [52].

We obtained positive self-referential stimuli (positive words),
neutral self-referential stimuli, and negative self-referential
stimuli (negative words) after VR treatment to identify the
activation changes in the brain region measured through fMRI
in a previous study [33]. Therefore, patients with SAD exhibited
increased activation in the right PCC/precuneus, lingual gyrus,
left inferior temporal gyrus, precentral gyrus, and postcentral
gyrus for positive self-referential stimuli. Patients with SAD
also revealed increased activation in the left middle occipital
gyrus, parahippocampus, left Rolandic operculum, and left
caudate nucleus for negative self-referential stimuli. In this
study, we observed the brain activity of participants watching
the video clips, unlike the previous study, and determined the
neural correlates by fNIRS, which were used to measure the
activation of the prefrontal area, unlike fMRI, which can be
used to measure the activation of the whole brain area.

Lastly, we identified correlations between psychological states
in patients with SAD with brain areas activated upon VR
therapy. The STAI-T scores and OFC activation, and ISS scores
and prefrontal region activation (except the right VLPFC) were
correlated. Studies have reported the correlation between the
severity of SAD symptoms and the activation of certain brain
areas. Klumpp et al [53] reported that improvements in the
symptoms are correlated with the increase in the activation of
brain areas, such as the medial orbitofrontal and dorsomedial
frontal gyrus. Marin et al [54] reported that hypoactivation of
the VMPFC is correlated with the severity of anxiety. Based
on fNIRS analysis, Yokoyama et al [49] reported that changes
in VLPFC activation are negatively correlated with social fear
and activation of the left DLPFC is positively correlated with
social anxiety [55].

Studies have reported that amygdala activation is high in patients
with SAD [48,56]. Here, we could not study amygdala
activation, because measuring subcortical brain regions with
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fNIRS is difficult. The VMPFC and the VLPFC are known to
be associated with the amygdala in patients with SAD.
Generally, the VMPFC regulates social functions and inhibits
the amygdala to regulate the fear response [51]. Thus, increased
activation of the ventromedial prefrontal regions from social
anxiety treatments is beneficial. In addition, the degree of
functional connectivity between the VLPFC and the amygdala
is negatively correlated with the severity of anxiety [57]. This
result supports our results that activation of the VLPFC and the
degree of anxiety treatment are correlated.

The blood flow in the right DLPFC decreased in patients with
SAD during the repetition task [48]. We observed that activation
of the right OFC during the 2-back task in our study increased
after treatment, which contradicts the results of some previous
studies. Further, regional cerebral blood flow of the rhinal
cortex, amygdala, hippocampal region, and parahippocampal
region decreases in patients with SAD during task performance.
The regional cerebral blood flow of the middle frontal cortex
and dorsal ACC changes in patients with SAD, particularly in
patients who effectively perform the task [58]. We obtained
similar results in our study.

Differences were observed in brain activation in high
anxiety–provoking situations rather than in low
anxiety–provoking situations [59]. Patients with SAD were
more anxious during the first-person view than during the
third-person view, which resulted in differences in activation
in the HC group. In addition, the changes in brain activation
appeared earlier when the video in the third-person view was
used, because the patients felt less anxious. However, the effects
of the treatment appeared later when the video in the first-person
view was used, probably because the patients felt more anxious.
Therefore, the effectiveness of the treatment modality should
be verified by conducting more treatment sessions.

Limitations
This study had some limitations. First, the sample size was
relatively small. However, our analysis was thorough, and we
were able to investigate functional brain activity after VR
therapy in patients with SAD. Second, the number of sessions
for VR treatment was small, and the follow-up period was

relatively short. We observed the changes in psychological scale
scores and brain activities measured through fNIRS after VR
treatment. However, after the sixth session of treatment, the
anxiety levels observed on most psychological scales in the
SAD group were higher than in the HC group. This could be
because changes in brain activity due to VR treatment were not
prominent as yet. Perhaps more treatment sessions are required.
Thus, more VR treatment sessions should be conducted for a
larger sample size to observe prominent therapeutic benefits.
Third, we could not measure the brain activity in real time.
Applying electroencephalography to a VR head-mounted display
(HMD) has enabled measurement of brain waves [60]. However,
we were not able to apply fNIRS and VR HMD because of
several technical limitations. Lastly, we could not observe
changes in brain areas other than the PFC (especially amygdala),
owing to mechanical limitations of portable fNIRS. Although
fMRI has the advantage of being able to perform comprehensive
and in-depth measurement of the entire brain function, it is
difficult to apply various tasks and has a high economic burden,
so there are obvious limitations in actual clinical application.
However, in terms of cost and usability, portal fNIRS has a high
possibility of being applied to actual clinical practice in
combination with VR, so it is worthy of overcoming the
disadvantages of measurement compared to fMRI.

Conclusion
We conducted VR therapy on patients with SAD to prove the
treatment effects after developing a VR treatment program that
was exposed to social situations in the first- and third-person
views. We identified the brain activity changes in the FPPFC
and OFC in patients with SAD after VR treatment in this study,
which can provide functional clues in specific brain area for
VR treatment. In addition, we found that the STAI-T scores
were correlated with the activity of the OFC and the ISS scores
were correlated with most of the PFC except the right VLPFC.
This can be a clue that the change after treatment in some
psychological domains in SAD is related to a specific PFC
region. Future studies are required to identify and confirm the
neural correlates of VR treatment in patients with SAD for
sufficient periods in large sample sizes.
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Abstract

Background: Existing systems to document adverse drug events often use free text data entry, which produces nonstandardized
and unstructured data that are prone to misinterpretation. Standardized terminology may improve data quality; however, it is
unclear which data standard is most appropriate for documenting adverse drug event symptoms and diagnoses.

Objective: This study aims to compare the utility, strengths, and weaknesses of different data standards for documenting adverse
drug event symptoms and diagnoses.

Methods: We performed a mixed methods substudy of a multicenter retrospective chart review. We reviewed the research
records of prospectively diagnosed adverse drug events at 5 Canadian hospitals. A total of 2 pharmacy research assistants
independently entered the symptoms and diagnoses for the adverse drug events using four standards: Medical Dictionary for
Regulatory Activities (MedDRA), Systematized Nomenclature of Medicine (SNOMED) Clinical Terms, SNOMED Adverse
Reaction (SNOMED ADR), and International Classification of Diseases (ICD) 11th Revision. Disagreements between research
assistants regarding the case-specific utility of data standards were discussed until a consensus was reached. We used consensus
ratings to determine the proportion of adverse drug events covered by a data standard and coded and analyzed field notes from
the consensus sessions.

Results: We reviewed 573 adverse drug events and found that MedDRA and ICD-11 had excellent coverage of adverse drug
event symptoms and diagnoses. MedDRA had the highest number of matches between the research assistants, whereas ICD-11
had the fewest. SNOMED ADR had the lowest proportion of adverse drug event coverage. The research assistants were most
likely to encounter terminological challenges with SNOMED ADR and usability challenges with ICD-11, whereas least likely
to encounter challenges with MedDRA.

Conclusions: Usability, comprehensiveness, and accuracy are important features of data standards for documenting adverse
drug event symptoms and diagnoses. On the basis of our results, we recommend the use of MedDRA.

(J Med Internet Res 2021;23(12):e27188)   doi:10.2196/27188
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Introduction

Background
Adverse drug events are the harmful and unintended
consequences of medication use and are a leading cause of
emergency department visits and hospitalizations in Canada
and internationally [1-4]. Adverse drug events comprise various
types of medication-related problems, including adverse drug
reactions (ie, noxious effects that occur within a standard dosing
range of a prescription drug). Adverse drug events frequently
recur without documentation and communication, which
compromises patient safety [5]. The incidence, severity, and
recurrence of adverse drug events suggest a need for greater
documentation and communication of such events to avoid
patients being re-exposed to harmful medications [5].

Adverse drug event reporting is voluntary for clinicians in
Canada but has recently become mandatory for hospitals [6].
The implementation of mandatory reporting for hospitals
introduces concerns about the added burden of documentation
for clinicians. There is often a disconnect between adverse drug
event reporting and clinical care activities because of time
constraints and a poor fit between standardized nomenclatures
built into inflexibly designed reporting systems [7]. The existing
electronic medical records include data fields for documenting
allergies but can be restrictive and inappropriate for
documenting adverse drug reactions and other types of adverse
drug events [7]. Furthermore, allergies and adverse drug
reactions are a fraction of all the reportable clinically significant
adverse drug events [5]. Even when broader input fields are
available to document adverse drug events, they are often in
free text format, and thus, the resulting data are unstructured,
nonstandardized, and prone to misinterpretation. As a result,
clinicians who diagnose and treat adverse drug events rarely
report them in the existing electronic systems [1,4,8]. Enabling
data entry using standardized terminology may reduce the
ambiguity of adverse drug event reports, ease the data entry
process, improve the utility of the systems, and thereby improve
patient safety [9,10]. However, the use of standardized data
systems that are incompatible with clinical work may also
compromise patient safety and reduce the quality and availability
of data for research purposes [11].

Objective
System designers may leverage a number of existing national
and international standards to support documentation; however,
few studies have examined which data standard is preferable
for capturing details about adverse drug events. This study aims
to understand and compare the utility of different clinical data
standards in capturing adverse drug event symptoms and
diagnoses. This has been undertaken in relation to a new law
in Canada that mandates the reporting of serious adverse drug
reactions [6]. We hope to provide insight into the strengths and
weaknesses of different standards as vendors begin to develop
software to support adverse drug event documentation.

Methods

Study Design
This was a mixed methods substudy of a multicenter
retrospective chart review [5]. We used a convergent mixed
methods design in which we collected and analyzed quantitative
and qualitative data concurrently and separately and then merged
and compared them during the interpretation phase [12].

Setting and Population
We reviewed the research records of all patients who were
diagnosed with ≥1 adverse drug event in 1 of the 3 prospective
multicenter studies [13-16]. The first study enrolled 1591
patients presenting to the emergency departments of 2 tertiary
care hospitals—Vancouver General Hospital (VGH) and St
Paul’s Hospital—in Vancouver, British Columbia, Canada,
from 2008 to 2009 and derived a clinical decision rule to identify
the patients at high risk of adverse drug events [13]. The second
study enrolled 10,807 patients presenting to the emergency
departments of VGH, Lions Gate Hospital (an urban community
hospital in North Vancouver, British Columbia), and Richmond
Hospital (an urban community hospital in Richmond, British
Columbia) between 2011 and 2013 and evaluated the impact
of a pharmacist-led medication review on health outcomes
[14,16]. The third study enrolled 1529 patients presenting to
the emergency departments of VGH, Lions Gate Hospital, and
the Ottawa Civic Hospital (an urban tertiary care hospital in
Ottawa, Ontario, Canada) from 2014 to 2015 and validated the
previously derived clinical decision rule [15].

In all 3 prior studies, the research assistants used a systematic
selection algorithm to select and enroll a representative sample
of emergency department patients (Multimedia Appendix 1).
A clinical pharmacist and physician evaluated all the enrolled
patients with adverse drug events at the point of care and
documented the events in research and medical records. All the
cases in which the clinical pharmacist diagnoses and physician
diagnoses were concordant were considered final. An
independent committee adjudicated all the cases in which the
assessments were discordant or uncertain by reviewing the
research and medical records.

Inclusion and Exclusion Criteria
This study included all adverse drug events that met our case
definition and were diagnosed in 1 of the 3 primary studies (see
Case Definition section). We excluded events with alternative
diagnoses, those for which records could not be retrieved or
were illegible, and those that were not unique with respect to
the drug and presenting symptom or diagnosis [13-16].

Case Definition
Adverse drug events included adverse drug reactions, drug
interactions, supratherapeutic or subtherapeutic dosing, untreated
indications, drug withdrawal, ineffective drugs, nonadherence,
and errors in prescribing, dispensing, or medication
administration [5,13-16]. These adverse drug events had to be
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classified as moderate, resulting in a change in medical
management, diagnostic testing, or consulting or severe,
resulting in hospital admission, permanent disability, or death
[5,16].

Chart Review Data Collection Methods
A total of 2 research assistants (EC, a clinical pharmacist and
VC, a pharmacy student) retrospectively reviewed the research
records of the enrolled patients. They were independent and
blinded to one another’s data collection and applied the different
data standards to document up to 4 symptoms or diagnoses that
they felt were appropriate to describe each adverse drug event
using an electronic data collection form (Multimedia Appendix
2). If the research assistants were unable to identify an
appropriate symptom or diagnosis, they selected No Match. The
research assistants then documented whether they thought the
terms selected in the data standard accurately described the case.

We conducted a pilot period to ensure the quality of the data
collected and identify any potential questions about the
application of our research protocol. During the pilot period,
the research assistants collected data on a sample of 20 adverse
drug events and subsequently provided feedback on the data
collection form. We edited the form following the provision of
feedback, which the research assistants then piloted on a new
sample of 20 records, resulting in a total of 40 records being
piloted.

During the pilot period, the research assistants met weekly to
discuss discordant cases in which there were disagreements in
the identified symptoms or diagnoses for each data standard to
ensure consistency in case interpretation. After the pilot period,
the research assistants met monthly to discuss the discordant
cases in which there was disagreement in the accuracy of the
data standard in describing the case. We considered all cases in
which the research assistants reached a consensus on the various
data standards as final (Multimedia Appendix 3).

We randomly selected 100 adverse drug events for the research
assistants to assess twice to evaluate intrarater reliability.

Qualitative Data Collection Methods
During the chart review, the research assistants electronically
recorded notes on their process, general impressions, and any
case-specific challenges they encountered for each data standard.
A qualitative researcher (SS) attended the meetings between
the research assistants to observe the discussion of the discordant
cases and took notes on the discussion to capture emerging
themes and points of convergence and divergence. This
produced a richer understanding of the human factors that
influence the perceived utility of data standards.

Data Standards
We used four data standards to document the symptoms and
diagnoses of each adverse drug event: Systematized
Nomenclature of Medicine (SNOMED) Health Concern and
Diagnosis (SNOMED HC) reference set, SNOMED Adverse
Reaction (SNOMED ADR) reference set, Medical Dictionary
for Regulatory Activities (MedDRA), and International
Classification of Diseases (ICD) 11th Revision. We selected
these as various levels of government and other organizations

in Canada recommend their use in different clinical contexts
related to adverse drug event reporting and documentation.

SNOMED HC Reference Set
SNOMED Clinical Terms (SNOMED CT) is an international
clinical terminology coding system that includes diagnoses,
signs, symptoms, and diagnostic procedures. We used the
SNOMED CT Canadian Edition, which was developed
specifically for use in Canada and released in October 2018
[17]. The SNOMED HC reference set is a subset of SNOMED
CT, which is designed to map terminology to the ICD-9 and
ICD-10 codes and the Canadian Emergency Department
Diagnosis Shortlist for use in electronic medical records and
clinical information systems. We included SNOMED CT as it
is maintained and recommended by Canada Health Infoway to
support the capture and exchange of clinical data in Canada
[18].

SNOMED ADR Reference Set
The SNOMED ADR reference set highlights the allergies and
intolerances found in SNOMED CT. This is a baseline reference
set under development, which will continue to expand based
on feedback. The Northern Health Authority in British Columbia
has integrated this data standard into their electronic medical
record system. Users select the terminology through a search
function, which creates a filtered dropdown selection list. We
included SNOMED ADR as it is under development for use
specifically in British Columbia [19].

MedDRA Preferred Terms
MedDRA version 22.0 is an international standardized medical
terminology dictionary that supports classification of adverse
event information associated with biopharmaceuticals and other
medical products [20]. MedDRA’s hierarchical structure
comprises 5 terminological levels that map to one another,
arranged from very specific to very general. We used the
Preferred Terms level, which presents terms as distinct
descriptors for symptoms, signs, disease diagnoses, therapeutic
indications, investigations, surgical or medical procedures, and
medical, social, or family history characteristics. We modified
some terms from their original British spelling to their American
spelling by referring to corresponding Lower Level Terms in
the MedDRA hierarchy. We included MedDRA as its use is
recommended by Health Canada for adverse reaction reports
submitted to their pharmacovigilance database [21].

International Classification of Diseases 11th Revision
ICD-11 is an international standard for reporting diseases and
health conditions for clinical and research purposes [22]. The
World Health Organization released the 11th revision in 2018
for piloting, and it will come into use in 2022. This version
provides a coding system designed for easy adoption into
electronic environments and updated clinical content, including
explicit coding to capture adverse drug events. We included
ICD-11 as it is used by physicians in British Columbia for claims
submissions to the provincial Medical Services Plan [23].

Quantitative Analysis
We used descriptive statistics to describe the baseline
characteristics of all included adverse drug events using
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proportions. To determine the coverage of a specific data
standard to capture an event, we used the research assistants’
ratings of whether a data standard contained a match for the
characteristics of an adverse drug event. We used the consensus
assessments to calculate the frequency and proportion of adverse
drug events with symptoms or diagnoses found within a given
data standard.

We allowed entries for up to 4 terms per data standard. To
identify whether the research assistants agreed on the term
selected within a given data standard, we examined whether the
first selected term for each data standard matched (first term
match). Then, we examined whether there were any matches
across the 4 terms between the terms used by both research
assistants for each data standard (all terms match).

Qualitative Analysis
We coded comment fields from the data collection forms and
notes from our observations using NVivo (version 12; QSR
International) qualitative data analysis software. We began by
inductively coding field notes to generate a provisional coding
structure that we then applied to the comment fields. We
iteratively reviewed the data and coding to identify emerging
themes. We completed an interim review of the coding and
emerging findings to contextualize the results with quantitative

data and validate them with the research assistants’experiences.
Following discussion, we generated a final coding structure and
used a descriptive approach to describe the classification
challenges.

Results

Quantitative Results
Figure 1 displays the flow of patients in the study sample.
Overall, we included 673 adverse drug events in 573 patients
in our sample. The top 5 most common culprit drugs and
diagnoses of the included adverse drug events are presented in
Table 1. The most common culprit medication overall was
warfarin (62/673, 9.2%, 95% CI 7.1%-11.7%), and the most
common diagnosis was allergic reaction (38/673, 5.7%, 95%
CI 4%-7.7%).

Table 2 displays the coverage of the different data standards for
the adverse drug events in our sample. Of the data standards,
MedDRA (671/673, 99.7%, 95% CI 98.9%-99.9%) and ICD-11
(667/673, 99.1%, 95% CI 98%-99.6%) had the highest
frequency of having an appropriate symptom or diagnosis
available. SNOMED ADR had the lowest frequency (576/672,
85.7%, 95% CI 82.7%-88%).
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Figure 1. Flow diagram of patients through the study. ED: emergency department; ADE: adverse drug event.
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Table 1. Adverse drug event (ADE) characteristics of the study sample (N=673).

ADEs, n (%)Characteristics

Culprit medication

62 (9.2)Warfarin

37 (5.5)Furosemide

37 (5.5)Acetylsalicylic acid

26 (3.9)Hydrochlorothiazide

21 (3.1)Insulin

ADE diagnosis

38 (5.7)Allergic reaction

36 (5.4)Laboratory abnormality

22 (3.3)Stroke

20 (3)Hypoglycemia

19 (2.8)Atrial fibrillation

Table 2. The percentage of having an appropriate symptom or diagnosis available to describe the adverse drug event cases by data standard (N=673).

Symptom or diagnosis option available, n (%, 95% CI)Data standard

671 (99.7, 98.9-99.9)MedDRAa

576 (85.7, 82.7-88)SNOMED ADRb,c

650 (96.6, 94.9-97.79)SNOMED HCd

667 (99.1, 98-99.6)ICD-11e

aMedDRA: Medical Dictionary for Regulatory Activities.
bSNOMED ADR: Systematized Nomenclature of Medicine Adverse Reaction.
cN=672.
dSNOMED HC: Systematized Nomenclature of Medicine Health Concern and Diagnosis.
eICD-11: International Classification of Diseases 11th Revision.

Table 3 presents the percentage agreement between the research
assistants for the first term match and for any term match for
each data standard. For the first term match, SNOMED HC
(409/673, 60.8%, 95% CI 57%-64%) yielded the most matches
between the research assistants and ICD-11 (286/673, 42.5%,
95% CI 38.8%-46.3%) yielded the fewest matches. In terms of
having any term match, MedDRA performed the best (673/673,
100%, 95% CI 99.4%-100%) and ICD-11 yielded the lowest
proportion of matches (583/673, 86.6%, 95% CI 83.9%-89%).
Semantic differences between terms with identical meanings
within a data standard may have artificially lowered the number

of matches for a given data standard. For example, in SNOMED
HC, 1 research assistant selected the term frank hematuria,
whereas the second research assistant selected the term blood
in urine to describe hematuria. In SNOMED ADR, 1 research
assistant selected muscle weakness, and the second selected
asthenia to describe weakness. In ICD-11, 1 research assistant
selected candidiasis of lips or oral mucous membranes, and the
second selected thrush disorder to describe thrush. The complete
list of adverse drug events that did not have a match on any of
the data standard terms is presented in Multimedia Appendix
4.
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Table 3. The percentage agreement between the research assistants in coding the adverse drug events by data standards (N=673).

Any terms match, n (%)First term match, n (%)Data standard

673 (100)400 (59.4)MedDRAa

601 (89.3)379 (56.3)SNOMED ADRb

629 (93.5)409 (60.8)SNOMED HCc

583 (86.6)286 (42.5)ICD-11d

aMedDRA: Medical Dictionary for Regulatory Activities.
bSNOMED ADR: Systematized Nomenclature of Medicine Adverse Reaction.
cSNOMED HC: Systematized Nomenclature of Medicine Health Concern and Diagnosis.
dICD-11: International Classification of Diseases 11th Revision.

Qualitative Results
We found 3 primary factors that affected the classification of
adverse drug event symptoms and diagnoses: (1) terminological

factors specific to the terminology or data standard, (2)
case-related factors in which there was not enough information
in the patient’s chart to classify the event appropriately, and (3)
individual factors related to interpretation and recall (Figure 2).

Figure 2. Classification challenges in qualitative analysis.

Terminological Factors
Terminological challenges were the most common factors that
affected the adverse drug event classification. We assessed the
overall utility of each data standard according to 3 key
terminological factors: comprehensiveness (conceptual coverage
or breadth; eg, is the data source comprehensive enough to select
appropriate terms?), accuracy (terminological correctness or
exactness; eg, does the available terminology accurately describe
the case?), and usability (ease of use; eg, is it easy to find an
appropriate term using the data source?).

We used the ability to locate any term to describe the main
symptom or diagnosis as a proxy variable for
comprehensiveness. For example, both research assistants noted
that the primary symptom and diagnosis of an adverse drug
event were hemiparesis and stroke; however, there was no
option to describe this case in SNOMED ADR. Poor
comprehensiveness was found most often when using SNOMED
ADR and rarely when using MedDRA, which is consistent with
our quantitative findings related to coverage.

Issues with the accuracy of data sources emerged when the
terms did not fully capture or represent the case, were too

J Med Internet Res 2021 | vol. 23 | iss. 12 | e27188 | p.1160https://www.jmir.org/2021/12/e27188
(page number not for citation purposes)

Chan et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


specific, or were too vague. In the case of the main adverse drug
event symptom or diagnosis being fall, the research assistant
found partial terminology in SNOMED ADR, including
weakness and syncope and collapse; however, during consensus,
the research assistant noted that the patient did not have syncope.
In this case, although some terms were available, they did not
produce a complete and clinically meaningful or accurate
description of the event. An instance in which the terminology
was too specific arose with ICD-11, wherein the only term
available to describe a hematoma case included the qualifier of
other specified site complicating a procedure; however, there
was no indication that this hematoma was in fact complicating
a procedure. An example of exceedingly broad or vague
terminology arose when the research assistants could not find
a specific term for Clostridium difficile in SNOMED ADR,
which led to a discussion of whether the term diarrhea was
adequate. These challenges occurred most often with SNOMED
ADR and least often with MedDRA.

Unusual terminology and phrasing or unfamiliar spelling
compromised the usability of the data sources. Usability
challenges emerged when the research assistants reported that
they felt a term adequately described the case but that it was
difficult to find, it was only identified during consensus, or they
had to rely on external sources to identify the term (eg, Google).
In the case of a rash, the research assistants identified the term
allergic disorder of the skin in ICD-11 as the closest descriptor
but felt that it was atypical phrasing. Another issue was the use
of British English spellings for certain terms (eg, haemorrhage
instead of hemorrhage). Usability challenges were most
common with ICD-11; however, the research assistants
encountered them less often than the issues with accuracy or
comprehensiveness.

Case-Related Factors
In some cases, there was insufficient information in the chart
to classify the event independent of the data source. For
example, in a case, the research assistant noted that the selected
term was broad enough, but the classification would have been
improved if there were more details about the patient’s
documented bizarre behavior. The research assistants also
encountered cases with insufficient information to classify the
event in the context of the data standard’s limitations, often
because of vague case descriptions that could only be classified
using high specificity terms. For example, in SNOMED ADR,
the terms to describe headaches were often too specific, such
as frontal headache or migraine with aura, whereas case
descriptions tended to use only the term headache.

Individual Factors
Individual factors, such as recall and interpretation, had an effect
on the classification of events. During consensus, the research
assistants discussed instances where 1 research assistant did not
identify the correct term that the other had identified. This
occurred because they forgot the terminology (eg, the research
assistant had been searching for the term kidney rather than
renal to describe abnormal renal function), did not consider
alternate wording (eg, the research assistant did not think of the
term spasticity to refer to rigidity or stiffness), or were unable
to locate a term that they felt was acceptable (eg, the research

assistant could not find a term related to the patient’s history of
noncompliance). In almost all of these instances, the research
assistant agreed with the other’s selection during the consensus.

Discussion

Principal Findings
Previous studies have demonstrated gaps in the existing
terminological standards in health care [24,25]. Our findings
add a nuanced examination of these gaps and other shortcomings
of multiple terminological standards rooted in clinical practice.
We explored the utility of 4 data standards to document adverse
drug event symptoms and diagnoses. Our quantitative analysis
demonstrated that MedDRA and ICD-11 were most likely to
have an appropriate symptom or diagnosis available. MedDRA
most often had any match documented, whereas ICD-11 had
the fewest matches. SNOMED HC performed the best in terms
of the first term that the research assistants selected for
matching. SNOMED ADR performed the worst in terms of
having the lowest capture of a symptom or diagnosis. These
results are consistent with our qualitative findings. The research
assistants were least likely to encounter terminological
challenges with MedDRA and most likely with SNOMED ADR.
We found that ICD-11 was most likely to present usability
challenges because of unusual terminology or spelling, which
may provide a rationale for why ICD-11 had the fewest matches.
The research assistants also found ICD-11 to be the most time
consuming for searching terms because of the lengthy list of
returned matches with descriptive terms, whereas SNOMED
HC and SNOMED ADR were the least time consuming, with
a shorter list of returned matches with more straightforward
terms to select from. Overall, across all the indicators, we found
that MedDRA was the strongest data standard, whereas
SNOMED ADR performed poorest. We acknowledge that
SNOMED ADR is a working data set at this time and thus could
be strengthened through further study and use.

Implementing clinical information systems with data standards
that lack comprehensiveness, accuracy, or usability in clinical
practice will affect data entry and generate downstream negative
effects on data quality and the information generated. In the
absence of correct or accurate terminology, research assistants
were more likely to make compromises or use workarounds by
selecting a term that was close enough or only partially
described the event. In clinical practice, challenges with data
entry, along with time constraints and other external pressures,
may result in a clinician opting to abandon data entry altogether,
thus lowering data quantity and quality. Conversely, semantic
standardization may lead to more consistent and complete
reporting for pharmacovigilance activities if the appropriate
data standard is used, which may produce higher data quality
and facilitate data analysis [26-28]. Reliable coding for adverse
drug reactions is likely to yield more meaningful data for the
end user and may facilitate data integration across different
electronic health systems [28,29].

Recent efforts to map terminology across different standards
may be used to develop clinical information systems with
specific data standards while facilitating data integration across
systems and pharmacovigilance organizations. Reich et al [30]

J Med Internet Res 2021 | vol. 23 | iss. 12 | e27188 | p.1161https://www.jmir.org/2021/12/e27188
(page number not for citation purposes)

Chan et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


demonstrated that it is feasible to map ICD-9 diagnosis codes
for medical conditions to SNOMED CT and MedDRA, making
both suitable options for standard vocabularies. However, to
our knowledge, there has been no study that has compared these
data sets with one another or investigated their use specifically
for documenting adverse drug events [30]. The WEB-RADR 2
Project seeks to develop a bidirectional mapping of a subset of
pharmacovigilance terms between SNOMED CT and MedDRA
[31]. Mapping and testing were scheduled to be completed in
2020, with a production version of the map available to
SNOMED and MedDRA users in 2021. In addition, the National
Institutes of Health’s National Library of Medicine has also
developed a Unified Medical Language System that maps
SNOMED CT to ICD-10 to support reimbursement and
statistical analyses [32]. Further research should examine the
effect of mapping data standards on data quality.

In addition to the efforts to map terminology across data
standards, advances in natural language processing increasingly
offer a new and promising approach to the analysis of adverse
drug event reports for pharmacovigilance activities. Using
natural language processing, system designers may enable free
text data entry from clinicians to increase the ease of use. Such
systems would then algorithmically analyze the entered data to
produce standardized data for monitoring and regulatory
purposes [33]. A recent systematic review found that many
studies on natural language processing of incidents, adverse
events, and medical error reports have focused primarily on
binary classification, which does not account for the complexity
of adverse drug event documentation that we sought to capture
and limits the subsequent clinical utility of data to support
continuity of care [33]. In addition, in instances where cases
contain insufficient information for classification, which we
encountered in this study, natural language processing is unlikely
to improve the results. Continued research in this field should
explore natural language processing, aim to produce multimodal
analyses of reports, and increase integration across clinical
information systems.

In the absence of an agreed-upon standard for data capture and
with the advent of increased mapping across terminologies, we
suggest that health system designers prioritize the
implementation of a data standard that is clinically useful and
relevant to ensure high usability for clinicians who are asked
to document the event while being immersed in clinical
activities. For this purpose, MedDRA was the strongest data
standard among the data sets in our study, and we recommend
it be used as the standard for Canadian pharmacovigilance
activities in support of federal legislation that requires all

Canadian health institutions to report serious adverse drug
reactions to Health Canada [6]. MedDRA is also currently used
in other pharmacovigilance systems, such as the US Food and
Drug Administration Adverse Drug Event Reporting System
and Vaccine Adverse Event Reporting System databases, the
European Medicines Agency Eudrawatch system, and the
Japanese prescription event monitoring system, which makes
it a strong option to advance international collaborative efforts
in pharmacovigilance.

Limitations
There are limitations to this study. Our research team is more
familiar with MedDRA, which may have led to bias when
selecting the most comprehensive data standard. However, one
of our research assistants had previously never worked with our
team and thus was unfamiliar with MedDRA at the outset of
this study. We also relied on the American translation of British
MedDRA terminology, which may have facilitated the
identification of terms and resulted in more matches. The
ICD-11 terms remained in their original British spelling, which
may have initially resulted in fewer matches. We observed that
this effect was offset as the research assistants became familiar
with these patterns over time and with use. SNOMED ADR is
designed to describe adverse drug reactions; however, we
applied it to describe a broader range of adverse drug events.
This may have positioned SNOMED ADR to perform poorly
from the outset and falsely lowered its capture of a symptom
or diagnosis compared with the other data standards. We were
also unable to obtain more information than what was available
in the research records, as they were from a previous multicenter
chart review study, which may have limited the terms we could
have selected for a given data standard.

Conclusions
Usability, comprehensiveness, and accuracy are the key features
of a data standard for documenting adverse drug event symptoms
and diagnoses. On the basis of these factors, we found that
MedDRA is the most suitable data standard for coding adverse
drug events in electronic reporting systems. Although data
standardization is important, not all standards are created
equally. As our analyses demonstrate, each data standard has
different affordances and constraints. Hence, it is important to
critically evaluate competing standards to ensure that the data
standards adopted in clinical information systems support patient
safety rather than compromise it. When the appropriate data
standard is selected, the standardized terminology may result
in more consistent adverse drug event documentation and better
data quality and quantity as a by-product of routine care.
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Abstract

Background: Accurate medication reconciliation reduces the risk of drug incompatibilities and adverse events that can occur
during transitions in care. Community pharmacies (CPs) are a crucial part of the health care system and could be involved in
collecting essential information on conventional and supplementary drugs used at home.

Objective: The aim of this paper was to establish an alliance between our cancer institute, Istituto Romagnolo per lo Studio dei
Tumori (IRST), and CPs, the latter entrusted with the completion of a pharmacological recognition survey. We also aimed to
integrate the national information technology (IT) platform of CPs with the electronic medical records of IRST.

Methods: Cancer patients undergoing antiblastic treatments were invited to select a CP taking part in the study and to complete
the pharmacological recognition step. The information collected by the pharmacist was sent to the electronic medical records of
IRST through the new IT platform, after which the oncologist performed the reconciliation process.

Results: A total of 66 CPs completed surveys for 134 patients. An average of 5.9 drugs per patient was used at home, with 12
or more used in the most advanced age groups. Moreover, 60% (80/134) of the patients used nonconventional products or critical
foods. Some potential interactions between nonconventional medications and cancer treatments were reported.

Conclusions: In the PROF-1 (Progetto di Rete in Oncologia con le Farmacie di comunità della Romagna) study, an alliance
was created between our cancer center and CPs to improve medication reconciliation, and a new integrated IT platform was
validated.

Trial Registration: ClinicalTrials.gov NCT04796142; https://clinicaltrials.gov/ct2/show/NCT04796142

(J Med Internet Res 2021;23(12):e31321)   doi:10.2196/31321
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Introduction

Medication reconciliation is the process of drawing up a
complete and accurate list of all medications being taken by an
individual patient, including drug name, dosage, frequency, and
route of administration, and comparing them with the
medications listed in the patient’s medical records or medication
prescriptions. The aim of reconciliation is to reduce the risk of
errors of omission, duplication, incorrect doses or timing, and
adverse drug-drug or drug-disease interactions [1-3]. The Joint
Commission on Accreditation of Health Care Organizations
added the concept of reconciliation across the continuum of
care as a national patient safety goal [4]. It has also been defined
as one of the best strategies for maintaining the quality of care
by the Agency for Healthcare Research and Quality [5] and is
one of the 5 elements in the “High 5s Project” launched by the
World Health Organization [6].

Reconciliation must be periodically performed at both the
hospital and territorial level [7] and at every transition of care
[8], especially when new medications are prescribed or rewritten
as several professionals may be involved. The efficacy and
quality of this process depends mainly on a preliminary
pharmacological survey (recognition step), which not only takes
into account the medications prescribed to the patient, but also
the phytotherapeutic and homeopathic products, supplements,
and foods taken, as well as any habit that might negatively affect
patient safety [5]. The success of the recognition step depends
on the interlocutor's ability to promote within the patient a sense
of empowerment and responsibility in relation to treatment
adherence [9]. The use of innovative drugs for the treatment of
cancer is constantly increasing [10], and many are unknown to
the vast majority of nonexperts in the field. This increases the
risk of pharmacological discrepancies in the medications
prescribed (or self-prescribed) in the interval between each
access to the cancer center caring for the patient [11-13]. In
particular, nonconventional medicinal and health preparations
such as over-the-counter products, herbal medicines, and
supplements are sources of potential pharmacological
discrepancy and should be closely monitored [5]. Cancer patients
frequently resort to such remedies in an attempt to improve their
quality of life, often compromised by the side effects of the
treatments, or to help them cope with the emotional aspects
related to living with cancer.

Therapy errors have economic implications. The World Health
Organization has estimated the cost of therapy errors to be at
US $42 billion annually and has set a goal of reducing these
costs (which are attributed to weaknesses in health care systems)
by 50% within the next 5 years [14]. In the area of oncology,
the extent of the economic risk is increased by the burden of
expected outcomes and by the high costs of anticancer
treatments for the UK National Health Service. In 2018, in Italy,
these costs were estimated to be at €5659 million (US $6360
million), constituting the first item of public health expenditure
and exceeding that of cardiovascular drugs [15].

Community pharmacies (CPs) are a crucial part of the health
care system. They are neighborhood health care facilities whose
activities include dispensing medications, treating minor
ailments, and offering advice on well-being. CP staff also
frequently build up a close relationship with their clients, and
they are highly knowledgeable about food supplements as they
are responsible for around 80% of the sales of these products
on the market [16]. It is therefore relatively easy for CPs to
gather information to obtain a complete and accurate picture of
the use of conventional drugs and supplements at home.

The territory of Romagna has a population of 1,281,243, spread
over 3 provinces (Forlì-Cesena, Ravenna, and Rimini), and
represents 28.6% (366,436/1,281,243) of the Emilia-Romagna
region in northern Italy. There are 356 CPs in Romagna. Our
cancer institute (IRCCS Istituto Romagnolo per lo Studio dei
Tumori [IRST], “Dino Amadori”) is also based in this area. The
center has a high level of computerization and standardization
of all therapeutic, clinical, and experimental processes,
guaranteeing maximum safety for patients and full traceability
of the actions carried out by each professional, clinician,
pharmacist, and nurse during their daily activities. The national
association representing private CPs (Federfarma) recently
developed an information technology (IT) platform
(Dottorfarma) in collaboration with an e-commerce company
(Promofarma) that can be used by CPs nationwide.

Given these premises, an alliance created between IRST and
the CPs of Romagna seemed to provide the perfect opportunity
[17] to improve the pharmacological reconciliation process and
to bridge the “pharmaceutical gap” between the health care
system and the patients. We carried out a prospective,
interventional, nonpharmacological study of the first phase of
the network project in oncology with the community pharmacies
of Romagna (Progetto di Rete in Oncologia con le Farmacie di
comunità della Romagna [PROF-1]) on a new model for
medication reconciliation. Our overall aims were to create an
organizational model and IT platform, assess their ability to
promote the shared management of therapies by patients,
pharmacists, and health care professionals (thus improving
adherence to treatment and the home management of side
effects), and evaluate the acceptability of this model by patients.

Methods

The team of investigators included the IRST oncology group
(oncologists, hospital pharmacists, and nurses), IRST and
Federfarma IT Services, CPs, and scientific representatives of
private and public pharmacy associations. The study team also
worked closely with lawyers from Federfarma and Promofarma
to take care of the delicate aspects of professional responsibility
and data privacy. During the feasibility analysis of the project
(PROF-1 trial), the basic network model was defined by jointly
identifying the individual professionals and their respective
responsibilities. The investigators agreed that each of the
professionals would be responsible for the accuracy of the
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information provided, while the medication reconciliation
process would be the exclusive responsibility of physicians.
This decision meant that the data transmitted from a CP to IRST
would only be valid after the clinician had downloaded,
integrated, and confirmed the information. Regarding the CPs’
task of collecting patient data, it was agreed that the pharmacist
transmitting data directly to IRST medical records would not
be able to view or modify the entered information.

A drug recognition form was created and validated in a pilot
study carried out on breast cancer patients [18]. The form was
divided into 5 sections (medications, critical foods, supplements,
phytotherapeutic products, and homeopathic products).
Information would be gathered for each compound (eg, active
ingredient and trade name; pharmaceutical form and route of
administration; dosage, posology, start or end of intake, reason
for intake, and prescriber). Initially conceived as a paper
document, the form was digitized in both the Dottorfarma IT
platform and IRST medical records for the purposes of the trial.

A total of 200 patients were considered for the PROF-1 study.
A formal sample size calculation for this prospective study was
not performed due to the lack of preliminary data and the
exploratory intent of the study. Eligible patients were required
to meet the following criteria: being adults ≥18 years old, of
either gender; having an Eastern Cooperative Oncology Group
performance status of ≤1; undergoing anticancer treatment;
having a clear understanding of the Italian language; and
granting written informed consent.

When the patients came to the institute for anticancer treatment,
health care professionals provided information about the trial
and obtained written informed consent from those willing to
take part. The patients were asked to choose one of the CPs
accredited for the trial and to book an appointment for the
pharmacological recognition step. The accredited pharmacist,
after ensuring that the patient had provided written informed

consent and completed a privacy form, interviewed the patient
in a private consultation area, completing the online drug
recognition form in the Dottorfarma IT platform (Figure 1),
which has the same format as that of IRST electronic medical
records. The pharmacist took into account the information
provided by the patient or delegated caregiver and that retrieved
from drug packages or other products used by the patient at
home (and brought to the interview), paper referrals, or
prescriptions from specialists. The recognition data were sent
to IRST through the Dottorfarma IT platform and automatically
saved in a specific medical history file in the electronic medical
records (Figure 2). Upon confirmation of the next course of
chemotherapy, the oncologist downloaded the pharmacological
recognition form and performed the reconciliation process. For
the purposes of the present trial, the processes of recognition
and reconciliation were carried out only once for each enrolled
patient. Following the completion of the drug recognition and
reconciliation processes, the patients were asked to complete a
satisfaction questionnaire.

Descriptive statistical analyses were performed on all case series
(absolute and relative frequency for categorical variables and
median and quantiles for continuous variables). All statistical
analyses were carried out using SAS Software, version 9.4 (SAS
Institute).

This study was reviewed and approved by the AUSL (Azienda
unità sanitaria locale) Romagna/IRST Ethics Committee
(approval number 1722, October 26, 2016) and was conducted
in accordance with the ethical standards laid down in the 1964
Declaration of Helsinki and later versions. The participants
provided written informed consent to take part in the study.

The data sets generated and analyzed during the current study
are available from the corresponding author upon reasonable
request.

Figure 1. Dottorfarma electronic scheme of the recognition form.
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Figure 2. Drug history section of the IRST (Istituto Romagnolo per lo Studio dei Tumori) electronic medical records.

Results

A dialog between IRST and local CP associations was opened,
leading to the creation of a specific agreement between the 2
parties. The first step involved the implementation of the
Dottorfarma IT platform, initially with a one-way
communication flow. The pharmacological recognition form
was digitized on both the Dottorfarma IT platform and IRST
electronic medical records, and the 2 systems were
synchronized.

Pharmacy Recruitment and Training
Following an open invitation, out of 365, 120 (34%) of the
public and private CPs of Romagna initially agreed to take part
in the study. Pharmacy managers or a representative from each
CP took part in a brief training course organized by IRST to
inform the participants about the recognition and reconciliation
process, to present the PROF-1 study, and to provide instructions
on how to complete the pharmacological recognition form. A
total of 108 CPs (84 private and 24 public CPs) finally agreed
to participate in the trial (36 in the province of Forlì-Cesena,
26 in the province of Rimini, and 46 in the province of
Ravenna). The enrolled patients chose 66 of these to complete
the pharmacological recognition survey (Multimedia Appendix
1).

Patients
From April 2017 to April 2018, 200 patients were enrolled onto
the trial. Among these, 137 (68.5%) underwent the
pharmacological recognition interview as planned, while 63
(31.5%) were not evaluable, 39 (19.5%) withdrew consent, 11
(5.5%) were excluded for technical problems, and 13 (6.5%)
spontaneously dropped out) (Multimedia Appendix 1). Patient
characteristics are shown in Table 1.

The majority of the patients were female (83, 61%), with a
median age of 63 years Most patients lived in the province of

Forlì-Cesena, where our institute is based. The majority were
undergoing chemotherapy (alone or in combination with targeted
therapies), mainly administered intravenously. The list of
anticancer drugs administered to the enrolled patients is reported
in Table 2.

The analysis of the data entered by CPs revealed a total of 805
medications declared by the patients, with an average of 5.9
drugs per patient taken at home. As many as 12 or more
medications were being taken by 6 patients over the age of 65
years. Drug distribution, identified in the recognition form
according to the Anatomical Therapeutic Chemical
classification, is reported in Table 3 (1st and 2nd levels).

Of the total 805 declared drugs, 29.4% (n=237) and 20.7%
(n=167) were used to treat problems in the gastrointestinal and
cardiovascular systems, respectively. The former drugs were
mainly used to contrast chemotherapy side effects and
cancer-related symptoms (eg, proton pump inhibitors and
antacids, antiemetics, laxatives, and antidiarrheals), while the
latter mainly included antihypertensive drugs and statins. Drugs
for the central nervous system represented 13.2% (n=106) of
all drugs and comprised mainly analgesics and antidepressants
or anxiolytics. Hormones (55, 6.8%), drugs for musculoskeletal
disorders (47, 5.8%), antithrombotic or antianemic drugs (43,
5.3%) and systemic antimicrobials (32, 4%) were also being
taken. Although the recognition of anticancer drugs was not
required (this information was already present in the medical
records), some patients reported oral anticancer drugs in their
list of medicines. Further interesting information was obtained
from the recognition form; ie, 87.6% (n=705) of drugs were
taken orally. Moreover, sources of information varied, coming
from medical documents (145, 18%), drug lists (227, 28.2%),
product packages (86, 10.7%), patient declarations (270, 33.5%),
and caregiver declarations (73, 9.1%). The main prescribers
were specialist physicians (542, 67.3%) and general practitioners
(204, 25.3%), while 1.5% (n=12) of the patients were
self-prescribers.
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Table 1. Patient characteristics (n=137).

ValuesVariables

67 (39-85)Age (years), range (years)

Gender, n (%)

54 (39)Male

83 (61)Female

Provence of residence, n (%)

86 (63)Forlì-Cesena

36 (26)Ravenna

8 (6)Rimini

7 (5)Other

Site of disease , n (%)

36 (26)Gastrointestinal tract

31 (23)Breast

27 (20)Genitourinary tract

17 (12)Hematologic malignancy

14 (10)Lung

Anticancer treatment , n (%)

55 (39)Chemotherapy

28 (20)Chemotherapy plus targeted therapy

21 (16)Targeted therapy

13 (10)Immunotherapy

20 (15)Hormonal therapy

Administration route, n (%)

74 (54)Intravenous

33 (24)Intravenous and oral

30 (22)Oral
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Table 2. Anticancer drugs (n=462).

ValuesCategory and name of anticancer drugs

Cytotoxic drugs, n (%)

38 (8.2)Paclitaxel

36 (7.8)5-fluorouracil

36 (7.8)Capecitabine

31 (6.7)Cyclophosphamide

30 (6.4)Gemcitabine

29 (6.3)Oxaliplatin

25 (5.4)Carboplatin

23 (5.0)Cisplatin

18 (3.9)Irinotecan

17 (3.7)Docetaxel

14 (3.0)Vinorelbine

13 (2.8)Doxorubicin

11 (2.4)Naba-paclitaxel

10 (2.2)Liposomal doxorubicin

9 (1.9)Epirubicin

8 (1.7)Bendamustine

7 (1.5)Eribulin

7 (1.5)Etoposide

7 (1.5)Melfalan

6 (1.3)Trifluridine+tipiracil

5 (1.1)Pemetrexed

380 (82.2)Total

Targeted therapy n, (%)

14 (3.0)Trastuzumab

11 (2.4)Rituximab

11 (2.4)Bevacizumab

6 (1.3)Cetuximab

7 (1.5)Regorafenib

49 (10.6)Total

Immunotherapy n, (%)

13 (2.9)Nivolumab

Hormonal therapy n, (%)

9 (1.9)Fulvestrant

6 (1.3)Abiraterone acetate

5 (1.1)Enzalutamide

20 (4.3)Total

aNab: nanoparticle albumin-bound.
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Table 3. Distribution of drugs (n=805) detected in the recognition (Anatomical Therapeutic Chemical, 1st and 2nd levels).

ValuesATCa classification

Gastrointestinal tract and metabolism, n (%)

82 (10.2)Proton pump inhibitors and antacids

33 (4.1)Antiemetics and prokinetics

30 (3.7)Vitamin A and D and associations

24 (3.0)Insulin and hypoglycemic agents

18 (2.2)Laxatives

17 (2.1)Antidiarrheal and anti-inflammatory intestinal

14 (1.7)Mineral supplements

19 (2.3)Other

237 (29.4)Total

Cardiovascular system, n (%)

128 (16.0)Antihypertensives (including diuretics)

34 (4.2)Statins

5 (0.6)Other

167 (20.7)Total

Central nervous system, n (%)

53 (6.6)Analgesics (including opioids)

36 (4.5)Antidepressants, anxiolytics, and sedatives

17 (2.1)Other

106 (13.2)Total

Hormones (excluding insulin and sex hormones), n (%)

42 (5.2)Systemic corticosteroids

12 (1.5)Thyroid preparations

1 (0.1)Other

55 (6.8)Total

Antineoplastic agents and immunomodulators, n (%)

39 (4.8)Oral anticancer drugs

11 (1.4)Intramuscular hormonal antagonists

50 (6.2)Total

Musculoskeletal system, n (%)

23 (2.8)Antigout drugs

16 (2.0)Anti-inflammatory drugs (including NSAIDsb)

6 (0.7)Bisphosphonates

2 (0.3)Other

47 (5.8)Total

Blood and hematopoietic organs, n (%)

32 (4.0)Antithrombotic drugs

11 (1.3)Antianemic drugs

43 (5.3)Total

Systemic antimicrobials, n (%)

22 (2.7)Antibacterials
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ValuesATCa classification

9 (1.1)Antivirals

1 (0.1)Antifungals

32 (4.0)Total

20 (2.5)Genitourinary tract and sex hormones, n (%)

18 (2.2)Respiratory system, n (%)

7 (1.0)Skin, n (%)

23 (2.9)Other, n (%)

aATC: Anatomical Therapeutic Chemical.
bNSAIDs: nonsteroidal anti-inflammatory drugs.

In addition, of a total of 137 patients, 83 (60.5%) reported an
intake of 201 nonconventional medications (supplements,
phytotherapeutics, or homeopathic products), and 39 (28.5%)
reported having taken foods considered critical for the potential
interactions with medications (Table 4). A detailed analysis of
the recognition form revealed that the most widely represented
critical substances were coffee (23 patients, 16.8%), green tea
(11 patients, 8%), aloe (6 patients, 4.4%), turmeric (5 patients,
3.6%), fermented red rice (5 patients, 3.6%), ginger (3 patients,
2.2%) and manna (3 patients, 2.2%).

An evaluation of drug-drug interaction was not carried out as
it was not one of the aims of this paper. However, we
investigated the potential for interaction between
nonconventional products and cancer treatments (Table 4),

identifying 2 possible interactions with aloe vera, 3 with manna,
1 with echinacea, 1 with ginseng, 2 with ginger, and 3 with red
yeast rice. After analyzing the components present in the
supplements taken by the patients but not present in our list of
critical compounds, the following possible interactions emerged:
2 interactions with milk thistle, 2 with berberine, 1 with alpha
lipoic acid, 1 with vitamin C, 1 with folic acid, and 1 with
Cordyceps sinensis.

A total of 106 patients completed and returned the satisfaction
questionnaire. Of these, 77 (72%) considered the reconciliation
process as very important, 74 (70%) thought that the
involvement of the pharmacist was very useful, and 87 (82%)
reported no difficulty in going to the chosen pharmacy to
complete the pharmacological recognition survey.
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Table 4. Critical foods, nonconventional products, and potential interactions with cancer treatments.

Potential interactionValueProduct

Critical foods, n (%)

—a23 (16.8)Coffee

—11 (8)Green tea

——Black tea

——Bitter orange

——Carom

Regorafenib1 (0.7)Grapefruit

——Chili pepper

——Pepper

Doxorubicin, cyclophosphamide5 (3.6)Turmeric

Phytotherapeutic, n (%)

Paclitaxel, docetaxel6 (4.4)Aloe vera

——Charcoal

Dexamethasone1 (0.7)Echinacea

Etoposide1 (0.7)Ginseng

——Guarana

——Hypericum

Cyclophosphamide, paclitaxel, etoposide5 (3.6)Red yeast rice

Capecitabine, enzalutamide, abiraterone3 (2.2)Manna

——Soy

5-fluorouracil, capecitabine3 (2.2)Ginger

Other compoundsb, n (%)

Regorafenib, paclitaxel2 (1.5)Milk thistle

Cisplatin1 (0.7)Alpha-lipoic acid

Doxorubicin1 (0.7)Vitamin C

Capecitabine1 (0.7)Folic acid

Trastuzumab, vinorelbine2 (1.5)Berberine

Dexamethasone1 (0.7)Cordyceps sinensis

aNot applicable.
bNot reported in the official list of critical compounds, but with possible critical interactions in the post hoc analysis.

Discussion

Principal Findings
The PROF-1 trial achieved its goal of creating a new model for
medication recognition and reconciliation processes in oncology
thanks to the close cooperation between our institute and CPs,
the implementation of an integrated IT platform, and the active
participation of cancer patients.

An interest in being actively involved in the setting up of a new
hospital territory network was clearly demonstrated by both
public and private CPs in their willingness to take part, at no
cost, in the project. A total of 120 CPs participated in the
training course, and 108 agreed to enrol patients, the latter
process involving a commitment of around 30 minutes for each

survey to integrate into routine pharmacy activities. To the best
of our knowledge, this was the first trial addressing the problem
of medication reconciliation to include private entities not
directly involved in the care of cancer patients.

PROF-1 confirmed the high number of medications used by
patients at home (an average of 5.9 drugs per patient), especially
in the most advanced age groups. Even more striking was the
evidence of an increasing number of patients who used
nonconventional products or critical foods. These results
underline the importance of pharmacological recognition and
reconciliation processes, which, despite being mandatory
ministerial measures [1,3], are often neglected by oncologists
because of the pressures of daily clinical activity. An alliance
with CPs could thus lead to a significant improvement in the
situation [19-21]. Numerous attempts have been made to
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improve the medication reconciliation process, including
pharmacist-related interventions and IT platforms, with
interesting results in terms of reduction in medication
discrepancies and potential adverse events [22]. However, none
of the proposed models included the presence of community
pharmacists.

Our study highlighted some limitations in this new model, the
first concerning patient empowerment. Although the patients
were personally involved and expressed a high degree of
satisfaction through the questionnaire, a certain number who
signed the informed consent did not go to the chosen CP to
complete the recognition step. This may have been due to a
deterioration in their clinical conditions or to the side effects of
chemotherapy, given that the study population was recruited
among those undergoing antiblastic therapy, regardless of
prognosis or type of treatment. This is an important aspect to
bear in mind as it suggests that some patients may not be suitable
for this type of project. A review of the communication channels
between patient and CP, including the use of the telephone or
email rather than direct access, could perhaps improve this issue.
Another important limitation was that, given the exploratory
nature of the trial, only one recognition-reconciliation process
was planned for each patient, making it impossible to verify the
advantage of a continuous exchange of information from a series
of repeated processes to monitor changes in medications taken
at home. A new trial (PROF-2) is ongoing to further implement
and validate the model, this time incorporating the repetition
of the recognition-reconciliation processes before each
chemotherapy cycle. Another imitation concerns drug-drug
interactions. As stated above, the use of a surprisingly high
number of drugs, supplements, and nonconventional products
were declared by patients, raising the question of possible
interactions. However, we did not focus on the drug-drug
interactions that emerged from the reconciliations performed
by oncologists, as this was not an aim of the study. Conversely,
our analysis of the potential interactions between cancer drugs
and nonconventional products confirmed the importance of this
issue. Finally, the difficult reproducibility of the proposed model

must be emphasized as a possible limitation because of some
basic requirements (ie, a high level of computerization of the
centers taking part and the strict regulation of data processing
and patient privacy). The strengths that made it possible to
complete the project were the solidity of the computerized
medical records present in our cancer institute, the presence of
an IT platform that could be shared by all private and public
CPs, and the approval of the project by the local ethics
committee after in-depth teamwork to resolve the issues of
professional responsibility, data ownership, and privacy
management.

Based on the results from this pilot study, the alliance between
the cancer center and the CPs of Romagna has led to the creation
of a cancer network which, albeit initially established to meet
a specific need, could help to systematically establish safety
pathways for drugs used at home. This initiative could also
contribute to increasing adherence to innovative drugs, essential
not only for the success of treatment but also for the
sustainability of the national health service of every nation. It
could also improve the management of ancillary drugs for the
prevention of toxicities, often underestimated or self-managed
by patients [23]. The PROF-1 project was conceived and
designed some years before the COVID-19 pandemic, which
has forced the community to acknowledge the importance of
the territory in the management of patients’ needs. Within this
context, our model proved highly functional not only in terms
of the study’s main aim (pharmacological reconciliation), but
also in terms of the successful creation of a hospital community
network whose impact may well exceed what was originally
hypothesized.

Conclusions
The PROF-1 trial represents an important step forward in
medication reconciliation in oncology. The alliance established
between our cancer institute and local CPs to enhance
medication reconciliation in transitions in care led to the creation
of an innovative organizational model and the validation of a
new integrated IT platform.

 

Acknowledgments
The authors wish to thank the late Professor Dino Amadori for his important contribution to the study design and for his support
of this ambitious project from the very beginning. They also wish to thank all the patients who agreed to use the CPs (community
pharmacy) involved in the study, thus contributing to the development of this experimental model; the CP pharmacists who took
part in the project; Chiara Crispo and Andrea Tarozzi, Professor of Pharmacology at Bologna University, for their help with the
analysis of drug interactions. Many authorities and professionals must be thanked for the support given to the project: the regional
and provincial presidents of Federfarma in office at the start of the project and those currently in office (Daniele Raganato,
Benedetta Camerani, Domenico Dal Re, Achille Gallina Toschi, Alberto Lattuneddu, Roberto Deluigi, and Pietro Gueltrini);
Ernesto Toschi, the regional president of Assofarm, and Barbara Pesci and Bruna Baldassarri of the Municipal Pharmacy Company
of Ravenna; Bruno Foresti of Federfarma and Giulia Fatano of Promofarma; Giovanni Petrosillo and Daniele D’Angelo, former
directors of Promofarma, and Claudio Montalto, IT engineer formerly at Promofarma; Marco Cossolo, president of the National
Federfarma, Venanzio Gizzi, president of Assofarm, and Annarosa Racca, the former president of the National Federfarma;
Susanna Ciampalini of the Quality Office of the General Directorate of Health Planning, and Ester Sapigni from the Drug Policy
Service of the Emilia Romagna Region.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e31321 | p.1175https://www.jmir.org/2021/12/e31321
(page number not for citation purposes)

Passardi et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Authors' Contributions
MVM, RV, and ON conceived the idea for and designed the study. MVM, AP, and RV collected patient data. AP, MVM, ON,
PS, RV, CD, FF, SP, GT, PFG, GM, MA, and GLF were responsible for data interpretation. ON performed the statistical analyses.
AP and MVM drafted the paper. All coauthors reviewed the paper, providing important feedback to improve the manuscript. All
authors read and approved the present version of the manuscript for submission.

Conflicts of Interest
None declared.

Multimedia Appendix 1
PROF-1 (Progetto di Rete in Oncologia con le Farmacie di comunità della Romagna) trial flow chart.
[DOCX File , 74 KB - jmir_v23i12e31321_app1.docx ]

References
1. Raccomandazione n. 17. Riconciliazione della terapia farmacologica. Ministry of Health of Italy. 2014 Dec. URL: https:/

/www.salute.gov.it/imgs/C_17_pubblicazioni_2354_allegato.pdf [accessed 2021-12-09]
2. Regione Emilia Romagna. Sicurezza nella terapia farmacologica “Processo di ricognizione e di riconciliazione farmacologica

per una prescrizione corretta e sicura”. Regione Emilia Romagna. 2015 Oct. URL: https://salute.regione.emilia-romagna.it/
normativa-e-documentazione/rapporti/sicurezza-terapia-farmacologica/sicurezza_farmacologica_2-rev2015.pdf [accessed
2021-12-09]

3. Raccomandazione per la prevenzione degli errori in terapia con farmaci antineoplastici. Ministry of Health of Italy. 2012
Oct 14. URL: https://www.salute.gov.it/imgs/C_17_pubblicazioni_1861_allegato.pdf [accessed 2021-11-09]

4. No authors listed. Using Medication Reconciliation to Prevent Errors. The Joint Commission Journal on Quality and Patient
Safety 2006 Apr;32(4):230-232. [doi: 10.1016/s1553-7250(06)32030-2] [Medline: 16649655]

5. Qato DM, Wilder J, Schumm LP, Gillet V, Alexander GC. Changes in Prescription and Over-the-Counter Medication and
Dietary Supplement Use Among Older Adults in the United States, 2005 vs 2011. JAMA Intern Med 2016
Apr;176(4):473-482 [FREE Full text] [doi: 10.1001/jamainternmed.2015.8581] [Medline: 26998708]

6. The High 5s Project. Interim Report. World Health Organisation. 2013. URL: https://www.who.int/patientsafety/
implementation/solutions/high5s/High5_InterimReport.pdf [accessed 2021-12-09]

7. Kwan JL, Lo L, Sampson M, Shojania KG. Medication reconciliation during transitions of care as a patient safety strategy:
a systematic review. Ann Intern Med 2013 Mar 05;158(5 Pt 2):397-403 [FREE Full text] [doi:
10.7326/0003-4819-158-5-201303051-00006] [Medline: 23460096]

8. The High 5s Project. Standard Operating Protocol. Assuring Medication Accuracy at Transitions in Care. World Health
Organisation. URL: https://www.who.int/patientsafety/implementation/solutions/high5s/h5s-sop.pdf [accessed 2021-12-09]

9. Daruwalla Z, Thakkar V, Aggarwal M, Kiasatdolatabadi A, Guergachi A, Keshavjee K. Patient Empowerment: The Role
of Technology. Stud Health Technol Inform 2019;257:70-74. [Medline: 30741175]

10. Gobal Oncology Trends 2019. The IQVIA Institute. URL: https://www.iqvia.com/insights/the-iqvia-institute/reports/
global-oncology-trends-2019 [accessed 2021-12-09]

11. Riechelmann RP, Tannock IF, Wang L, Saad ED, Taback NA, Krzyzanowska MK. Potential drug interactions and duplicate
prescriptions among cancer patients. J Natl Cancer Inst 2007 Apr 18;99(8):592-600. [doi: 10.1093/jnci/djk130] [Medline:
17440160]

12. Alqenae FA, Steinke D, Keers RN. Prevalence and Nature of Medication Errors and Medication-Related Harm Following
Discharge from Hospital to Community Settings: A Systematic Review. Drug Saf 2020 Jun;43(6):517-537 [FREE Full
text] [doi: 10.1007/s40264-020-00918-3] [Medline: 32125666]

13. Bonaudo M, Martorana M, Dimonte V, D'Alfonso A, Fornero G, Politano G, et al. Medication discrepancies across multiple
care transitions: A retrospective longitudinal cohort study in Italy. PLoS One 2018;13(1):e0191028 [FREE Full text] [doi:
10.1371/journal.pone.0191028] [Medline: 29329310]

14. Medication Without Harm. World Health Organization. 2017. URL: https://apps.who.int/iris/bitstream/handle/10665/
255263/WHO-HIS-SDS-2017.6-eng.pdf;jsessionid=A93A39CC2B5A9DEEF2F43FFC0C2A70DB?sequence=1 [accessed
2021-12-09]

15. Monitoraggio della Spesa Farmaceutica Nazionale e Regionale Gennaio-Luglio 2020. Agenzia Italiana del Farmaco (AIFA).
2020 Dec 10. URL: https://www.aifa.gov.it/documents/20142/847405/Monitoraggio_Spesa_gennaio-luglio-2020.pdf/
4170fed0-1430-dcfe-1e6c-53b7d6fa7592 [accessed 2022-12-09]

16. Rapporto Censis sul valore sociale dell’integratore alimentare. Centro Studi Investimenti Sociali (CENIS). 2019. URL:
https://www.federsalus.it/wp-content/uploads/2019/06/Rapporto-Censis-definitivo-1.pdf [accessed 2021-12-09]

17. Axelsson R, Axelsson SB. Integration and collaboration in public health--a conceptual framework. Int J Health Plann
Manage 2006;21(1):75-88. [doi: 10.1002/hpm.826] [Medline: 16604850]

J Med Internet Res 2021 | vol. 23 | iss. 12 | e31321 | p.1176https://www.jmir.org/2021/12/e31321
(page number not for citation purposes)

Passardi et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

jmir_v23i12e31321_app1.docx
jmir_v23i12e31321_app1.docx
https://www.salute.gov.it/imgs/C_17_pubblicazioni_2354_allegato.pdf
https://www.salute.gov.it/imgs/C_17_pubblicazioni_2354_allegato.pdf
https://salute.regione.emilia-romagna.it/normativa-e-documentazione/rapporti/sicurezza-terapia-farmacologica/sicurezza_farmacologica_2-rev2015.pdf
https://salute.regione.emilia-romagna.it/normativa-e-documentazione/rapporti/sicurezza-terapia-farmacologica/sicurezza_farmacologica_2-rev2015.pdf
https://www.salute.gov.it/imgs/C_17_pubblicazioni_1861_allegato.pdf
http://dx.doi.org/10.1016/s1553-7250(06)32030-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16649655&dopt=Abstract
http://europepmc.org/abstract/MED/26998708
http://dx.doi.org/10.1001/jamainternmed.2015.8581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26998708&dopt=Abstract
https://www.who.int/patientsafety/implementation/solutions/high5s/High5_InterimReport.pdf
https://www.who.int/patientsafety/implementation/solutions/high5s/High5_InterimReport.pdf
https://www.acpjournals.org/doi/abs/10.7326/0003-4819-158-5-201303051-00006?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.7326/0003-4819-158-5-201303051-00006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23460096&dopt=Abstract
https://www.who.int/patientsafety/implementation/solutions/high5s/h5s-sop.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30741175&dopt=Abstract
https://www.iqvia.com/insights/the-iqvia-institute/reports/global-oncology-trends-2019
https://www.iqvia.com/insights/the-iqvia-institute/reports/global-oncology-trends-2019
http://dx.doi.org/10.1093/jnci/djk130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17440160&dopt=Abstract
http://europepmc.org/abstract/MED/32125666
http://europepmc.org/abstract/MED/32125666
http://dx.doi.org/10.1007/s40264-020-00918-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32125666&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0191028
http://dx.doi.org/10.1371/journal.pone.0191028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29329310&dopt=Abstract
https://apps.who.int/iris/bitstream/handle/10665/255263/WHO-HIS-SDS-2017.6-eng.pdf;jsessionid=A93A39CC2B5A9DEEF2F43FFC0C2A70DB?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/255263/WHO-HIS-SDS-2017.6-eng.pdf;jsessionid=A93A39CC2B5A9DEEF2F43FFC0C2A70DB?sequence=1
https://www.aifa.gov.it/documents/20142/847405/Monitoraggio_Spesa_gennaio-luglio-2020.pdf/4170fed0-1430-dcfe-1e6c-53b7d6fa7592
https://www.aifa.gov.it/documents/20142/847405/Monitoraggio_Spesa_gennaio-luglio-2020.pdf/4170fed0-1430-dcfe-1e6c-53b7d6fa7592
https://www.federsalus.it/wp-content/uploads/2019/06/Rapporto-Censis-definitivo-1.pdf
http://dx.doi.org/10.1002/hpm.826
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16604850&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


18. Tenti E, Casadei Gardini A, Schirone A, Passardi A, Minguzzi M, Prati E, et al. Medication reconciliation in cancer day
hospital. JCO 2015 May 20;33(15_suppl):e17748-e17748. [doi: 10.1200/jco.2015.33.15_suppl.e17748]

19. Mekonnen AB, McLachlan AJ, Brien JAE. Effectiveness of pharmacist-led medication reconciliation programmes on
clinical outcomes at hospital transitions: a systematic review and meta-analysis. BMJ Open 2016 Feb 23;6(2):e010003
[FREE Full text] [doi: 10.1136/bmjopen-2015-010003] [Medline: 26908524]

20. Mueller SK, Sponsler KC, Kripalani S, Schnipper JL. Hospital-based medication reconciliation practices: a systematic
review. Arch Intern Med 2012 Jul 23;172(14):1057-1069 [FREE Full text] [doi: 10.1001/archinternmed.2012.2246]
[Medline: 22733210]

21. Broadfield L, Shaheen P, Rogez M, Jamieson K, McCallum M. Guidelines for outpatient cancer care by community
pharmacists. Can Pharm J (Ott) 2017;150(1):24-31 [FREE Full text] [doi: 10.1177/1715163516680009] [Medline: 28286590]

22. Mueller SK, Sponsler KC, Kripalani S, Schnipper JL. Hospital-based medication reconciliation practices: a systematic
review. Arch Intern Med 2012 Jul 23;172(14):1057-1069 [FREE Full text] [doi: 10.1001/archinternmed.2012.2246]
[Medline: 22733210]

23. Broadfield L, Shaheen P, Rogez M, Jamieson K, McCallum M. Guidelines for outpatient cancer care by community
pharmacists. Can Pharm J (Ott) 2017;150(1):24-31 [FREE Full text] [doi: 10.1177/1715163516680009] [Medline: 28286590]

Abbreviations
AUSL: Azienda unità sanitaria locale
CP: community pharmacy
IRST: Istituto Romagnolo per lo Studio dei Tumori
IT: information technology
PROF: Progetto di Rete in Oncologia con le Farmacie di comunità della Romagna

Edited by R Kukafka; submitted 29.06.21; peer-reviewed by M Salimi, M Khokhar; comments to author 05.08.21; revised version
received 21.09.21; accepted 29.10.21; published 20.12.21.

Please cite as:
Passardi A, Serra P, Donati C, Fiori F, Prati S, Vespignani R, Taglioni G, Farfaneti Ghetti P, Martinelli G, Nanni O, Altini M,
Frassineti GL, Minguzzi MV
An Integrated Model to Improve Medication Reconciliation in Oncology: Prospective Interventional Study
J Med Internet Res 2021;23(12):e31321
URL: https://www.jmir.org/2021/12/e31321 
doi:10.2196/31321
PMID:34932001

©Alessandro Passardi, Patrizia Serra, Caterina Donati, Federica Fiori, Sabrina Prati, Roberto Vespignani, Gabriele Taglioni,
Patrizia Farfaneti Ghetti, Giovanni Martinelli, Oriana Nanni, Mattia Altini, Giovanni Luca Frassineti, Martina Vittoria Minguzzi.
Originally published in the Journal of Medical Internet Research (https://www.jmir.org), 20.12.2021. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the
Journal of Medical Internet Research, is properly cited. The complete bibliographic information, a link to the original publication
on https://www.jmir.org/, as well as this copyright and license information must be included.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e31321 | p.1177https://www.jmir.org/2021/12/e31321
(page number not for citation purposes)

Passardi et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1200/jco.2015.33.15_suppl.e17748
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=26908524
http://dx.doi.org/10.1136/bmjopen-2015-010003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26908524&dopt=Abstract
http://europepmc.org/abstract/MED/22733210
http://dx.doi.org/10.1001/archinternmed.2012.2246
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22733210&dopt=Abstract
http://europepmc.org/abstract/MED/28286590
http://dx.doi.org/10.1177/1715163516680009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28286590&dopt=Abstract
http://europepmc.org/abstract/MED/22733210
http://dx.doi.org/10.1001/archinternmed.2012.2246
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22733210&dopt=Abstract
http://europepmc.org/abstract/MED/28286590
http://dx.doi.org/10.1177/1715163516680009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28286590&dopt=Abstract
https://www.jmir.org/2021/12/e31321
http://dx.doi.org/10.2196/31321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34932001&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Implementation of Fingerprint Technology for Unique Patient
Matching and Identification at an HIV Care and Treatment Facility
in Western Kenya: Cross-sectional Study

Noah Kasiiti Jaafa1*, BSc, MHI; Benard Mokaya1*, BSc; Simon Muhindi Savai1*, BSc; Ada Yeung2, MHSA; Abraham

Mosigisi Siika3, MBChB, MMed; Martin Were4*, MS, MD
1Institute of Biomedical Informatics, Moi University, Eldoret, Kenya
2Vanderbilt Institute for Global Health, Vanderbilt University Medical Center, Nashville, TN, United States
3Department of Medicine, School of Medicine, Moi University, Eldoret, Kenya
4Department of Biomedical Informatics and Medicine, Vanderbilt University Medical Center, Nashville, TN, United States
*these authors contributed equally

Corresponding Author:
Noah Kasiiti Jaafa, BSc, MHI
Institute of Biomedical Informatics
Moi University
Nandi Road
Eldoret, PO Box 3900-30100
Kenya
Phone: 256 753764102
Email: kasiitinoah@gmail.com

Abstract

Background: Unique patient identification remains a challenge in many health care settings in low- and middle-income countries
(LMICs). Without national-level unique identifiers for whole populations, countries rely on demographic-based approaches that
have proven suboptimal. Affordable biometrics-based approaches, implemented with consideration of contextual ethical, legal,
and social implications, have the potential to address this challenge and improve patient safety and reporting accuracy. However,
limited studies exist to evaluate the actual performance of biometric approaches and perceptions of these systems in LMICs.

Objective: The aim of this study is to evaluate the performance and acceptability of fingerprint technology for unique patient
matching and identification in the LMIC setting of Kenya.

Methods: In this cross-sectional study conducted at an HIV care and treatment facility in Western Kenya, an open source
fingerprint application was integrated within an implementation of the Open Medical Record System, an open source electronic
medical record system (EMRS) that is nationally endorsed and deployed for HIV care in Kenya and in more than 40 other
countries; hence, it has potential to translate the findings across multiple countries. Participants aged >18 years were conveniently
sampled and enrolled into the study. Participants’ left thumbprints were captured and later used to retrieve and match records.
The technology’s performance was evaluated using standard measures: sensitivity, false acceptance rate, false rejection rate, and
failure to enroll rate. The Wald test was used to compare the accuracy of the technology with the probabilistic patient-matching
technique of the EMRS. Time to retrieval and matching of records were compared using the independent samples 2-tailed t test.
A survey was administered to evaluate patient acceptance and satisfaction with use of the technology.

Results: In all, 300 participants were enrolled; their mean age was 36.3 (SD 12.2) years, and 58% (174/300) were women. The
relevant values for the technology’s performance were sensitivity 89.3%, false acceptance rate 0%, false rejection rate 11%, and
failure to enroll rate 2.3%. The technology’s mean record retrieval speed was 3.2 (SD 1.1) seconds versus 9.5 (SD 1.9) seconds
with demographic-based record retrieval in the EMRS (P<.001). The survey results revealed that 96.3% (289/300) of the participants
were comfortable with the technology and 90.3% (271/300) were willing to use it. Participants who had previously used fingerprint
biometric systems for identification were estimated to have more than thrice increased odds of accepting the technology (odds
ratio 3.57, 95% CI 1.0-11.92).

Conclusions: Fingerprint technology performed very well in identifying adult patients in an LMIC setting. Patients reported a
high level of satisfaction and acceptance. Serious considerations need to be given to the use of fingerprint technology for patient
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identification in LMICs, but this has to be done with strong consideration of ethical, legal, and social implications as well as
security issues.

(J Med Internet Res 2021;23(12):e28958)   doi:10.2196/28958

KEYWORDS

biometrics; patient matching; fingerprints; unique patient identification; electronic medical record systems; low- and middle-income
countries (LMICs)

Introduction

Background
Unique patient matching and identification across health services
is an operational challenge in many health care settings [1-4].
Commonly used identifiers such as patient names, ID numbers,
national ID numbers, and dates of birth are often inadequate at
guaranteeing unique patient identification, and sometimes these
data may not be available [5-7]. Failure to correctly match
patients largely contributes to inefficiencies in care delivery,
resulting in medical errors that can affect patient safety [8]. In
the United States alone, an estimated average of 400,000 deaths
occur annually because of medical errors [9]. The problem is
even more significant in low- and middle-income countries
(LMICs), with many of these countries yet to implement
accurate and comprehensive person identification procedures
that ensure unambiguous identification of all citizens and
residents [10].

Patient identity management has relied heavily on either
deterministic or probabilistic algorithms, as well as other
statistical matching procedures [11,12]. Deterministic matching
algorithms use exact match or comparisons between 2 fields
[13]. These algorithms compare identifiers such as national IDs
for each record to determine a match. Probabilistic matching,
which is by far the most widely implemented technique for
record matching [14], does not necessarily depend on unique
identifiers [15]. This technique assigns weights to records to
calculate the probability of linkage among them; it then uses
the observed frequency of agreement and disagreement patterns
among the records. The total linkage weight is then compared
with a threshold above which pairs are considered a match
[16-18]. The challenge with deterministic algorithms is their
lack of scalability and the requirement for expensive
customization and business rule revisions as databases grow in
size [19]. Furthermore, not all probabilistic algorithms applied
to the same set of circumstances yield results with the same
degree of accuracy because they are based on field-specific
weights rather than value-specific weights [20]. Application of
statistical matching approaches is further limited where patients
may have isolated sets of their information distributed across
multiple disparate systems. In addition, people may not
consistently use their official names, with some preferring to
use abbreviations or alternative expressions. Name misspellings
and name-order transpositions are also encountered [21,22].

In our own institutional experience, the evaluation of various
4-string manipulation strategies to improve the performance of
probabilistic models of patient matching based on Kenyan names
revealed a suboptimal specificity and positive predictive value
of <50% when matching patient names from 2 independent

clinical databases [23]. This was indeed a low level of
performance accuracy, especially in a health care setting. It is
therefore imperative that better patient-matching approaches
are determined, especially as settings start to exchange,
aggregate, and centralize clinical data from multiple sources.
Beyond matching performance, any approach to be considered
has to be relatively affordable, feasible, and acceptable in LMIC
care settings.

Use of Fingerprinting
Biometric approaches offer a potential solution to the challenge
by trying to tackle some of issues identified in the traditional
patient-matching algorithms [24]. The use of fingerprinting is
already quite common in many LMICs, often for national-level
voter registration and immigration services, among others.
Fingerprinting and other biometric technologies are not without
challenges. Special consideration needs to be given to the
ethical, cultural, social, and legal implications of these solutions
[25]. For example, some people may have concerns about the
safety, encryption, and secondary use of their biometric data
[26]. Studies have cited concerns by users about the hygiene of
touching these devices [27-29]. Given the potential benefits of
these technologies for improving patient matching and the poor
performance of existing statistical patient-matching models,
rigorous evaluations need to be conducted that weigh
fingerprinting benefits (improving matching) against concerns
by key stakeholders.

The basic principle of biometric authentication is that everyone
is unique and can be identified by their intrinsic physical or
behavioral traits [30]. Biometric technologies such as
fingerprinting offer a potentially promising solution given that
fingerprinting scanners are ubiquitous, the technology is
relatively easy to acquire and use [31], the scanners require
minimal database memory requirements, and there have been
several demonstrated instances of their large-scale
implementation and dominance in other sectors [32,33]. A
fingerprint consists of a pattern of ridges and valleys in the
surface of the fingertips, and its formation is related to the earlier
fetal months [34]. It is the ridges and valleys that are extracted
as minutiae that are converted into a template for storage in the
database. The template is always retrieved and compared with
a fresh scan (new template) during matching and identifications
processes [35]. In this study, we set out to (1) evaluate the
performance of using fingerprint biometric technology for
patient matching within an LMIC setting and (2) evaluate
acceptability and patient perception of using this system for
patient identification and matching.
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Methods

Study Setting and Participants
This study was conducted at care facilities served by the
Academic Model Providing Access to Healthcare (AMPATH)
in Western Kenya. The program offers HIV care and treatment
services, with more than 100,000 patients who have tested
positive for HIV currently under care. The program operates in
partnership with Kenya’s Ministry of Health and with support
from the United States Agency for International Development.
This study was conducted at AMPATH clinical facilities located
in Eldoret, Kenya. The study population included consenting
patients aged ≥18 years visiting the AMPATH clinics for care.
Patients aged <18 years were excluded because of the intricacies
involved in obtaining their consent and in filling surveys.
AMPATH uses an adaptation of the Open Medical Record
System, an open source electronic medical record system
(EMRS) deployed widely in LMICs [36,37]. Patient records in
the system contain demographic information that includes
several patient attributes, for example, name, age or birthdate,
national ID number if available, and telephone number. The
Fellegi–Sunter algorithm is used within the EMRS for patient
matching. The Fellegi–Sunter algorithm is a weighted
probabilistic-based record linkage approach that relies on
matching weights to compute a maximum likelihood estimate
that determines whether a record pair is a match or nonmatch
[38].

Study Design
The mUzima Fingerprint Module version 1.0 was developed to
work as an integrated module within the EMRS in a client
server–model architecture. The module was developed using
Java Web Start (Oracle Corporation), which uses the Java

Network Launching Protocol to download and run the
fingerprint application locally on the client machine. This
particular technology provides an easy 1-click activation of
remotely hosted applications, guaranteeing application efficiency
and elimination of complicated installation or upgrade
procedures [39].

Fingerprint Technology–Matching Algorithm
The fingerprint-matching technology was based on the Bozorth3
fingerprint-matching algorithm (National Institute of Standards
and Technology) [40]. Bozorth3, a minutiae-based algorithm,
does both one-to-one and one-to-many matching operations.
The recommended Bozorth3 threshold is the integer 40.
However, during the technology testing phase, test runs at a
threshold of 40 often produced false positives, and after
numerous tests, a threshold of 70 proved to be a better measure
to work with for this study. For every patient, 3 instances of the
same left thumbprint were captured, converted into templates,
and stored in the database. A patient was identified positively
if any of the 3 instances returned a matching value of ≥70, the
set threshold; otherwise, it returned a nonmatch.

Fingerprint Technology User Interface
The fingerprint module user interface provided 2 options for
searching a patient either by their demographic information
(name) or by fingerprint. A name search using the probabilistic
patient-matching algorithm of the current EMRS returned all
database instances with the same or similar name, with matches
refined as more information was entered (Figure 1). However,
when the same person was searched using their fingerprint as
the identifier, a distinct and unique result was returned (Figure
2). The workflow for the fingerprint technology module is
presented in Multimedia Appendix 1.

Figure 1. Screenshot showing the output of a patient search (“Mark”) using a probabilistic-based algorithm.
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Figure 2. Screenshot showing the output of a patient search (“Mark”) using fingerprint technology.

Matching Accuracy and Time to Retrieve Records
(Fingerprint Technology vs Probabilistic Matching)
The current probabilistic patient-matching method used within
the AMPATH EMRS was compared with the integrated
fingerprint-matching and identification module. A convenience
sample of 300 patients was recruited and enrolled for the study.
When the patients arrived at the clinic for the visit, they received
informed consent from the study researcher (NJK), and if they
consented, 3 instances of their left thumbprint were captured
through the EMRS interface. The fingerprint module converted
the captured prints into a template and stored them in the
database for later use, to either match or retrieve records. Record
retrieval was performed at different points of care within the
facility, as would have been required of a provider retrieving a
patient record before offering care.

The performance of the fingerprint technology was evaluated
using standard measures: participants correctly identified,
sensitivity, false acceptance rate (FAR), false rejection rate
(FRR), and failure to enroll rate (FER). The Wald test for
proportions was used to compare the accuracy of the fingerprint

technology with that of the Fellegi–Sunter probabilistic
patient-matching technique used within the EMRS. Time to
matching and retrieval of records (measured in seconds using
a timer) were compared when records were retrieved through
matching of data entered by clinical personnel against those
retrieved through fingerprint technology–based patient matching.
A survey was also administered to evaluate participants’
acceptance and satisfaction of the fingerprint technology
(Multimedia Appendix 2). The survey evaluated participants’
understanding, comfort, perception, and willingness to accept
the use of fingerprint technology for patient identification.

Fingerprint Technology Performance Measures (FAR,
FRR, and FER)
Data entry and analyses were performed using STATA software
(version 13.1 SE; StataCorp LLC). Age was summarized using
mean and the corresponding SD. Categorical variables, for
example, gender, level of education, and occupation, were
summarized using frequencies and the corresponding
percentages. Calculations were also performed on the standard
biometric measures (Table 1).

Table 1. Calculated fingerprint technology performance measures.

FormulaDefinitionMeasure

True positives/(true positives + false negatives) × 100The ability of a system to correctly identify and match patients en-
rolled in the database

Sensitivity

True negatives/(true negatives + false positives) × 100The ability of the system to correctly reject patients not enrolled in
the database

Specificity

False acceptance/total number of attempts × 100The probability that a user who should be rejected is accepted by
the system

False acceptance rate

False rejection/total number of attempts × 100The probability that a user who should be accepted is rejected by
the system

False rejection rate

False attempts/total number of attempts × 100The rate at which attempts to create a template from a scanned image
are unsuccessful

Failure to enroll rate
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Acceptability of the Fingerprint-Matching System
Acceptability of the fingerprint biometric system was derived
using 3 stand-alone variables: willingness to use the fingerprint
system in the future, threats to patient privacy as a result of
using the biometric system, and comfort while using the system
during registration. The association between categorical
variables and acceptability was assessed using the Pearson
chi-square test. The logistic regression model was used to assess
the predictors of acceptability of the fingerprint biometric
system. Odds ratios and the corresponding 95% CIs were
reported. The Wald test for proportions was used to compare
the level of accuracy of the fingerprint technology with the null
value (level of accuracy reported of the probabilistic
patient-matching approach).

This study was approved by the institutional review and ethics
committee at Moi University in Eldoret, Kenya
(MU/MTRH-IREC approval number FAN: IREC 1832).

Results

Overview
A total of 307 participants who were approached consented to
the study, of whom 300 (97.7%) were registered using the
fingerprint technology for enrollment into the study; the other
7 (2.3%) could not be enrolled because of difficulties in
acquiring their prints, thus leading to an FER of 2.3%.

Demographic details of those enrolled are outlined in Table 2.
The participants’ mean age was 36.3 (SD 12.2) years. Of the
300 participants, 174 (58%) were women and 215 (71.7%) had
secondary or higher level of education (Table 2).

Table 2. Sociodemographic characteristics of participants (N=300).

ValuesVariable

36.1 (12.3)Age (years), mean (SD)

Gender, n (%)

126 (42)Male

174 (58)Female

Education level, n (%)

10 (3.3)Informal

75 (25)Primary

78 (26)Secondary

137 (45.7)Tertiary (college or university graduate)

Occupation, n (%)

66 (22)Student

125 (41.7)Working or retired

109 (36.3)Informal employment

Fingerprint Technology Performance
Considering the 300 appropriately scanned fingerprints, the
system had a sensitivity of 89.3% (268/300) and a specificity

of zero. However, the 32 unidentified fingerprints during the
patient-matching exercise were included as false negatives
(32/300, 10.7%; Table 3).

Table 3. False acceptance rate (FAR), false rejection rate (FRR), and failure to enroll rate (FER) for the fingerprint technology.

Result (%)CalculationMetric

2.37/307 × 100FER

00/300 × 100FAR

10.732/300 × 100FRR

89.3268/(266 + 32) × 100Sensitivity

00/(0 + 0) × 100Specificity

FAR, FRR, and FER
The fingerprint technology had an FAR of 0%, signifying that
the technology was able to perfectly determine that an individual
was not yet enrolled into the system, returning such instances
as nonmatches. However, of the 300 enrolled individuals, 32

(10.7%) were falsely considered nonmatches (FRR), signifying
that some individuals who were in the system could sometimes
not be matched (Table 3). The reasons for the slightly high FRR
were as follows: (1) weak finger pressure on the scanner (12/32,
37%), (2) faded prints (6/32, 19%), (3) scars on the thumb (6/32,
19%), (4) scanner response failure error (5/32, 16%), and (5)
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low-quality images (3/32, 9%). Of these reasons, (4) and (5)
were system-generated notifications, whereas the rest were
manually observed and tallied by the research team during the
exercise.

Matching Accuracy and Time to Retrieve Records
(Fingerprint Technology vs Probabilistic Matching)
The accuracy of the fingerprint technology compared with that
of the already established accuracy levels of the EMRS that
ranged from a minimum of 50% to a maximum of 70% showed
a value of P<.001 at both minimum and maximum levels, with
a power of >99%. It took an average of 3.2 (SD 1.1, range
1.0-6.8) seconds to retrieve patient records using the fingerprint
technology compared with 9.5 (SD 1.9, range 6.0-13.0) seconds
(P<.001) using the probabilistic algorithm of the AMPATH
Medical Record System.

Participants’ Perception of Biometric Systems
Of the 300 participants, only 107 (35.7%) had heard of a
biometric system before; 34 (11.3%) had used a fingerprint
identification system before and 11 (3.7%) a facial recognition
system, whereas none had used either an eye or iris identification
system or a voice-based identification system. Of the 300
participants, 255 (85%) either strongly agreed (65.7%, 197/300)
or agreed (19.3%, 58/300) that a biometric system could improve
identification, 30 (10%) disagreed, and 15 (5%) responded
“Don’t know” to this question. Of the 300 participants, 289
(96.3%) were comfortable or very comfortable with using the
fingerprint system, 290 (96.7%) expressed satisfaction with the
system, and 271 (90.3%) were willing to use fingerprint
technology for patient matching and identification in the future
(Table 4). Most (241/300, 80.3%) of the participants did not
think that technology threatened their privacy.

Table 4. Participants’ perception of the piloted fingerprint biometric system (N=300).

Values, n (%)Variable

Level of comfort during registration using fingerprint system

228 (76)Very comfortable

61 (20.3)Comfortable

5 (1.7)A little comfortable

3 (1)Not comfortable

3 (1)Would rather not say

General perception of the system

290 (96.7)Satisfied

10 (3.3)Dissatisfied

Willing to use fingerprint system in future

271 (90.3)Yes

8 (2.7)No

21 (7)Don’t know

Technology threatens own privacy

45 (15)Yes

241 (80.3)No

14 (4.7)Don’t know

Acceptability of Fingerprint Matching
Acceptability of the fingerprint technology was derived from
3 variables: participants’comfort: 96.3% (289/300), willingness
to use the fingerprint technology in the future: 90.3% (271/300),
and participants’ concerns regarding their privacy: 15%
(45/300). The variables used to denote acceptability were further
combined, that is, acceptability=yes if a participant was willing
to use the fingerprint biometric system in the future, was
comfortable or very comfortable using the fingerprint biometric
system during registration, and did not feel that their privacy
was threatened. The derived composite revealed that up to 77%
(231/300) of the participants demonstrated acceptability of the
fingerprint biometric system.

The Pearson chi-square test demonstrated no association
between sociodemographic characteristics and acceptability of
the fingerprint technology. However, the findings revealed that
the respondents who agreed that the fingerprint technology
offered an improved solution for patient matching were
associated with the acceptability of the fingerprint technology
for future use, 87.5% (202/300) versus 76.8% (53/300; P=.03).
Similarly, the respondents who were satisfied with the
fingerprint technology for identification were also associated
with the acceptability of the fingerprint system for future use,
99.1% (229/300) versus 88.4% (61/300; P=.001; Table 5).

After adjusting for the opinion on whether the fingerprint
biometric system offered an improved solution, opinion on
whether the current patient identifiers (eg, IDs and patient
numbers) offered an appropriate solution for identification,
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previous knowledge of biometric systems, and occupation,
participants who had previously used fingerprint biometric
systems for identification were estimated to have more than

thrice the increased odds of accepting the fingerprint biometric
system (odds ratio 3.57, 95% CI 1.0-11.92; Table 6).

Table 5. Bivariate associations of participants’ perception of biometrics and acceptability of the fingerprint technology system (N=300).

P valueAcceptable in the future, n (%)Variables

Yes (n=231)No (n=69)

Have ever heard of biometric systems before

—a151 (65.4)42 (60.9)No

.4980 (34.6)27 (39.1)Yes

Have ever used fingerprint biometric system before

—203 (87.9)65 (94.2)No

.1428 (12.1)4 (5.8)Yes

Opinion on whether the current patient identifiers (eg, IDs and patient numbers) offer an appropriate solution for identification

.1679 (34.2)30 (43.5)Agree or strongly agree

—152 (65.8)39 (56.5)Disagree or strongly disagree or don’t know

Opinion on whether biometric systems offer improved solution

—202 (87.5)53 (76.8)Agree or strongly agree

.03b29 (12.6)16 (23.2)Disagree or strongly disagree or don’t know

General perception of the system

—2 (0.9)8 (11.6)Dissatisfied

.001b229 (99.1)61 (88.4)Satisfied

aNot available.
bPearson chi-square test.

Table 6. Determinants of acceptability of the fingerprint biometric system (N=300).

AORb (95% CI)UORa (95% CI)Variables

Biometric systems offer improved solution

ReferenceReferenceDisagree or strongly disagree or don’t know

2.30 (1.12-4.69)2.10 (1.06-4.16)Agree or strongly agree

Current patient identifiers offer an appropriate solution for identification

ReferenceReferenceDisagree or strongly disagree or don’t know

0.61 (0.34-1.09)0.68 (0.39-1.17)Agree or strongly agree

0.51 (0.27-0.96)0.82 (0.47-1.43)Have ever heard of biometric systems before

3.57 (1.07-11.92)c2.24 (0.76-6.63)Have ever used fingerprint biometric system for identification

Occupation

1.56 (0.73-3.33)1.30 (0.63-2.71)Working or retired vs student

0.72 (0.34-1.53)0.74 (0.36-1.51)Informal employment vs student

aUOR: unadjusted odds ratio.
bAOR: adjusted odds ratio.
cPearson chi-square test.
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Discussion

Principal Findings
The matching speed of the fingerprint technology was
significantly lower and better than that of the demographic-based
retrieval matching technology, that is, 3.2 (SD 1.1) seconds
versus 9.5 (SD 1.9) seconds (P<.001). The system operated in
a mode where no imposter was falsely considered a match in
300 attempts. However, 10.7% (32/300) of the genuine attempts
were falsely considered as nonmatches (FAR 0/300 = 0.0% at
an FRR 32/300 = 10.7%). The participants’ acceptability of the
technology was demonstrated with most (289/300, 96.3%) of
them indicating that they were comfortable with the technology
and 90.3% (271/300) being willing to use the technology in the
future. Although concerns about performance and acceptability
of biometric technologies, especially fingerprint technology,
are often discussed, few studies have comprehensively evaluated
this technology in LMICs, despite fingerprint technology being
widely available and affordable in these settings. Existing studies
have largely described development of fingerprint technology
systems without reporting on the performance using standard
measures [41,42]. The few that have evaluated performance
have not looked at the perceptions and acceptability of these
systems [43]. To our knowledge, this is the first study to
comprehensively evaluate performance, acceptability, and
attitudes toward the use of fingerprint technology in an LMIC
setting. The accuracy of the fingerprint technology–matching
algorithm was significantly higher than that of the existing
Fellegi–Sunter probabilistic algorithm. This is in line with the
previous demonstration of the accuracy of fingerprint systems
through systematic reviews, for example, a study of this
technology in Nigeria recorded a success rate of 94% [43]. Not
only did we demonstrate that fingerprint technology performed
well, but we also demonstrated that it was more efficient than
the traditional record-searching mechanisms at retrieving patient
records from the EMRS. Data from this study add to the body
of evidence of the potential of fingerprint technology to improve
patient identification and matching in LMICs, which often lack
unique identifiers and which experience other challenges to
patient identification.

Despite performing better than traditional patient-matching
approaches, the technology still failed to enroll a small number
of individuals (FER 2.3%, 7/300) and to match 10.7% (32/300)
of the registered individuals (FRR 10.7%, 32/300). A key reason
for the failure to identify 10.7% (32/300) of the registered
individuals was related to issues with the thumbprint of the
individual patient (worn out thumbprint), signifying that
performance of these systems could be improved by considering
alternative or multiple fingers when one did not suffice. The
other reasons were related to operator and technology issues,
also suggesting that improving the scanner and software could
improve system performance. To reduce costs, we tested the
technology using only 1 scanner type (DigitalPersona U.are.U
4500; DigitalPersona, Inc) with open source software, but we
recognize that there are other scanners that could perform better.
There also needs to be better training of operators and improved
level of machine-generated notifications to improve
performance. In the COVID-19 pandemic era, it is important

to not only understand how to operate these systems beyond
simply recording fingerprints, but to also learn how to ensure
that scanners are cleaned well and social distancing is
maintained between the operator and the patient whose
fingerprint is being captured. The aforementioned findings also
suggest that fingerprint technology should not necessarily be
seen as a replacement for traditional deterministic and
probabilistic methods; rather, it should be looked upon as an
additional and complementary enhancement.

This study indicated that fingerprint technology would be
acceptable to patients in these settings. A surprisingly high
number of participants (271/300, 90.3%) were willing to use
the technology and expressed satisfaction with its use (290/300,
96.7%). This aligns with the findings from another study on
adoption of fingerprint scanning during contact investigation
for tuberculosis in Kampala, Uganda, where fingerprint
technology was found to be feasible and acceptable [44]. A
notable finding in our study was that participants’
sociodemographic characteristics and their perceptions were
generally not associated with acceptability of the fingerprint
technology. Previous users of the fingerprint technology
biometric system were associated with more than thrice the
increased odds of accepting the fingerprint biometric solution,
signifying that if implemented well, fingerprint technology is
likely to achieve even more acceptance with patients.

Only 15% (45/300) of the participants felt that the technology
threated their privacy. Previous studies have demonstrated
similar lower concern regarding privacy in LMICs. As an
example, in a study evaluating authentication options for mobile
health apps in younger and older adults, only approximately
10% of the participants were concerned about the storage of
their face scans, whereas only 4% were concerned about the
privacy requirements [45]. Users’ concerns regarding privacy
tend to be paradoxical because they sometimes vary depending
on the technology and user knowledge of the subject [46].
Despite our participant responses, privacy remains a key concern
with fingerprint technology. In LMICs, there is a particular need
for patient education and sensitization on the privacy and
security of these technologies. Furthermore, there should be
strong frameworks, guidelines, and standard operating
procedures that cover ownership, control, and use of, as well
as access to, patients’ biometric data [47]. In fact, in settings
such as those of LMICs, more protections are needed, given
that patients might be vulnerable simply because they may have
less understanding of the technology. As previously described,
ethical guidelines to consider while implementing biometrics
should include, but not be limited to, the following: (1)
secondary principles and rights (right of access to information
and data protection principles), (2) surveillance society issues
(choice, power, empowerment, transparency and accountability,
consent, and communication with the user), and (3) health and
hygiene concerns regarding biometrics (physical contact
between people providing the biometric data and the official
enrolling the individuals) [48].

This study included several limitations that deserve a mention.
The technology was tested on only 1 scanner type
(DigitalPersona U.are.U 4500), and only the thumbprint was
used. Although the system performed very well, there is room
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for improvement to incorporate the capture of more fingers and
to leverage the features of other scanners. In addition, infants
were not catered for in this study, given the known challenges
with fingerprint capture in this population [49,50]. Beyond
attitudes and perceptions of patients, it would also be important
to capture the perceptions of other stakeholders regarding
fingerprint technologies, including providers, managers, and
health ministry leaders. The next steps include further refinement
of this system and working with key stakeholders to determine
its role in supporting national health information systems in
Kenya and other countries.

Conclusions
Fingerprint biometric technology offers an improved patient
identification mechanism compared with traditional
deterministic and probabilistic techniques. Accuracy can be
greatly improved when more than one finger is captured during
enrollment because this captures more minutiae. The technology
is also acceptable to patients in resource-limited settings.
However, large-scale deployment should take ethical, legal, and
social implications as well as security issues into consideration.
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Abstract

Background: High expectations have been set for the implementations of health information systems (HIS) in health care.
However, nurses have been dissatisfied after implementations of HIS. In particular, poorly functioning electronic health records
(EHRs) have been found to induce stress and cognitive workload. Moreover, the need to learn new systems may require considerable
effort from nurses. Thus, EHR implementations may have an effect on the well-being of nurses.

Objective: This study aimed to examine the associations of EHR-to-EHR implementations and the sufficiency of related training
with perceived stress related to information systems (SRIS), time pressure, and cognitive failures among registered nurses.
Moreover, we examined the moderating effect of the employment sector (hospital, primary care, social services, and others) on
these associations.

Methods: This study was a cross-sectional survey study of 3610 registered Finnish nurses in 2020. EHR implementation was
measured by assessing whether the work unit of each respondent had implemented or will implement a new EHR (1) within the
last 6 months, (2) within the last 12 months, (3) in the next 12 months, and (4) at no point within the last 12 months or in the
forthcoming 12 months. The associations were examined using analyses of covariance adjusted for age, gender, and employment
sector.

Results: The highest levels of SRIS (adjusted mean 4.07, SE 0.05) and time pressure (adjusted mean 4.55, SE 0.06) were
observed among those who had experienced an EHR implementation within the last 6 months. The lowest levels of SRIS (adjusted
mean 3.26, SE 0.04), time pressure (adjusted mean 4.41, SE 0.05), and cognitive failures (adjusted mean 1.84, SE 0.02) were
observed among those who did not experience any completed or forthcoming implementations within 12 months. Nurses who
perceived that they had received sufficient implementation-related training experienced less SRIS (F1=153.40, P<.001), time
pressure (F1=80.95, P<.001), and cognitive failures (F1=34.96, P<.001) than those who had received insufficient training. Recent
implementations and insufficient training were especially strongly associated with high levels of SRIS in hospitals.

Conclusions: EHR implementations and insufficient training related to these implementations may endanger the well-being of
nurses and even lead to errors. Thus, it is extremely important for organizations to offer comprehensive training before, during,
and after implementations. Moreover, easy-to-use systems that allow transition periods, a re-engineering approach, and user
involvement may be beneficial to nurses in the implementation process. Training and other improvements would be especially
important in hospitals.

(J Med Internet Res 2021;23(12):e27096)   doi:10.2196/27096

KEYWORDS

electronic health records; implementation; information systems; training; stress; cognitive failures; time pressure; registered
nurses
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Introduction

Registered nurses form the largest group using health
information systems (HIS) in health care. Therefore, the
successful implementation of new HIS highly depends on nurses.
High expectations have been set for the implementation of HIS
in health care, for example, regarding increased efficiency.
Indeed, a previous study shows that the implementation of
intensive care unit information systems decreased the time
nurses spent on documentation by over 30% and increased the
time spent on direct patient care [1]. However, the outcomes of
implementations may not always meet the high expectations
[2]. Failure to understand users’ needs and support workflow
are some reasons why implementations may fail [3].

Registered nurses’ work is often stressful and cognitively
burdensome, and difficulties with HIS may induce extra stress
and time pressure. Nurses have been found to prefer electronic
health records (EHRs) over paper charts and think that EHR
usage enhances nursing work but increases demand on work
time and decreases the quality of care [4]. Among nurses,
difficult-to-use EHRs have been associated with high time
pressure and distress [5], and cognitive workload [6,7], which
in turn have been associated with cognitive failures as well as
lower patient safety [8].

Even though registered nurses are competent users of EHRs
[9], the new systems that are implemented may be difficult and
complicated to use especially in the beginning, thus becoming
additionally demanding. This may lead to information chaos
[10], which has been shown to result in decision-making errors
and increased mental workload [10,11]. A previous study
showed substantially increased cognitive workload related to
new EHR implementation for nurses [6]. Nurses have been
found to be most dissatisfied approximately 9 months after
implementation, whereas their perceptions appeared to be more
balanced after 18 months [12]. In another study, nurses reported
greater acceptance of the EHR 12 months after implementation
than after 3 months [13].

Education and training are essential prerequisites for successful
HIS implementation [14]. The intricacies of new systems and
changing functionalities may require nurses to allocate time and
effort if they wish to master the new systems. However, the
demands and pressures of care may not always afford nurses
time to learn the new systems, and it is possible that not enough
training and time have been allocated to this process [15,16].
Therefore, it may be a burden for nurses being forced to learn
how to use the new systems effectively and efficiently,
especially if they are not offered sufficient
implementation-related training. Indeed, it has been found that
HIS implementation may increase nurses’ workload if they
receive insufficient training before implementation [14].
Training has even been shown to have a positive impact on the
perceived work environment as well [17].

Stress is an ambiguous concept with many definitions; for
example, it has been defined as a relationship between a person
and the environment that is appraised as important for an
individual and exceeds coping resources [18]. Poorly functioning
and constantly changing information systems may elicit this

kind of stress appraisal, which can be designated as stress related
to information systems (SRIS). For example, information
systems have emerged as one of the highest stress-inducing
factors among Finnish physicians alongside time pressure and
patient-related stress [19-21]. Previous findings show that SRIS
has increased in the 21st century among physicians [19,21], and
the usability of EHRs has an effect on its levels [22]. However,
SRIS is less studied among nurses and more information is
needed. For example, nurses themselves have proposed that
training could be one way to reduce nurses’ SRIS levels [23].

As mentioned previously, studies show that nurses are
dissatisfied after HIS implementations and challenges with HIS
are associated with stress, time pressure, and cognitive burden
[5-7,12,13,24]. Previous implementation studies have often
focused on implementations involving transitions from
paper-based systems to EHR systems [6,12]. However, many
developed countries have already reached or will soon reach a
saturation point where almost all health care organizations use
EHRs. For example, in Finland, the EHR coverage has reached
a saturation point of 100%, and many different brands of systems
are in use [25]. Thus, more information is needed, especially
on the effects of transitioning from one EHR system to another
and implementation-related training on the stress levels and
well-being of nurses. Therefore, our interest was on
implementation of new brands of EHR systems, that is, the
changes experienced when transitioning from one EHR to
another.

Finnish nurses use many different EHR system brands; for
example, in public hospitals, the 7 most popular brands are used
by approximately 92% of nurses, and in primary care, the 4
most popular brands are used by 94% of nurses [26]. The most
commonly used EHRs among nurses in Finland are Lifecare,
Uranus, Pegasos, Apotti (system brand: Epic), Effica Healthcare,
Mediatri, Esko, DynamicHealth, and DomaCare [26]. For
example, large-scale implementations of Apotti were in progress
in different areas of Helsinki and the Uusimaa region from 2018
to 2020.

This study examined the associations between EHR
implementations and the sufficiency of training related to
implementations with perceived SRIS, time pressure, and
cognitive failures among Finnish registered nurses. Moreover,
previous studies show that the employment sector, such as
whether a person is employed in a hospital or a primary care
center, plays an important role in health professionals’
perceptions of EHRs and how they affect professionals’ stress
levels and well-being [22,27,28]. Therefore, we additionally
examined whether the employment sector would have an effect
on these associations.

Methods

Sample
The data were collected during the spring of 2020 through an
internet-based Webropol survey. The link to the survey was
sent via email by the Finnish Nurses Association, Tehy (The
union of health and social care professionals in Finland) and
the National Professional Association for the interests of experts
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and managers in health care (TAJA) to their members under 65
years of age, including 58,276 nurses, midwives, and public
health nurses representing 72% of the eligible population [29].
One reminder was sent to those who did not respond. A more
detailed description of the study can be found elsewhere [29].
Altogether, 10,094 registered nurses opened the link and 3912
responded. Of those who responded, 302 answered that they
did not perceive themselves as fit to answer the questionnaire
because they had not worked as registered nurses for a long
time. Thus, the final sample included 3610 respondents (93.1%
women) aged between 22 and 65 years (mean 45.7, SD 11.0)
[29]. The sample was representative of the eligible population
in terms of the regionality and employment sector. Women were
slightly overrepresented, and those under 40 years of age were
slightly underrepresented [29]. According to a power analysis
conducted using WebPower, an internet-based tool [30], the
study had more than 95% power to detect small effects (f=0.1)
with an α level of .05 in a 2×4 analysis of variance (ANOVA).
Ethical approval for the study was provided by The Finnish
Institute for Health and Welfare (THL/482/6.02.01/2020).

Measures
The questionnaire items used in the present study can be found
in Multimedia Appendix 1.

Dependent Variables
SRIS was measured with the mean of 2 items, framed in 1
question that asked how often (during the last 6 months) the
respondent had been distracted by, worried about, or stressed
about (1) constantly changing HIS and (2) difficult, poorly
performing information technology (IT) equipment or software.
The answers were rated on a 6-point scale ranging from 1
(never) to 6 (constantly). The scale’s reliability (Cronbach
α=.74) was established in the present sample. This measure was
developed in Finland when examining the health and well-being
of physicians. [19-21]. It has previously been associated with,
for example, experience in using information systems, cognitive
workload, distress, and EHR usability [19,22].

Time pressure was measured with the mean of 2 items (α=.94)
measuring how often (during the prior half-year period) a person
had been distracted by, worried about, or stressed about (1)
constantly being in a hurry and time pressure coming from
unfinished work tasks and (2) having too little time to do work
properly. The items were rated on a 6-point scale ranging from
1 (never) to 6 (constantly). This measure has been widely used
previously and associated, for example, with the nurses’
perceptions on the poor usability of EHRs [5].

Cognitive failures can be defined as “cognitively based errors
that occur during the performance of a task that a person is
normally successful in executing” [31]. They were measured
with 3 items (α=.6) derived from the Workplace Cognitive
Failure Scale (WCFS) [32,33]. Our survey included 1 item from
each of the 3 dimensions of the WCFS: failure of memory,
failure of attention, and failure of action. The chosen items have
previously shown the highest loadings for their dimensions [33].
Participants were asked to rate how often they have faced
situations at work where they (1) have not been able to
remember work-related passwords, sets of numbers, etc.

(memory failure); (2) have not fully listened to the instructions
or requests they have received (attention failure); and (3) have
accidentally started or closed the wrong device, system, or
program (action failure). Items were rated on a 5-point scale
ranging from 1 (never) to 5 (several times a day).

Independent Variables
EHR implementation was measured with a question asking
whether the respondent’s work unit had implemented or will
implement a new EHR. The response options were (1) yes,
within the last 6 months, (2) yes, within last 12 months, (3) no,
but within the forthcoming 12 months, and (4) no past or
forthcoming implementations within 12 months.

Training was assessed with a question asking whether the
respondent had received sufficient training related to the
required changes in work practices (such as new electronic
documentation and care practices) due to HIS implementations.
The answer options ranged between 1 (completely disagree)
and 5 (completely agree). This question also included the answer
option “cannot answer,” which was coded as missing. The
responses were coded as 0=insufficient training (answer options
1-3) and 1=sufficient training (answer options 4-5).

As control variables, gender, age, and employment sectors were
also included in the survey. Employment sectors were coded
as 1=hospital, 2=primary care, 3=social services, and 4=other.

Statistical Analysis
The associations of the implementation phase and training with
the dependent variables were analyzed with analyses of
covariance (in separate analyses for each dependent variable).
The analyses were adjusted for age, gender, and employment
sector. The interactions of the employment sector with the
implementation phase and training for the dependent variables
were examined with analyses of covariance adjusted for age,
gender, and primary effects (in separate analyses for each
interaction and dependent variable). Respondents who had
missing data for a given variable were excluded from the
analyses of that variable. Thus, due to missing information in
some variables, n varied between 3525 and 3610.

To further examine the validity of our dependent variables, we
conducted principal components analysis (PCA) through direct
oblimin rotation with the items of the dependent variables (SRIS,
time pressure, and cognitive failures). Moreover, the analyses
of covariance were repeated for analyzing sensitivity using the
principal component scores resulting from these analyses as the
dependent variables.

Results

Demographics
The characteristics of the study population are given in Table
1. Approximately 25% (834/3610) of the respondents had
experienced EHR implementation within the preceding 6
months, 13% (476/3610) within the preceding 12 months, and
20% (714/3610) reported forthcoming EHR implementation
within 12 months. More than half of the respondents
(1894/3573) reported insufficient training regarding changes
required in the way of working due to HIS implementations.
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Table 1. Basic background characteristics of the study sample (N=3610a).

ValueCharacteristic

Gender, n (%)

3340 (93.1)Women

249 (6.9)Men

Employment sector, n (%)

1903 (52.7)Hospital

795 (22)Primary care

445 (12.3)Social services

467 (12.9)Other

EHRb implementation phase, n (%)

834 (23.1)Yes, within the last 6 months

476 (13.2)Yes, within the last 12 months

714 (19.8)No, but forthcoming within the next 12 months

1586 (43.9)No

Training related to implementation, n (%)

1894 (53)Insufficient

1679 (47)Sufficient

45.68 (10.97)Age,c mean (SD)

3.7 (1.13)Stress related to information systems,c mean (SD)

4.54 (1.12)Time pressure,d mean (SD)

1.88 (0.5)Cognitive failures,e mean (SD)

aDue to missing information in some variables, n varies between 3573 and 3610.
bEHR: electronic health record.
cRanged between 22 and 67.
dRanged between 1 and 6.
eRanged between 1 and 5.

Main Effects for SRIS
Table 2 shows the results of analyses of covariance. Age, gender,
employment sector, implementation phase, and training were
all associated with SRIS. Women had higher levels of SRIS
than men. Higher age was associated with higher levels of SRIS.
The highest level of SRIS was in hospitals and the lowest was
in social care. As observed in Table 3, those who had

experienced EHR implementation within the preceding 6 months
perceived the highest levels of SRIS, whereas those who did
not have to experience forthcoming or prior implementations
within 12 months perceived the lowest levels of SRIS. Those
who perceived that they had received sufficient training had
lower levels of SRIS compared to those who perceived that they
had not received sufficient training.
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Table 2. Associations among explanatory factors with stress related to information systems, time pressure, and cognitive failures (analysis of covariancea).

Cognitive failuresTime pressureSRISbVariable

P valueF test (df)P valueF test (df)P valueF test (df)

.034.96 (1)<.00130.31 (1)<.00115.47 (1)Age

.650.21 (1)<.00120.57 (1).0039.50 (1)Gender

.251.36 (3).231.77 (3)<.00124.14 (3)Sector

.0015.36 (3).033.05 (3)<.001118.43 (3)Implementation

<.00134.96 (1)<.00180.95 (1)<.001153.40 (1)Training

N/A0.015N/A0.033N/Ac0.165R2

aDue to missing information in some variables, n varies between 3525 and 3546.
bSRIS: stress related to information systems.
cN/A: not applicable.

Table 3. Estimated marginal meansa of stress related to information systems, time pressure, and cognitive failures according to implementation phase.b

Cognitive failuresTime pressureSRIScImplementation phase

SEMeanSEMeanSEMean

0.031.870.064.550.054.07Within the last 6 months

0.031.940.064.450.063.76Within the last 12 months

0.031.860.064.450.053.44Forthcoming within the next 12 months

0.021.840.054.410.043.26No implementations

aAdjusted for age, gender, employment sector, and training.
bDue to missing information in some variables, n varies between 3525 and 3546.
cSRIS: stress related to information systems.

Main Effects for Time Pressure
Age, gender, implementation phase, and training were associated
with time pressure. Women had higher levels of time pressure
than men. Higher age was associated with lower levels of time
pressure. Those who had experienced EHR implementations
within the preceding 6 months had the highest levels of time
pressure, whereas those who did not have to experience
forthcoming implementations or postimplementation outcomes
within 12 months had the lowest levels of time pressure, as
indicated in Table 3. Sufficient training was associated with
low levels of time pressure.

Main Effects for Cognitive Failures
Age, implementation phase, and training were associated with
cognitive failures. Higher age was associated with lower levels
of cognitive failures. Those who had experienced EHR
implementation within the preceding 12 months had higher
levels of cognitive failures compared to other groups (Table 3).
Those who perceived that they had undergone sufficient training
had lower levels of cognitive failures compared to those who
perceived that they had not had sufficient training.

Interactions With the Employment Sector
The interaction between the implementation phase and
employment sector was significant for SRIS (F9=4.32, P<.001).
As observed in Figure 1, implementation in hospitals within 6
months is associated with higher SRIS levels than other sectors
(n of the different groups varied between 49 and 715). Moreover,
the interaction between training and the employment sector was
significant for SRIS (F3=10.18, P<.001). SRIS levels in hospitals
were particularly high if insufficient training was perceived, as
shown in Figure 2.

The interaction between training and the employment sector
was significant for time pressure (F3=4.18, P=.006). In primary
care, sufficient training was not so strongly associated with time
pressure, whereas in all other sectors, time pressure levels were
low if training was perceived to be sufficient, as observed in
Figure 3. The interaction between the implementation phase
and employment sector was not significant for time pressure.

The interactions of the employment sector with the
implementation phase and training were not significant for
cognitive failures.
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Figure 1. Interaction between implementation phase and employment sectors for stress related to information systems (P<.001). SRIS: stress related
to information systems.

Figure 2. Interaction between training and employment sectors for stress related to information systems (P<.001). SRIS: stress related to information
systems.
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Figure 3. Interaction between training and employment sectors for time pressure (P=.006).

Sensitivity Analyses
The results of PCA are given in Multimedia Appendix 2. Results
showed that the principal components resulting from the analysis
were similar, as the original measures used (SRIS, time pressure,
and cognitive failures) and the items loaded well with these
principal components. ANOVA conducted with the principal
component scores resulting from PCA as the dependent variables
showed results corresponding with the analyses conducted using
original variables (see Multimedia Appendix 3). Moreover, the
interaction results with the principal components scores were
congruent with the results from the original analyses.

Discussion

Principal Results
Our results show that EHR implementations have the potential
to decrease the well-being of registered nurses. More
specifically, we found that the highest levels of stress related
to poorly functioning information systems and time pressure
were experienced among those who had experienced EHR
implementation within the preceding 6 months. In particular,
recent implementations were strongly associated with high
levels of SRIS in hospitals. The highest levels of cognitive
failures were instead experienced among those who had
experienced EHR implementation within the preceding 6 to 12
months. The lowest levels of SRIS, time pressure, and cognitive
failures were experienced among those who did not have any
past or forthcoming implementations within 12 months.

Sufficient training related to implementations appears extremely
crucial for nurses and is associated with improved well-being.
Those nurses who perceived that they had received sufficient
training related to the changes required in work practices due
to HIS implementations experienced less SRIS, time pressure,
and cognitive failures. The highest levels of SRIS were among

those nurses who worked in hospitals and did not receive
sufficient training.

Limitations
We used self-reported measures, which always poses a question
related to problems associated with an inflation of the strengths
of relationships and common method variance. The reliabilities
of our scales were good, except that the reliability of the
cognitive failures scale was 0.6, which can be considered low.
However, this reliability can still be considered acceptable
because the scale included only 3 items [34]. Moreover, we
used cross-sectional survey data; thus, causal inferences cannot
be drawn from our results. It is possible that nurses who are
more competent in using EHRs also learn to use the new system
more quickly and are also more likely to perceive that they have
received sufficient training.

In addition, a major limitation of this study is the low
explanatory strength of the independent variables used for time
pressure and the cognitive failures variables, which can be seen
in the low R² values of the analyses of covariance regarding
these variables. Consequently, our results should be interpreted
with caution and future studies with high-quality validated
measures are still needed on this subject. However, even the
small effect size may be noteworthy, and it has been suggested
that even though the size of the effect in psychological research
would be very small, it may potentially be very consequential
in the long run [35]. The effect size was larger when explaining
the SRIS variable, which is logical given that when a new EHR
is implemented, the strain and stress observed among nurses
are not surprising.

Moreover, although we adjusted our analyses for age, gender,
and employment sectors, the possibility of residual confounding
cannot be totally eliminated. For example, it is possible that
some unknown third variable may have an effect on the stress
and perceived training level and consequently explain the
relationship between training and our dependent variables.
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Finland is a country with universal health care for all residents
and one of the forerunners in the digitalization of health care
[36]. Therefore, we must be cautious in generalizing our findings
to countries with dissimilar health care systems or HIS.

We used a rather large sample of registered nurses (3610 nurses),
which was obtained from the registers of academic associations
and trade unions and may have affected the representativeness
of the sample. The email invitation to participate in the survey
was sent to 72% of the eligible population and our sample
represented the eligible population in terms of the regionality
and employment sector but included a slightly disproportionate
cohort of women and those over 40 years of age [29]. The data
were collected in the spring of 2020 (March to April) at the time
when the COVID-19 pandemic gained prominence in Finland.
The most stringent restrictions so far were implemented in the
middle of March 2020. Therefore, only 1 reminder was sent to
those who had not responded to the invite. These circumstances
may have had an effect on the results, especially in those
hospitals that were most strongly affected by the pandemic.

Comparison With Prior Work
Our results show that EHR implementations may endanger the
well-being of nurses. This is congruent with previous findings
showing that EHR implementation is associated with decreased
interdisciplinary communication, a high demand on work time,
and low perceived quality of care among nurses [4].
Correspondingly, nurses have been found to experience stress
due to added work, along with concerns about security and
encountering poor cooperation in the early stage after the
implementation of the nursing information system [15]. It has
also been shown previously that implementation seems to induce
stress, frustration, and feelings of incompetency, especially
among those nurses who have problems with tasks requiring
digital skills [37].

According to our results, recent implementations occurring
especially within the preceding 6 months seem to induce SRIS
and time pressure. Previous studies have also obtained congruent
findings [6,12,13]. The dissatisfaction seems to be the greatest
soon after implementation and then declines, moving toward
greater acceptance 12 months after implementation [12,13].
However, we found that cognitive failures were the highest from
6 to 12 months after implementation. A previous study has
found that cognitive workload among nurses is the highest just
after the EHR implementation and then returns toward baseline
after 4 months [6]. There are many possible reasons for our
finding that cognitive failures were the highest 6 to 12 months
after implementation. For example, it may pertain to
implementation-related support from vendors and organizations.
It is also possible that nurses are protected from other
cognitively burdensome tasks immediately after implementation.

Our findings show that besides implementation aspects related
to the change from paper-based documentation to EHRs,
implementation factors regarding the change from one EHR to
another EHR may affect employees’ well-being. Traditionally,
the focus of previous studies has been on the effects of
transitioning from paper-based documentation to EHRs [4,6,12];
however, studies focusing on the effects of transitioning from
one EHR to another are emerging [13]. In future, we may expect

research findings focusing on the transition from one EHR to
another, given the widespread use of EHRs in developed
countries.

Our results suggest that organizations should implement
measures to decrease the negative impact of implementations.
A meta-analysis suggested a re-engineering approach to better
integrate HIS implementation in health care workflows [3].
During re-engineering, organizations should examine and
consider restructuring their work processes related to operational
factors and infrastructure in a manner that could enable them
to optimally use HIS functions. Moreover, improving the
usability of systems would support the implementation, decrease
the need for training, and improve employee well-being
[22,38,39]. The users should be allowed a transition period,
giving them time to understand and appreciate the outcome of
the system implementation [3]. Further, user involvement, strong
leadership, project management techniques, and standards are
important in ensuring successful implementation [3,39,40]. To
improve the experience of nurses in the beginning stage, it would
be important to commit the nurses to the system design early
on [15].

Our findings highlight the importance of proper training related
to implementations. According to our findings, it may be
possible to decrease the negative ramifications of
implementations on nurses’well-being and cognitive functioning
with sufficient training. However, training is insufficient in
many cases. In our study, 53% reported that training was
insufficient. In another study, 62% of health care staff reported
that they had not received enough training related to inpatient
portal implementation [16]. Moreover, nurses have indicated
in focus groups that they had insufficient training related to the
nursing information systems [15].

Our results showed some variations according to the
employment sectors. In hospitals, the stress levels associated
with implementations were the highest and the training related
to systems was especially important. This finding effectively
reflects the previous findings among physicians showing that
attitudes toward EHRs are most critical in hospitals [41-43]. It
is also possible that hospitals especially experience
insufficiencies in IT support, given that nurses in hospitals often
also work outside of office hours. A previous study has
suggested that in addition to training, organizations should also
identify and appoint champions who could learn more
thoroughly and teach others how to use different systems [44].

In primary care, it seems that sufficient training is also
inadequate to buffer against time pressure. In Finnish primary
care, one of the reasons for time pressure among nurses is that
primary care involves accessibility problems and long waiting
times [45]. A previous study among Finnish nurses showed that
technical problems and poor user-friendliness of the EHRs are
associated with high time pressure [5]. Thus, in primary care,
tackling the problems associated with the usability of the
systems that are implemented might be important in terms of
time pressure.

Our results show that sufficient training related to
implementations is highly important. It might be beneficial to
offer training and other support during the whole implementation
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period, that is, before, during, and after the implementation
[46,47]. The amount of education has been found to be
positively correlated with nurses ’attitudes and behaviors toward
the implemented IS; thus, it is important that organizations
provide quickly and easily accessible in-house support and
proactive training in the use of HIS [48]. In addition, evidence
indicates that it is important to consider which training methods
would best support professionals in developing the necessary
skills and using the systems. Adequate education and training
encourage employees to use HIS, which are prerequisites for
benefiting from implementations [3]. According to our results,
training related to changing work practices due to HIS
implementations is particularly important. Additionally, training
featuring improvements such as keyboard entry skills,
redesigning workflow, and improving interdisciplinary
communication are considered necessary [15].

We suggest that training should be planned carefully in advance,
including basic training at least 2 to 3 weeks before
implementation. After implementation, training should continue
for several weeks, following which the authorities must assess
whether more training is needed. Moreover, it is important to
provide time for nurses to learn to use the systems in practice.

Conclusions
The present study shows that EHR-to-EHR implementations
and insufficient training related to the implementations may
impair nurses’ well-being and even lead to cognitive failures.
Thus, it is crucial that organizations implement measures to
decrease the negative ramifications of implementations on their
employees. This would be very important in all sectors, but
especially in hospitals.
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Abstract

Background: Acute kidney injury (AKI) develops in 4% of hospitalized patients and is a marker of clinical deterioration and
nephrotoxicity. AKI onset is highly variable in hospitals, which makes it difficult to time biomarker assessment in all patients
for preemptive care.

Objective: The study sought to apply machine learning techniques to electronic health records and predict hospital-acquired
AKI by a 48-hour lead time, with the aim to create an AKI surveillance algorithm that is deployable in real time.

Methods: The data were sourced from 20,732 case admissions in 16,288 patients over 1 year in our institution. We enhanced
the bidirectional recurrent neural network model with a novel time-invariant and time-variant aggregated module to capture
important clinical features temporal to AKI in every patient. Time-series features included laboratory parameters that preceded
a 48-hour prediction window before AKI onset; the latter’s corresponding reference was the final in-hospital serum creatinine
performed in case admissions without AKI episodes.

Results: The cohort was of mean age 53 (SD 25) years, of whom 29%, 12%, 12%, and 53% had diabetes, ischemic heart disease,

cancers, and baseline eGFR <90 mL/min/1.73 m2, respectively. There were 911 AKI episodes in 869 patients. We derived and
validated an algorithm in the testing dataset with an AUROC of 0.81 (0.78-0.85) for predicting AKI. At a 15% prediction threshold,
our model generated 699 AKI alerts with 2 false positives for every true AKI and predicted 26% of AKIs. A lowered 5% prediction
threshold improved the recall to 60% but generated 3746 AKI alerts with 6 false positives for every true AKI. Representative
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interpretation results produced by our model alluded to the top-ranked features that predicted AKI that could be categorized in
association with sepsis, acute coronary syndrome, nephrotoxicity, or multiorgan injury, specific to every case at risk.

Conclusions: We generated an accurate algorithm from electronic health records through machine learning that predicted AKI
by a lead time of at least 48 hours. The prediction threshold could be adjusted during deployment to optimize recall and minimize
alert fatigue, while its precision could potentially be augmented by targeted AKI biomarker assessment in the high-risk cohort
identified.

(J Med Internet Res 2021;23(12):e30805)   doi:10.2196/30805

KEYWORDS

acute kidney injury; artificial intelligence; biomarkers; clinical deterioration; electronic health records; hospital medicine; machine
learning

Introduction

The clinical burden of acute kidney injury (AKI) worsens
globally with the increasing complexity of cardiovascular
diseases, anticancer therapy, and aging population [1-3]. AKI
develops in 4% of patients admitted to our institution and
involves more than 3000 patients annually [4]. A total of 39%
of AKI cases develop during hospitalization following clinical
deterioration and multiorgan dysfunction [4,5]. Additionally,
15% of patients who receive antimicrobials or chemotherapy
of nephrotoxic potential develop drug-induced AKI [6,7].
Iodinated contrast administered for angiography contributes to
AKI in 10% to 40% of patients with chronic kidney disease
[8,9]. Once AKI develops in patients, however, the management
remains supportive with control of its underlying triggers. AKI
portends a poor patient prognosis with high mortality, prolonged
hospitalization, and sustained deterioration of kidney function,
with a significant risk of kidney failure in the long term [10,11].

Management strategies for high-risk patients may prevent AKI
or reduce its downstream complications should AKI still
develop. These measures must be implemented promptly, which
requires the diagnosis of AKI in the subclinical phase, way
before its onset. As the onset of AKI is highly variable during
a patient’s stay, it is unclear how best to time biomarker
surveillance for kidney injury concerning the patient’s clinical
progress. The advent of electronic health records (EHRs) now
provides us with real-time clinical data from routine patient
care, built into millions of data points for analytics. These, along
with AKI being defined by a numerical measure using serial
serum creatinine, allow for an AKI prediction algorithm that is
reproducible on a large scale. Machine learning with recurrent
neural network–based techniques could improve the accuracy
of analytics over traditional biostatistics [12]. These could be
enhanced by capturing the relative feature importance temporal
to AKI; that is, certain clinical covariates or trends (ie, features)
would factor with increasing (or decreasing) importance in the
time leading up to the onset of AKI. In this study, we would
apply a novel machine learning technique that analyzes
patient-related features in the form of routine hematology and
biochemistry and their interaction with time to accurately predict
AKI in hospitals by a lead time of 48 hours.

Methods

Dataset
The data source was our institution’s EHR in 2012, which
recorded clinical and laboratory data from 68,832 case
admissions in that year. Our institution is a 1200-bed academic
hospital that provides complex tertiary care services including
cardiothoracic surgery, transplantation, and cancer management.
The Institutional Human Research Ethics Committee approved
the study (NUHS-DSRB 2018/00169) and waived the need for
informed consent given the use of deidentified data for analytics
with secured institutional governance.

Study Design and Participants
We performed an observational longitudinal study of the
prospectively acquired EHR data from hospitalized patients in
2012. The exclusion criteria were (1) patients discharged within
48 hours of admission; (2) patients with community-acquired
AKI, as inferred from onset of AKI within 48 hours of
hospitalization [13]; (3) patients with stage 5 chronic kidney
disease by Kidney Disease: Improving Global Outcomes
(KDIGO) criteria, both dialysis, and nondialysis [14], inferred
from diagnosis codes (Systematized Nomenclature of
Medicine–Clinical Terms) for “end-stage kidney/renal disease,”
an admission estimated glomerular filtration rate (eGFR) of less

than 15 mL/min/1.73 m2 by Chronic Kidney Disease
Epidemiology Collaboration equation [15], or procedural codes
for peritoneal dialysis catheter insertion, arteriovenous access
creation, or fistuloplasty; (4) patients with procedural codes for
“**dialysis,” “**filtration,” or “**diafiltration” previously who
failed to recover kidney function to a current admission eGFR

of at least 30 mL/min/1.73 m2; or (5) patients with no available
laboratory results for analytics.

Definition of AKI
The binary event measure was AKI, as defined by the KDIGO
2012 criteria using serial serum creatinine levels during the
index hospitalization [16]. These included the relative criterion
of at least 1.5 times an increase in serum creatinine level within
a 7-day window; the absolute criterion was an increase in serum
creatinine of greater than 26.5 µmol/L (0.3 mg/dL) within 48
hours. The reference serum creatinine within the corresponding
7-day or 48-hour window for either criterion was taken as the
baseline creatinine. The AKI-defining creatinine level and the
extent of elevation over baseline were used to grade the initial
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KDIGO AKI staging severity. Creatinine was measured using
the ADVIA 2400 (Siemens AG) enzymatic method traceable
to isotope dilution mass spectrometry standard. We did not
apply the oliguria criterion for AKI.

Features Used for Analytics
Features (or covariates) were sourced from time-series
laboratory results. The data source was our institution’s EHR,
Computerized Patient Support System version 2 (Integrated

Health Information System Pte Ltd). The results were integrated
from comma-separated value files using common masked
identifiers and ported onto our institution’s artificial intelligence
discovery platform, an EHR analytic module. Data with the
date and time stamps were selected as features to predict the
event. These included all serial hematology, serum biochemistry,
and urinary investigations (Figure 1). We did not include disease
diagnosis codes or medication records.

Figure 1. Prediction logic and features included in analytics. *: Serum biochemistry or hematology unless otherwise stated (eg, urine WBC and RBC);
**: AKI defined by KDIGO criteria; x: features entered in model; t: time windows; β: time-invariant feature importance of which influence is shared
across time windows; alpha-t: time-variant feature importance; ht: time-variant hidden representation; WBC: white blood cell; RBC: red blood cell;
AKI: acute kidney injury; KDIGO: Kidney Disease: Improving Global Outcomes; BIRNN: bidirectional recurrent neural network; FiLM: feature-wise
linear modulation.

Analytics
Patient profile was compared between unique patients who
developed AKI and those who did not. Parametric variables
were reported as mean and standard deviation and compared
using Student t tests; nonparametric variables were reported as
median and IQR and compared using Wilcoxon rank-sum tests.
Categorical variables were reported as frequency and percentage
and compared using chi-square or Fisher exact tests where

appropriate. A 2-tailed P value of <.05 was taken as the measure
of statistical significance.

We sectioned the dataset by date and time for predictive
analytics. Every case admission was taken as one sample. The
first AKI episode that occurred in corresponding case admissions
was analyzed. The AKI-defining creatinine served as the
reference time point; the immediately preceding 48 hours was
made the prediction window, and the feature window included
the time up to 7 days before the prediction window (Figure 1).
For case admissions with no AKI episodes, the corresponding
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reference time point would be the final serum creatinine level
and likewise preceded by a 48-hour prediction window and a
further 7-day feature window. Features performed within the
feature window were used to predict AKI, a bivariate event, by
a lead time of 48 hours. The feature window was further
sectioned into daily serial time intervals for time-series
modeling, temporal to the event. For each time interval, we
averaged the values of the same feature, followed by
normalization of the corresponding result x to generate a

normalized x1 as the input for analytics, where x1 = [x –
minimum(x)] / [maximum(x) – minimum(x)].

We proposed a novel time-invariant and time-variant (TITV)
model to facilitate more accurate and interpretable analytics in
AKI prediction based on the collaboration of 3 modules [17]
(Figure 1). In the time-invariant module, an abstract
representation was calculated with the data in the entire feature
window, denoting each feature’s importance shared across time
(ie, time-invariant feature importance). This time-invariant
feature importance guided the modulation of input in the next
module, the time-variant module. In this second module, we
applied a bidirectional recurrent neural network to process
sequential data and capture the dynamic behavior both forward
and backward in time temporal to the event, as guided by the
computed time-invariant feature importance from the
time-invariant module. Additionally, we differentiated the
influence of features across time windows leading to the event
by applying the self-attention mechanism on top of the output
of the bidirectional recurrent neural network; the output after
the self-attention mechanism represents each feature’s
importance in the corresponding time window (ie, time-variant
feature importance in this time-variant module). Finally, in the
prediction module, both the time-invariant and the time-variant
feature importance were aggregated to calculate the final
prediction (ie, risk of AKI). Meanwhile, the influence of each
feature (in each time window) on the final prediction was also
derived from the TITV model.

We performed a random shuffling of the entire cohort and
arbitrarily partitioned the samples into 80% training, 10%

validation, and 10% testing datasets. In the training process, we
selected the hyperparameters that achieved the best performance
in the validation dataset and applied them to the testing dataset
for reporting of the experimental results [18-20]. We examined
the reporting performance using the area under the receiver
operating characteristic curve (AUC), as well as the respective
sensitivity (recall) and positive predictive values (precision)
that corresponded with the varying model prediction thresholds
for AKI. Precision represents the proportion of predicted cases
that truly had AKI; recall represents the proportion of actual
AKI cases successfully identified by the prediction model. The
AKI prediction threshold that provided the most optimal
statistical balance between precision and recall was inferred by
the highest computed F1 score. A high model recall gives rise,
however, to more false positives (ie, poorer precision), and these
permutations were further examined to demonstrate their clinical
relevance to AKI diagnostics. These results were compared with
the corresponding performance using traditional logistic
regression and baseline recurrent neural network models. We
applied zero imputation for missing data. Analysis was
performed using Python (version 3.8.2, open source for Mac
OSX).

Results

Patient Profile
We studied 20,732 case admissions in 16,288 unique patients,
of which 1971 patients were younger than age 18 years (Figure
2). The mean age of the final cohort was 53 (SD 25) years, and
52.2 (8510/16,288) were males; 28.9% (4701/16,288) had
diabetes, 35.0% (5699/16,288) had hypertension, 11.7%
(1898/16,288) had ischemic heart disease, and 11.7%
(1899/16,288) had either solid organ or hematological
malignancy. Near half (7214/16,288, 44.3%) of patients had a

baseline eGFR<90 mL/min/1.73 m2. More patients with AKI

(258/869, 29.7%) had a baseline eGFR<60 mL/min/1.72 m2

compared to those without AKI (2738/15,419, 17.8%; P<.001;
Table 1).
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Figure 2. Study flow diagram. AKI: acute kidney injury; CKD: chronic kidney disease; CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration
equation; eGFR: estimated glomerular filtration rate; ESKD: end-stage kidney disease; RRT: renal replacement therapy.
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Table 1. Study profile and bivariate comparison between acute kidney injury and non–acute kidney injury patients.

P valueNon-AKI (n=15,419)AKIa (n=869)Entire cohort (n=16,288)Variables

<.00153 (26)62 (22)53 (25)Age, mean (SD), years

.088030 (52.1)480 (55.2)8510 (52.2)Male gender, n (%)

Comorbidities, n (%)

<.0014330 (28.1)371 (42.7)4701 (28.9)Diabetes

<.0015201 (33.7)498 (57.3)5699 (35.0)Hypertension

<.0011636 (10.6)262 (30.1)1898 (11.7)Ischemic heart disease

<.001948 (6.1)190 (21.9)1138 (7.0)Heart failure

<.001684 (4.4)73 (8.4)757 (4.6)Cerebrovascular disease

<.001225 (1.5)44 (5.1)269 (1.7)Chronic liver disease

<.0011416 (9.2)140 (16.1)1556 (9.6)Solid organ malignancy

<.001291 (1.9)52 (6.0)343 (2.1)Hematological malignancy

Baseline kidney function

.0571 (55-91)69 (46-108)71 (54-92)Creatinine, µmol/L, median (IQR)

<.00191 (68-109)86 (55-110)91 (67-109)eGFRb, mL/min/1.73 m2, median (IQR)

.657228 (46.9)400 (46.0)7628 (46.8)eGFR 90 or above mL/min/1.73 m2, n (%)

.284007 (26.0)211 (24.3)4218 (25.9)eGFR 60 to <90 mL/min/1.73 m2, n (%)

<.0011227 (8.0)101 (11.6)1328 (8.2)eGFR 45 to <60 mL/min/1.73 m2, n (%)

<.001860 (5.6)90 (10.4)950 (5.8)eGFR 30 to <45 mL/min/1.73 m2, n (%)

<.001651c (4.2)67 (7.7)718 (4.4)eGFR <30 mL/min/1.73 m2, n (%)

AKI-related variables

——122 (80-169)—dAKI-defining creatinine, µmol/L, median (IQR)

——651 (74.9)—Relative criterion (vs absolute), n (%)

——6 (3-10)—AKI onset days from admission, median (IQR)

Serum biochemistry at AKI detection, median (IQR)

——138 (135-142)—Sodium, mmol/L

——4.1 (3.7-4.6)—Potassium, mmol/L

——11 (7-15)—Urea, mmol/L

——24 (19-27)—Bicarbonate, mmol/L

——1.23 (0.95-1.54)—Phosphate, mmol/L

——2.03 (1.89-2.17)—Calcium, mmol/L

——105 (101-109)—Chloride, mmol/L

——384 (266-527)—Uric acid, µmol/L

Initial KDIGOe AKI staging, n (%)

——701 (80.7)—Stage 1

——125 (14.4)—Stage 2

——43 (4.9)—Stage 3

<.0015 (3-9)23 (13-44)5 (3-10)Total cumulative hospital days, median (IQR)

<.0015 (3-7)14 (8-26)5 (3-8)Hospital days per admission, median (IQR)

aAKI: acute kidney injury.
beGFR: estimated glomerular filtration rate by Chronic Kidney Disease Epidemiology Collaboration equation.
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cA total of 1446 non-AKI patients had missing baseline eGFR.
dNot applicable.
eKDIGO: Kidney Disease: Improving Global Outcomes.

Evaluation Outcomes
AKI developed during 4.4% (911/20,732) of case admissions
in 869 unique patients at a median of 6 (IQR 3-10) days from
admission; 74.9% (651/869) of AKI patients were diagnosed
based on KDIGO relative criterion, and 80.7% (701/869) were
of initial KDIGO stage 1 in severity. Patients who developed
AKI were older with more comorbidities including diabetes,
hypertension, cardiovascular diseases, chronic kidney disease,
chronic liver disease, and cancers compared with non-AKI
patients (all P<.001). The median hospital days per admission
and cumulatively in 2012 in AKI patients versus those without
were 14 (IQR 8-26) days versus 5 (IQR 3-7) days, and 23 (IQR
13-44) days versus 5 (IQR 3-9) days, respectively (all P<.001;
Table 1).

Analytics for AKI Prediction in the Hospital
The 7-day feature window was divided into daily time windows,
giving a total of 7 time windows and 709 features in the analysis.
Figure 1 shows the laboratory variables included in the feature
window in order of their corresponding test prevalence by
categories. Complete blood count was the most common
investigation, performed in 61.3% (12,709/20,732) of all case
admissions in the analysis; this was followed by serum
electrolytes, urea, and creatinine at 46% to 59%, and liver
function markers at 30% to 41%. In comparison, acid-base
parameters and serum lactate contributed less (2146/20,732,
10.4%) to the analysis.

The cohort was partitioned into the training (16,585 cases),
validation (2073 cases), and testing (2074 cases) datasets; AKI
rates in the 3 datasets were 4.5%, 3.9%, and 4.3%, respectively.
Table 2 summarizes the AUC of respective analytic modules
in the final testing dataset as well as the precision and recall
corresponding with the AKI prediction threshold with the

highest F1 score. The AUC for AKI prediction by the
multivariate logistic regression and recurrent neural
network/time-series models were 79% and 80%, respectively.
The AUC was 81% after we applied the TITV module with
comparable precision and recall compared with the former
models; these and the highest F1 score were achieved at an AKI
prediction threshold between 15% and 20%. The respective
AUCs and corresponding area under precision-recall curves for
the training and testing datasets are illustrated in Figure 3.

Table 3 shows the breakdown in our TITV module precision
and recall according to the varying probability thresholds for
AKI prediction.

A low prediction threshold detected a very high number of
predicted AKI cases that scored high in recall but poor in
discrimination between true and false positives. Conversely, a
high prediction threshold detected a low number of predicted
AKI cases but with high precision. A 15% AKI probability
threshold implied that 699 cases were predicted to be diagnosed
with AKI; 33.3% (233/699) of predicted cases did subsequently
develop AKI, while 25.6% (233/911) of eventual AKI cases
were successfully predicted. Reducing the probability threshold
to 5% led to 3746 predicted AKI cases with much higher false
positives but with successful prediction of 60.0% (547/911) of
eventual AKI cases. Figure 4 illustrates the confusion matrix
plots at AKI prediction thresholds of 5% and 15%. Further
details on TITV performance metrics are provided in Table 4.

In addition, our TITV model generated representative
interpretation results specific to each AKI case. Figure 5
illustrates the relative feature importance to AKI in 8 case
examples, which demonstrated the range of inflammatory,
cardiac, drug-specific, or hepatic functional markers in
association with AKI, specific to each case. The source codes
for our predictive algorithm are available online [21].

Table 2. Acute kidney injury predictive performance in the testing dataset with optimized F1.

AUCd (95% CI)F1cRecallbPrecisionaModel

0.789 (0.752-0.827)0.2240.1890.274Logistic regression

0.800 (0.764-0.836)0.2500.2220.286RNNe (GRUf)

0.797 (0.761-0.833)0.2660.2330.309BRNNg (BGRUh)

0.814 (0.780-0.848)0.3110.2560.397Proposed TITVi model

aPrecision: true positive / (all cases predicted at risk of acute kidney injury).
bRecall: true positive / (all cases that eventually developed acute kidney injury).
cF1 score: 2 × [(recall × precision) / (recall + precision)].
dAUC: area under receiver operating characteristic curve.
eRNN: recurrent neural network.
fGRU: gated recurrent unit.
gBRNN: bidirectional recurrent neural network.
hBGRU: bidirectional gated recurrent unit.
iTITV: time-invariant and time-variant feature importance.
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Figure 3. Area under receiver operating characteristic and area under precision-recall curves of training and testing datasets. AUC: area under receiver
operating characteristic curve; AUPRC: area under precision-recall curve.

Table 3. Varied acute kidney injury prediction thresholds on time-invariant and time-variant model performance metrics.

True positive AKI cases, nPredicted AKI cases by model, nF1eRecalldPrecisioncThresholda to predict AKIb (%)

54737460.2350.6000.1465

30412040.2870.3330.25210

2336990.2890.2560.33315

1823640.2860.2000.50020

1212530.2090.1330.48025

1011820.1850.1110.55630

aProbability threshold to define predicted AKI versus no risk of AKI (ie, positive/negative class prediction). A low threshold risks over-detection and
alert fatigue, which corresponds to poor precision. A high threshold risks missing true AKI cases, which corresponds to poor recall.
bAKI: acute kidney injury.
cPrecision: true positive / (all cases predicted at risk of AKI).
dRecall: true positive / (all cases who eventually developed AKI).
eF1 score: 2 × [(recall × precision) / (recall + precision)].
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Figure 4. Confusion matrix plots with acute kidney injury prediction thresholds at 5% and 15%.

Table 4. Model performance metric with time-invariant and time-variant prediction thresholds at 5% and 15%.

SubtotalNo AKITrue AKIa cases

5% prediction threshold

37463199547TITVb predicted (positive)

16,98616,622364TITV predicted (negative)

20,73219,821911Subtotal

15% prediction threshold

699466233TITV predicted (positive)

20,03319,355678TITV predicted (negative)

20,73219,821911Subtotal

aAKI: acute kidney injury.
bTITV: time-invariant and time-variant module.
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Figure 5. Case examples of relative feature importance in acute kidney injury (AKI) prediction. Time-window: refers to feature window of 7 days in
AKI prediction; Y-axis: features highly associated with AKI would rank high in relative feature importance; a-b: C-reactive protein, neutrophils featured
prominently over days, which suggested infection and inflammation were associated with subsequent AKI; c-d: troponin-I featured prominently initially,
which suggested cardiac disease in association with AKI, although its relative importance waned in subsequent days; e-f: vancomycin levels rose in
feature importance proximate to AKI, which strongly suggested vancomycin nephrotoxicity; g-h: lactate, liver enzymes, international normalized ratio,
and activated partial thromboplastin time featured strongly, which suggested hepatic or multiorgan dysfunction in association with evolving AKI.
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Discussion

Principal Findings
We have used structured but heterogeneous biochemical data
from 20,732 case admissions in the prediction of
hospital-acquired AKI by a 48-hour lead time. We enhanced
the recurrent neural network model with a novel analytic module
that took into account the temporal interactions in serial
laboratory parameters that inferred disease trajectory leading
up to AKI [17]. At the optimal statistical operation point as
indicated by the highest F1 score (Table 2), our module
generated 3 false positives for every 2 true AKI cases, and
clinicians would need to act on just 600 predicted AKI alerts
of 20,732 case admissions yearly; however, 3 of 4 true AKI
cases would be missed. It may be more desirable for our module
to successfully predict at least 3 of 5 true AKI cases, but this is
counterbalanced by 6 false positives for every 1 true AKI case,
and more than 3000 predicted AKI alerts yearly (Table 3). We
suggest that our AKI prediction threshold should be low to
identify more patients at risk of AKI daily. This narrows the
entire hospital cohort to a more manageable patient number for
closer monitoring, in whom further assessment could be
augmented by AKI biomarkers to reduce false positives [22].
These include urinary clusterin, kidney injury molecule–1, tissue
inhibitor of metalloproteinase–2, and insulin-like growth factor
binding protein–7, for which levels rise in 12 to 48 hours before
a significant rise in serum creatinine [7,23].

Comparison With Prior Work
Our methodology differs from machine learning techniques that
used a quasi-random selection of variable prediction points
relative to AKI [24]. It resembles models that adopted structured
feature and prediction windows relative to AKI that facilitate
the deployment of our prediction algorithm in real time [25].
Importantly, we expanded the prediction window to a minimum
of 48 hours. Such improved lead time may be necessary for any
AKI preventive strategies to make a meaningful change in
clinical outcomes. Preemptive interventions may include more
detailed patient reviews, timely treatment of infections, precise
volume management [26], preferred use of balanced electrolyte
over chloride-rich solutions [27], admission to high-dependency
or intensive care unit for detailed monitoring, and reduction in
or cessation of nephrotoxic medications [28]. These measures,
when implemented in a timely fashion and supported by a
responsive EHR platform for AKI alerts, may reduce the hospital
days and AKI duration in affected patients [29,30].

The performance of any analytic module depends strongly on
the appropriate feature selection. Our model was built from
objective laboratory test results that would be similar in data
structure across institutions [31]. Our algorithm used routinely
performed hematology and biochemistry without disease
diagnosis codes; these included complete blood count, common
electrolytes, acid-base parameters, and liver and cardiac
enzymes, and these remain relevant for current AKI prediction
even with the changing health care landscape. As our analysis
was limited to available investigations performed before a
mandatory 48-hour prediction window, the laboratory indices
analyzed in the feature window might not be comprehensive.

This could compromise the model performance, and the
prediction should otherwise improve with features performed
at higher frequency and more proximate to AKI [25,32]. Despite
this, we demonstrated an AUC that exceeded 80% for AKI
prediction in our testing dataset. Certain indices like blood gas,
serum lactate, cardiac enzymes, and drug levels should increase
in frequency and importance toward the onset of AKI, since
AKI serves as a marker of clinical deterioration from nosocomial
infections, decompensated cardiovascular diseases, major
surgery, or nephrotoxicity [33,34]. Varying significance of these
time-sensitive features in association with evolving AKI may
be seen among subsets of patients with sepsis, cardiac failure,
or cardiac surgery [35-37]. Our TITV module can provide
patient-level interpretation of the feature importance, as
suggested by our representative interpretation results in unique
AKI case examples (Figure 5). These could provide insightful
patient-specific trends to aid the evaluation of AKI etiology
[17].

Strengths and Limitations
Our study has several strengths but is not without limitations.
We have studied a large and diverse population with a
comprehensive range of medical and surgical conditions not
confined to critical care, which improves the generalizability
of our analytic module to hospital practice. We excluded patients
with more advanced chronic kidney disease, and our 4%
incidence of AKI in the hospital was lower than the 8% reported
in prior studies that used similar EHR methods [33,38]. The
lack of precise urine output in ward patients could reduce the
model accuracy, but oliguria often develops in 24 hours
proximate to AKI and may not fulfill our requirement for a
48-hour prediction window. We have normalized the variables
for standardized comparison across different tests. Our novel
TITV module provided fine-grained interpretability of the
prediction results and achieved accurate prediction
simultaneously; this facilitates high-quality health care analytics.
Being single center in nature, our AKI prediction module needs
to be applied and validated in external health care systems to
demonstrate reproducibility. The prediction algorithm could be
ported to run on platforms that use similar EHR data
architecture, but this naturally limits its deployment to
institutions with available technology. Nevertheless, our model
could be applied for rolling AKI predictions daily if coupled
with a real-time feed of laboratory data. While forward
application of the algorithm would naturally encounter model
degradation due to concept drift, novel techniques could achieve
concept drift detection, understanding, and further adaption
from contemporaneous data [39,40]. Furthermore, our algorithm
was based on laboratory test results less subjected to case-mix
shift over time as compared with disease diagnoses or
medication records [41]. We had used zero imputation for
missing data, unlike the previously described method of
imputing preexisting values in time or median value [38]; zero
imputation has been widely adopted in machine learning
techniques and has achieved state-of-the-art performance in
analytics [42,43]. Finally, the subcohort with “false-positive
AKI” might be analogous to that of patients with subclinical
AKI that may also be associated with adverse long-term
outcomes; these were not explored in our study.
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Conclusions
We have presented a feasible and enhanced EHR analytic
module that captures time-sensitive interactions in laboratory
investigations and predicts hospital-acquired AKI by a 48-hour
lead time. The AKI prediction threshold could be varied to allow
the clinically relevant balance in model precision, recall, and

predicted AKI numbers that are compatible with patient service
load in health care institutions. With a compromised precision
in favor of the better recall, our model serves to risk stratify
ward patients for detailed clinical or biomarker assessment for
true AKI risk. Its real-time deployment is expected to greatly
facilitate our upstream efforts to prevent AKI or its
complications in hospitalized patients.
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Abstract

Background: Inadequate physical activity is a substantial cause of health loss worldwide, and this loss is attributable to diseases
such as coronary heart disease, diabetes, stroke, and certain forms of cancer.

Objective: This study aims to assess the potential impact of the prescription of smartphone apps in primary care settings on
physical activity levels, health gains (in quality-adjusted life years [QALYs]), and health system costs in New Zealand (NZ).

Methods: A proportional multistate lifetable model was used to estimate the change in physical activity levels and predict the
resultant health gains in QALYs and health system costs over the remaining life span of the NZ population alive in 2011 at a 3%
discount rate.

Results: The modeled intervention resulted in an estimated 430 QALYs gained (95% uncertainty interval 320-550), with net
cost savings of 2011 NZ $2.2 million (2011 US $1.5 million) over the remaining life span of the 2011 NZ population. On a per
capita basis, QALY gains were generally larger in women than in men and larger in Māori than in non-Māori. The health impact
and cost-effectiveness of the intervention were highly sensitive to assumptions on intervention uptake and decay. For example,
the scenario analysis with the largest benefits, which assumed a 5-year maintenance of additional physical activity levels, delivered
1750 QALYs and 2011 NZ $22.5 million (2011 US $15.1 million) in cost savings.

Conclusions: The prescription of smartphone apps for promoting physical activity in primary care settings is likely to generate
modest health gains and cost savings at the population level in this high-income country. Such gains may increase with ongoing
improvements in app design and increased health worker promotion of the apps to patients.

(J Med Internet Res 2021;23(12):e31702)   doi:10.2196/31702

KEYWORDS

physical activity; smartphone apps; mobile health; mHealth; modeling; primary care; mobile phone

Introduction

Inadequate physical activity is a risk factor for coronary heart
disease (CHD), diabetes, stroke, and certain forms of cancer
[1,2]. The World Health Organization recommends that adults
aged 18 to 64 years should complete at least 150 minutes of
moderate-intensity aerobic physical activity, at least 75 minutes
of vigorous-intensity aerobic physical activity, or an equivalent
combination of moderate- and vigorous-intensity aerobic

physical activity each week [3]. Approximately 25% of adults
do not meet the recommended level of physical activity
worldwide, and it has been estimated that as many as 5 million
deaths could be averted each year if the global population were
more active [3].

In New Zealand (NZ), >40% of adults are estimated to be
insufficiently physically active [4]. CHD, stroke, and diabetes
are among the leading causes of health loss in NZ [5], and
noncommunicable diseases contribute to marked health
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inequalities, with Māori (Indigenous population), Pasifika, and
low-income New Zealanders at higher risk for important health
conditions [5,6]. Strategies to increase physical activity at the
population level are needed to help address this public health
concern and reduce health inequalities.

In recent years, the use of mobile health (mHealth) tools to
increase physical activity has risen [7,8]. Furthermore, the
widespread use of mobile phones has made mHealth
interventions scalable to a broad population [9,10]. Although
there are a number of different mHealth tools and services
available, smartphone apps may be a particularly popular
approach to increasing physical activity.

In 2017, there were >325,000 health apps available from major
app stores and approximately 3.7 billion app downloads
worldwide [11]. The most popular health apps tend to be for
diet, physical activity tracking, weight management, and
adherence to medication [7,12,13]. Smartphone apps are
generally considered easy to use and can enhance physical
activity interventions through technological features (eg,
accelerometers) [9]. Moreover, apps have been shown to be
effective at increasing physical activity levels [10,14], although
there is substantial variability in quality and effectiveness
between the many available apps [15,16]. Physical activity apps
also tend to be inexpensive or free of charge [10]. For example,
in NZ, the Ministry of Health–supported web-based Health
Navigator app library contains a number of different mHealth
apps and specifically includes links to free and low-cost physical
activity apps [17].

The prescription of physical activity apps during a primary care
visit is a plausible intervention in the NZ context, as some
general practitioners (GPs) already prescribe exercise as part
of a green prescription program [18], although it is unclear
whether there is substantial uptake of the program, and there
are no requirements for physical activity levels to be assessed
as part of standard care by GPs. Such a program could
theoretically include smartphone app prescriptions. Clinicians
and GPs already frequently recommend apps and other
web-based resources during consultations [19,20], and the Royal
New Zealand College of General Practitioners supports the
adoption of such technology [21]. In addition, some NZ GPs
recommend pedometer use for certain patients [22] and would
presumably recommend the mHealth equivalent.

Given this background, this study assesses the health impacts,
health system costs, and cost-effectiveness of the prescription
of smartphone apps for the promotion of physical activity in
primary care settings in NZ, a high-income country.

Methods

Modeling Methods
An established proportional multistate life table (PMSLT) model
was used to estimate the health impact and health system
expenditure of the prescription of smartphone apps for the
promotion of physical activity in primary care [23,24]. Physical
activity was measured as the change in the metabolic equivalent
of task (MET) minutes per week of moderate and vigorous
activity. The PMSLT model simulates the entire NZ population

alive in 2011 (N=4.4 million) until death or the age of 110 years.
Future all-cause morbidity and mortality and incidence and case
fatality rates for 5 diseases related to changes in physical activity
were projected. Specifically, the model included breast cancer
(women only), colorectal cancer, CHD, type 2 diabetes, and
stroke.

Health gain was measured in quality-adjusted life years
(QALYs) [25], whereas, for costs, a health system perspective
was used, and the outputs were the difference in total health
system costs between business-as-usual and the modeled
intervention and included the cost of implementing the
intervention. We also disaggregated the results by period and
presented the impact of the intervention after 10 years and 20
years. Calibration and validation of the epidemiological aspects
of the PMSLT are described in a web-based technical report
[23]. A Monte Carlo simulation (2000 iterations) was used to
estimate the uncertainty intervals for the key results.

QALYs and costs were discounted at 3%, with results for 0%
and 6% discount rates presented as scenario analyses. We also
ran the results applying an equity adjustment that set background
all-cause morbidity and mortality rates for Māori to non-Māori
values [26]. This technique is often used to avoid the
undervaluation of health gains and identify potential health
equity impacts for Māori. Scenario analyses included higher
percentages of the eligible population being screened for the
intervention (ie, 25% and 50%), a reversed ratio of GP to
practice nurse (PN) consultation time, and maintenance of the
intervention impact for 5 years.

Full details of the model are published elsewhere [23,24,27].

Intervention Specification
Rapid reviews of the literature on physical activity apps and
referral schemes (ie, green prescription programs) were
conducted to parameterize the intervention for modeling
purposes. The modeling parameters used and the justification
for their use are presented below (Tables 1 and 2).

As shown in Figure 1, during a GP visit, people with insufficient
physical activity were identified using a screening question as
per the one used by the NZ Health Survey [28]. For practical
reasons and because it might be inappropriate to ask on some
occasions, the screening question was assumed to only be asked
during a proportion of such visits (10%, with 25% and 50%
presented as scenario analyses). For those with insufficient
levels of physical activity (defined as <300 MET minutes per
week), the GP or PN then provided a printed physical activity
prescription form that included specific instructions to exercise
and information on how to download and use a physical activity
smartphone app. The patient then chose a physical activity app,
possibly with input or recommendations from the provider, from
the Health Navigator app library. The Health Navigator app
library is a repository of apps reviewed by experts, which
contains links to a number of independently reviewed exercise
apps [17]. It was assumed that individuals would use an app
that was already developed and free to download. Furthermore,
it was assumed that the app would be available at zero cost for
as long as the participants chose to use it. However, adherence
to the intervention was expected to decrease relatively quickly;
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therefore, long-term availability of the app would not be relevant
for most participants. In addition to the prescription, GPs or
PNs referred patients to service providers (eg, a regional sports
trust or primary health organization in the NZ context) who

provided support over the phone, including a comprehensive
consultation, 2 brief follow-up calls, and technical support to
use the app within the first year after the initial consultation and
prescription.

Figure 1. Flowchart of base-case intervention conceptualization for prescribed smartphone apps for physical activity promotion in primary care. GP:
general practitioner; NZ: New Zealand; PA: physical activity.

We included direct costs attributable to the intervention (ie,
intervention costs) and indirect costs attributable to changes in
health system use resulting from the intervention [29].
Intervention costs were applied to everyone who received an
initial consultation, even if they did not start using a physical
activity app. In addition, it was assumed that all costs would be
incurred in the first year following the initial consultation (ie,
follow-up calls and technical support would occur in the same
year as the intervention). Furthermore, it was assumed that those
adults who were sufficiently active or who did not own a
smartphone would require less than a minute of the GP’s time
to screen; therefore, costs associated with such interactions were
minimal and not quantified.

Current evidence indicates that physical activity interventions
would likely provide minimal chronic disease reduction benefits
to adults aged <40 years in NZ [24,27]. Therefore, the age range
for the intervention was restricted to 40 to 79 years. Individuals
aged ≥80 years were excluded because of low smartphone

ownership and use, as well as the relatively high prevalence of
comorbidities (eg, arthritis) that could limit participation in
physical activity. Although the intervention was only applied
to those aged 40 to 79 years, the model followed the entire NZ
population alive in 2011 over their remaining life span.
Therefore, participants could age into the intervention over time
(eg, someone who was aged 38 years in 2011 could still become
eligible for the intervention in 2013 when they turned 40).

On the basis of evidence in the literature (Table 1), it was
assumed that 91% of eligible patients who were active
smartphone users would start the intervention and that physical
activity would increase by an average of 410 moderate to
vigorous physical activity MET minutes per week. After 1 year,
the intervention effect was assumed to be maintained by 36.5%
of people, with a decay rate of 55% applied.

Parameters
Tables 1 and 2 contain additional details on the base-case
intervention parameters.
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Table 1. Modeling input parameters for the prescription of smartphone apps for physical activity promotion in primary care.

Resulting percentage (al-
ternate scenarios)

Value (UIa; beta distribu-
tion unless otherwise indi-
cated)

Supporting evidence and notesParameter and key source

Visited GPb in the past year

78%78% (68%-88%)According to the NZc Health Survey (NZHS), 78% of NZ adults
(aged ≥15 years) visited their GP in the past year [30]. The uncer-
tainty intervals are an assumed percentage (±10%).

Ministry of Health
[30]

Asked screening question

7.8% of the eligible pop-
ulation (alternate sce-

10% per year (alternate
scenario 1: 25%; alter-
nate scenario 2: 50%)

A national survey on physical activity and nutrition in NZ by Croteau
et al [31] found that only 3% of the survey population (n=235) re-

ported receiving a green prescription from a GP or PNd. In addition,

Croteau et al [31]

nario 1: 19.5%; alternate
scenario 2: 39%)the study reported that those aged ≥45 years were significantly more

likely to have received a green prescription. On the basis of the
findings from Croteau et al [31] and survey data from the NZHS,
which indicated that 49% of people who visit their GP have insuffi-
cient levels of physical activity [30], it was back-calculated that
only approximately 10% of the eligible population would be asked
the physical activity screening question during any of their GP visits
within a year (ie, the estimate for NZ adults who visited their GP in
the previous year [78%] multiplied by the estimate for those asked
the screening question [10%], the estimate by Croteau et al [31] for
insufficient physical activity [49%], and uptake of the app [81%]
equals 3%, which is the percentage of the eligible population that
would be expected to receive a green prescription from a GP or PN).
However, several alternate scenarios with higher percentages of the
eligible population being asked the screening question are also
considered in scenario analysis. Although no other evidence was
found to support parameter selection, incomplete screening was still
included for several reasons. For example, the patient may not be
able to exercise because of an existing health condition. In addition,
it may be inappropriate to ask the screening question during a con-
sultation about an urgent and critical other matter, and the GP may
not have the time for noncritical care provision.

Smartphone ownership

6.3% of the eligible pop-
ulation (alternate sce-

81% (77%-85.1%)Using recent metrics on NZ smartphone ownership (based on Google
Consumer Barometer data), it has been reported that 81% of NZ

DataReportal [32]

nario 1: 15.8%; alternate
scenario 2: 31.6%)

adults own a smartphone [32]. The uncertainty intervals are an as-
sumed percentage (±5% of the point estimate).

Uptake of the smartphone app

5.7% of the eligible pop-
ulation (alternate sce-

91% (81.9%-100%)On the basis of an RCTe of physical activity apps prescribed in pri-
mary care in Ireland, 91% of eligible patients who were active

Glynn et al [33]

nario 1: 14.4%; alternate
scenario 2: 28.8%)

smartphone users were assumed to start the intervention [33]. The
uncertainty intervals are an assumed percentage (±10% of the point
estimate).

Increase in physical activity

—iIncrease by 410 (369-
451) minutes of MVPA

On average, mHealthf physical activity interventions result in an
increase in physical activity, at least in the short term [10,14,34].

Glynn et al [33]

MET minutes per week;
normal distribution

As a result of the intervention, it was assumed that physical activity

would increase on average by 410 MVPAg METh minutes per week.
This total was taken from an RCT studying a GP-prescribed physical
activity app and follow-up support [33]. The study reported a 2017-
step increase per day after accounting for differences between the
intervention and control groups. Steps per day were converted to
MVPA MET minutes per week using the method outlined in a web-
based report [35]. The Steps to MVPA Conversion section of this
report also has further details about the formula used. The uncertainty
intervals are an assumed percentage (±10% of the point estimate).

Adherence at 1 year
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Resulting percentage (al-
ternate scenarios)

Value (UIa; beta distribu-
tion unless otherwise indi-
cated)

Supporting evidence and notesParameter and key source

—36.5% (29.2%-43.8%)After 1 year, the intervention effect was assumed to be maintained
by 36.5% of people. This was based on the average of estimates for
2 app+ (ie, a smartphone app in addition to follow-up texts, calls,
or emails) intervention studies (see below), which typically fall be-
tween the estimates for traditional green prescription programs and
app-only physical activity interventions in retention and adherence.
The uncertainty intervals are an assumed percentage (±20% of the
point estimate). The first RCT for the prevention of weight gain in
young adults in Australia found that an app+ intervention that target-
ed both dietary behaviors and physical activity generated a 40% re-
sponse rate to follow-up SMS text messages at 9 months [36]. The
second RCT for physical activity in US veterans reported a 33%
retention rate at 12 months for an app+ group that received follow-
up phone calls [37].

Allman-Farinelli et
al [36] and
Damschroder et al
[37]

Decay rate of intervention effect after 1 year

—55% (35%-75%)A recent modeling study of brief physical activity interventions also
used a similar methodological approach and assumed that the inter-
ventions had an effect for the first year and then applied a 55% decay
rate every year afterward [38]. This was in line with several previ-
ously reported physical activity modeling studies (ie, Over et al [39],
Cobiac et al [40], and Jacobs-van der Bruggen et al [41]) that as-
sumed similar base-case decay rates, varying between 50% and 55%.
The uncertainty intervals are an assumed percentage (±20%).

Gc et al [38]

aUI: uncertainty interval.
bGP: general practitioner.
cNZ: New Zealand.
dPN: practice nurse.
eRCT: randomized controlled trial.
fmHealth: mobile health.
gMVPA: moderate to vigorous physical activity.
hMET: metabolic equivalent of task.
iNot available (does not change % of eligible population).
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Table 2. Cost input parameters for the prescription of smartphone apps for physical activity promotion in primary care.

Value (95% UIa)Supporting evidence and notesKey sourceParameter

73% GP, 27% PN; how-
ever, in a scenario analy-

Approximately 73% of consultations were assumed to be GP-run
and the rest were run by PNs. These proportions are based on the

Research New Zealand
[42]

Ratio of GPb to PNc con-
sultations

sis, this ratio was re-
versed.

referral sources reported by the NZd Green Prescription Patient
Survey [42].

GP consultation parameters

7 minutes (6.3-7.7)On the basis of an RCTe studying the NZ Green Prescription Program
[43], 7 minutes of GP time were spent on the physical activity advice

Elley et al [43]GP consultation time

and prescription part of each consultation. Although it is likely that
the overall consultation will typically be longer, only the physical
activity–specific part has been quantified. Other studies have reported
a longer duration [38]; however, NZ-specific data were used for this
parameter. It was assumed that there would be additional GP time
available for the intervention and, therefore, all other patient concerns
would still be covered in the appointment, and no adverse effects
would arise from the GP consultation. The uncertainty intervals are
an assumed percentage (±10% of the point estimate).

NZ $2.20/minute (US
$1.48/minute)

The cost of 7 minutes of a GP consultation was assumed to be NZ
$15.38 (US $10.35), or NZ $2.20 (US $1.48) per minute. The mid-
point of a GP annual salary scale in 2018 was taken from the

Association of Salaried
Medical Specialists [44]

Cost of GP consulta-
tion in 2011

Wellington Union Health Services Collective Agreement [44]. An
hourly rate of NZ $94.15 was then calculated using this estimate.
With 50% overheads, this equates to NZ $141.20, or NZ $131.85
in 2011 adjusted for inflation [45]. For 7 minutes of a consultation
at an hourly rate of NZ $131.85, the physical activity part of the GP
consultation would cost NZ $15.38 per consultation. By comparison,
the NZ government agency PHARMAC estimated that the cost of
a GP practice visit was NZ $80 per consultation in 2018 [46]. This
equates to NZ $73.73 per consultation in 2011 [45], and NZ $33.73
once a patient copayment of NZ $40 is removed. If 7 out of 15
minutes were allocated to physical activity advice and prescription,
the cost would be approximately NZ $15.74, which is close to the
estimate above. The final costs have been presented as 2011 NZ $.
The baseline year of the model was 2011, and cost parameters were
consumer price index–adjusted to the 2011 NZ $ to reflect this. With
the exception of costs, other parameters in this table are more current,
so they produce more relevant outputs.

PN consultation parameters

13 minutes (11.7-14.3)A PN was assumed to spend approximately 13 minutes on the
physical activity app consultation based on the results of an RCT

Elley et al [43]PN consultation time

on the NZ Green Prescription Program [43]. It was assumed that
there would be additional PN time available for the intervention
and, therefore, all other patient concerns would still be covered in
the appointment, and no adverse effects would arise from the con-
sultation. The uncertainty intervals are an assumed percentage (±10%
of the point estimate).

NZ $0.64/minute (US
$0.43/minute)

The cost of a 13-minute consultation was assumed to be NZ $8.27
(2011 US $5.57), consumer price index–adjusted to the 2011 NZ $,
or NZ $0.64 (US $0.43) per minute. A PN hourly wage was NZ

Elley et al [47]Cost of PN consulta-
tion in 2011

$19.12/hour in 2000-2001 [47], equivalent to NZ $25.42 in 2011
[45]. This equates to NZ $38.16 per hour with overheads (as per the
GP calculations) and NZ $8.27 for a 13-minute consultation. By
comparison, the midpoint of the Practice Nurse Collective Employ-
ment Agreement pay scale was NZ $24.36 per hour [48]. This is
similar to our hourly rate before adjusting for overheads.

Additional costsf
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Value (95% UIa)Supporting evidence and notesKey sourceParameter

NZ $90.10 (US $60.63;
81.09-99.11)

The cost of follow-up phone calls and additional resources was as-
sumed to be NZ $90.10 (US $60.63) per individual. As per the
structure of the NZ Green Prescription Program, the intervention
was assumed to also include phone calls and additional resource
use. After consultation, the intervention would include 3 follow-up
phone calls, the first a comprehensive consultation and then 2 brief
follow-up calls. The phone calls would include general advice on
physical activity and technical support to use the app. Additional
resources would include educational material dissemination, such
as an email with a link to a website with responses to frequently
asked questions. Similar services were estimated to cost NZ $69 per
person in 2001-2002 based on the results of a PhD thesis on the NZ
Green Prescription Program [47]. This NZ $69 in 2001 equates to
NZ $90.10 (US $60.63) in 2011 [45]. The uncertainty intervals are
an assumed percentage (±10% of the point estimate).

Elley et al [47]Cost of additional
resources in 2011

aUI: uncertainty interval.
bGP: general practitioner.
cPN: practice nurse.
dNZ: New Zealand.
eRCT: randomized controlled trial.
fIt was assumed that individuals would use an app that was already developed and was free to download from the Health Navigator website (ie, zero
cost for the app); it was also assumed that there was zero cost for promoting the app to primary care workers.

Results

The prescription of smartphone apps for physical activity
promotion in primary care resulted in an increase of 430 QALYs
(95% uncertainty interval 320-550) over the lifetime of the 2011
NZ population. This was equivalent to 0.13 QALYs gained per
1000 population (95% uncertainty interval 0.01-0.16; Table 3)
or 0.23 QALYs gained per 1000 adults aged 40 to 79 years. Of
the total, 150 QALYs and health system cost savings of NZ
$174,000 (US $117,000) were accumulated in the first 10 years
following intervention implementation, and 160 QALYs and
cost savings of NZ $1,961,000 (US $1,320,000) were
accumulated in the 20 years following implementation.

The modeled improvements in health came with net cost savings
of NZ $2.2 million (US $1.5 million). The intervention was
cost-saving for all age-sex-ethnicity subgroups, except for
non-Māori women aged 40 to 59 years.

On a per capita basis, QALY gains were generally larger in
women than in men, larger in Māori than in non-Māori, and
largest in the 60 to 79 years age group. Health gains for Māori
increased with the application of the equity adjustment (ie,
non-Māori morbidity and mortality rates used for Māori; Table
4).

In the first 10 years after the intervention was implemented
(2011-2020), the total health gain was 148 QALYs, with net
cost savings of NZ $174,000 (US $117,000) for the health
system. After 20 years (2011-2030), the total health gain was

158 QALYs, with net health system cost savings of NZ $1.96
million (US $1.32 million).

The impact of selected changes to model specifications on the
results was explored (Table 5). Changing the discount rate had
the expected impact on the overall results, with a 6% discount
resulting in smaller health gains and cost savings and a 0%
discount (ie, undiscounted) resulting in larger health gains and
cost savings. Increasing the percentage of primary care patients
who were asked the screening question for the intervention also
had the expected impact on the overall results, with higher
screening rates resulting in higher health gains. However, the
cost savings were larger for the scenario in which 25% of
patients were asked the screening question (ie, cost savings of
NZ $3.3 million [US $2.2 million]) than for the scenario in
which 50% were asked (ie, cost savings of NZ $2.6 million [US
$1.8 million]) because of the cost of intervention
implementation. Dominant provision by PNs (reversing the
ratio of GP to PN consultation provision) resulted in a small
increase in cost savings (NZ $148,000 [US $100,000]) over the
base case scenario. Assuming that the intervention impact would
be maintained for 5 years following the intervention (rather than
for 1 year), the health gains were estimated to be >4 times higher
than in the base-case analysis and would result in much higher
cost savings (NZ $22.5 million [US $15.1 million]).

Finally, we examined the contribution of individual intervention
parameters to the uncertainty in the modeled results. Uncertainty
in health gains and health system cost impacts was primarily
driven by the decay rate and the uptake of the smartphone app
(Figures 2 and 3).
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Table 3. Health gains and health system costs of the prescription of smartphone apps for physical activity promotion in primary care by age, sex, and
ethnicity (lifetime gains and 3% discount rate). 2011 NZ $1=2011 US $0.67.

Health system costs, 2011 NZ $ mil-
lion/2011 US $ million (95% UI)

QALYs/1000 population (95% UI)Health gain, QALYsa (95% UIb)Sex, ethnicity, and age group

All sexes and all ethnicities

−2.16c/−1.45 (−4.49 to −0.11)0.13 (0.10 to 0.16)430 (320 to 550)All age groups

−2.16 /−1.450.2343040-79 years

Male

Non- Māori

−0.34/−0.23 (−0.83 to 0.09)0.13 (0.10 to 0.17)69 (50 to 89)40-59 years

−0.79/−0.53 (−1.38 to −0.28)0.34 (0.25 to 0.45)103 (75 to 140)60-79 years

Māori

−0.17/−0.11 (−0.27 to −0.08)0.30 (0.22 to 0.39)19 (14 to 25)40-59 years

−0.09/−0.06 (−0.14 to −0.05)0.42 (0.31 to 0.55)9 (7 to 12)60-79 years

Female

Non-Māori

0.17/0.12 (−0.28 to 0.60)0.11 (0.08 to 0.14)58 (43 to 76)40-59 years

−0.69/−0.46 (−1.30 to −0.13)0.41 (0.30 to 0.54)130 (96 to 170)60-79 years

Māori

−0.18/−0.12 (−0.30 to −0.06)0.33 (0.24 to 0.42)24 (17 to 31)40-59 years

−0.08/−0.05 (−0.14 to −0.03)0.56 (0.41 to 0.73)14 (10 to 18)60-79 years

aQALY: quality-adjusted life year.
bUI: uncertainty interval.
cNegative cost (ie, the intervention results in cost savings to the health system).

Table 4. Results for Māori (Indigenous population) with equity adjustment applied (40-79 age group, lifetime gains, and 3% discount rate).

Health system costs, NZ $ million/US
$ million (95% UI)

QALYs/1000 population (95% UI)Health gain, QALYsa (95% UIb)Sex and age group

Male

−0.17/−0.11 (−0.28 to −0.09)0.37 (0.28 to 0.49)24 (18 to 31)40-59 years

−0.09/−0.06 (−0.15 to −0.05)0.59 (0.44 to 0.77)13 (10 to 17)60-79 years

Female

−0.18/−0.12 (−0.32 to −0.08)0.40 (0.30 to 0.51)29 (22 to 38)40-59 years

−0.08/−0.06 (−0.15 to −0.03)0.78 (0.58 to 1.01)20 (14 to 25)60-79 years

aQALY: quality-adjusted life year.
bUI: uncertainty interval.
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Table 5. Sensitivity and scenario analyses for the prescription of smartphone apps for physical activity promotion in primary care (expected value
analysis, lifetime perspective, and 3% discount rate unless otherwise noted).

Cost per QALY
gained, NZ $

Net health system costs, NZ
$ million (US $ million)

Health gains,

QALYsa
Sensitivity and scenario analyses

Cost savingb−2.162 (−1.455)430Base-case analysis

Cost saving−3.820 (−2.571)720Undiscounted

Cost saving−0.900 (−0.605)2906% discount rate

Cost saving−3.339 (−2.247)95025% asked screening question

Cost saving−2.644 (−1.779)164050% asked screening question

Cost saving−2.310 (−1.555)430Dominant provision by PNsc (reversed ratio of GPd to PN consultations)

Cost saving−22.490 (−15.135)17505-year maintenance of additional physical activity levels followed by a return to
preintervention levels (otherwise base case)

aQALY: quality-adjusted life year.
bNegative cost per QALY gained (ie, the intervention results in cost savings to the health system).
cPN: practice nurse.
dGP: general practitioner.

Figure 2. Tornado plot showing the contribution of parameter uncertainty to overall uncertainty in the quality-adjusted life years gained for the studied
adult population. GP: general practitioner; PN: practice nurse; QALY: quality-adjusted life year.
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Figure 3. Tornado plot showing the contribution of parameter uncertainty to overall uncertainty in the change in health system costs. GP: general
practitioner; PN: practice nurse. 2011 NZ $1=2011 US $0.67.

Discussion

Principal Findings and Interpretation
The potential impact of the prescription of smartphone apps for
physical activity promotion in primary care settings in NZ was
modeled using published estimates of uptake, effectiveness,
and adherence [33,36,37]. The total health impact was modest,
with 430 QALYs gained over the remaining life span of the
population, albeit up to 1750 QALYs if the intervention effect
was maintained for 5 years. The intervention was also likely to
be cost saving for the health system and provide larger per capita
health gains for Māori than for non-Māori. Given the higher
per capita health gains for Māori than for non-Māori, it is
plausible that this intervention could play a role in reducing
health inequalities if implemented equitably. Although there is
strong evidence that physical activity levels can be improved
and maintained in the short term through individual-level
physical activity interventions, a cumulative meta-analysis of
the effects of physical activity interventions found that additional
research is needed to identify interventions that are the most
cost-effective [49]. This study provides additional modeling
evidence of the cost-effectiveness of physical activity promotion
in a primary care setting.

Comparison With Prior Work
When compared with selected health interventions in NZ,
according to methodologically compatible modeling studies,
we found that the prescription of smartphone apps for physical
activity promotion in primary care was likely to provide larger
health gains and cost savings for the health system than a mass
media campaign for physical activity apps [27], a mass media
campaign for weight loss apps [50], or weight loss counseling
by nurses in primary care [51] in NZ (Table 6). However, the
intervention was less effective than a mass media campaign to
promote a smoking cessation app in NZ [52]. It was also less
effective on a per capita basis than a traditional green
prescription program to promote physical activity in Australia
[40], although this may be due in part to underlying differences
in physical activity patterns and epidemiology across different
populations. We also note that the health gains of these
individual-level interventions are orders of magnitude lower
than upstream interventions (eg, tobacco control endgame
interventions [53] and switching driving trips to walking and
cycling [24]). Implementing the prescription of smartphone
apps for physical activity promotion in primary care alongside
other such interventions may help maximize health gains.
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Table 6. Comparison of the impact of various health interventions in New Zealand according to methodologically compatible epidemiological and
health economic modeling (lifetime perspective and 3% discount rate).

Cost per QALY gained (incremen-

tal cost-effectiveness ratio), NZ $b
Net health system

costs, NZ $ millionb
Health gains,

QALYsa
Intervention

Cost saving−2.2430Prescription of smartphone apps for physical activity promotion in
primary care (this study)

81,0002.228Mass media campaign to promote physical activity apps [27]

79,7002.929Mass media campaign to promote weight loss apps [50]

138,00038.8250Weight loss dietary counseling by nurses in primary care [51]

Cost saving−115.067605-year mass media campaign to promote smoking cessation app [52]

687d—c—cEnhanced green prescription program among women aged 40-74
years [54]

aQALY: quality-adjusted life year.
b2011 NZ $1=2011 US $0.67.
cThis study did not use the same modeling approach but calculated cost-effectiveness ratios.
dProgram cost per person made active and sustained at 12 months.

Study Strengths and Limitations
A strength of this study was the use of an established PMSLT
model for physical activity [24,27], which is based on
high-quality disease-specific epidemiological and costing data
for a whole country. The modeling framework has been widely
used in Australia and NZ to assess different health interventions,
including several different mHealth interventions [27,50,52],
allowing for comparisons across studies. However, a limitation
of the PMSLT approach is the assumption of disease
independence, although the model does account for the
relationship between type 2 diabetes and CHD and stroke, given
that type 2 diabetes is a risk factor for these conditions. The
model also does not account for potentially beneficial health
impacts via the reduction of obesity, anxiety, or depression (or,
conversely, health loss via an increase in these conditions
because of musculoskeletal injuries associated with physical
activity). Another limitation of this study was the use of a health
system perspective for costs and benefits. Such a perspective
does not allow for the estimation of societal-level costs and
benefits outside of the health system, such as impacts on
household spending or reduced greenhouse gas emissions from
transport mode shifts.

There are also limitations associated with the parameter
estimates used. For example, app uptake likely varies and could
be increased with improved app design. In addition, adherence
estimates in the literature range widely. We examined estimates
from green prescription programs, stand-alone app interventions,
and app+ interventions (ie, a smartphone app in addition to
follow-up texts, calls, or emails). We chose an adherence
estimate between those for green prescription programs and
app-only interventions, which was in line with app+
interventions in which there would be some level of follow-up
with the intervention participants. We assumed that all of the
intervention parameters presented in Tables 1 and 2, including
intervention uptake and adherence, would be the same across
population groups (ie, men and women and Māori and
non-Māori). However, it is possible that for certain parameters,
there may be significant variations across population groups

that may impact the effectiveness of the intervention. For
example, it is unclear whether currently available apps
adequately cater to the needs of diverse population groups.

Potential Implications for Research
Additional research is needed to optimize interventions that can
lead to sustained increases in physical activity levels over the
long term [48] and identify the forms of follow-up (eg, phone
calls vs emails) that maximize adherence to physical activity
interventions. App improvements may also encourage
adherence. Evidence suggests that apps are most effective when
they incorporate self-monitoring of physical activity, reminders
for app use, and social interaction with peers [7,55].
Gamification (eg, providing point-based rewards for frequency
or consistency of app use) may also improve outcomes for
app-based interventions [56]. Other factors that may influence
app use include simple app interfaces, easy navigation, and
automatic or simplified data entry [57]. Such features help
increase user engagement, which promotes positive behaviors
[7]. Advancements in app design merit additional research to
assess their impact on adherence.

Potential Implications for Policy
There are indications that such a program would be best
administered by PNs rather than GPs, given the larger cost
savings associated with the scenario in which PNs are the
dominant deliverers of the consultation. In addition, the literature
suggests that GPs are often particularly time-limited [58]. Our
scenario analyses suggest that larger health gains would be
achievable if a higher percentage of patients were asked the
screening question (ie, 25% or 50% asked the screening
question). If GPs are unable to ask the screening question as
frequently as PNs because of time constraints, then it may be
both more effective and a better use of staff resources to
routinely have PNs deliver such a program. This may also have
implications for the administration of the ongoing green
prescription program in NZ. However, the ratio of GP to PN
consultations was only included in the model as a cost
parameter, and we did not assess potential differences in
effectiveness between GP and PN administration of the program.
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We also note that, in the context of high levels of unmet need
for health care (eg, 13.3% of NZ adults did not visit a GP
because of cost barriers in 2019-2020 [59]) and differential
access to smartphones and the internet, additional strategies to
ensure that any app-based intervention does not exacerbate
existing health inequities are warranted.

With the widespread use of smartphones, mHealth interventions
such as this have a large potential for scalability to a broad
population [9,10]. As part of a range of interventions to address
insufficient physical activity, governments should consider
investing in the promotion of physical activity smartphone apps,
along with additional research to improve app effectiveness and
uptake. The intervention should ideally be tailored to the country
context, which may include examining existing structural
inequities that may influence intervention success and
co-designing strategies with relevant population groups.

The promotion of smartphone apps may also complement other
strategies to promote physical activity (eg, investments in

walking and cycling infrastructure [60]) to support long-term
behavioral changes. Although our results suggest that the
promotion of physical activity smartphone apps in primary care
is likely to be effective and cost-saving in NZ, these results are
also likely generalizable to other high-income countries with
similar chronic disease epidemiology, physical activity levels,
and other population characteristics.

Conclusions
In this modeling study, the prescription of smartphone apps for
physical activity promotion in primary care in NZ yielded
modest health gains and was cost saving for the health care
system. The scope for this type of mHealth intervention is
expanding with the increase in smartphone ownership and the
availability of easy-to-use and effective apps. This intervention
should be considered by policy makers in NZ and also be
considered by other high-income nations with similar
characteristics.
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Abstract

Background: Worldwide, the internet is an increasingly important channel for health information. Many theories have been
applied in research on online health information seeking behaviors (HISBs), with each model integrating a different set of
predictors; thus, a common understanding of the predictors of (online) HISB is still missing. Another shortcoming of the theories
explaining (online) HISB is that most existing models, so far, focus on very specific health contexts such as cancer. Therefore,
the assumptions of the Planned Risk Information Seeking Model (PRISM) as the latest integrative model are applied to study
online HISB, because this model identifies the general cognitive and sociopsychological factors that explain health information
seeking intention. We shift away from single diseases and explore cross-thematic patterns of online HISB intention and compare
predictors concerning different health statuses as it can be assumed that groups of people perceiving themselves as ill or healthy
will differ concerning their drivers of online HISB. Considering the specifics of online HISB and variation in individual context
factors is key for the development of generalizable theories.

Objective: The objective of our study was to contribute to the development of the concept of online HISB in 2 areas. First, this
study aimed to explore individual-level predictors of individuals’ online HISB intention by applying the postulates of PRISM.
Second, we compared relevant predictors of online HISB in groups of people with different health statuses to identify cross-thematic
central patterns of online HISB.

Methods: Data from a representative sample of German internet users (n=822) served to explain online HISB intentions and
influencing patterns in different groups of people. The applicability of the PRISM to online HISB intention was tested by structural
equation modeling and multigroup comparison.

Results: Our results revealed PRISM to be an effective framework for explaining online HISB intention. For online HISB,
attitudes toward seeking health information online provided the most important explanatory power followed by risk perceptions
and affective risk responses. The multigroup comparison revealed differences both regarding the explanatory power of the model
and the relevance of predictors of online HISB. The online HISB intention could be better explained for people facing a health
threat, suggesting that the predictors adopted from PRISM were more suitable to explain a problem-driven type of
information-seeking behavior.

Conclusions: Our findings indicate that attitudes toward seeking health information online and risk perceptions are of central
importance for online HISB across different health-conditional contexts. Predictors such as self-efficacy and perceived knowledge
insufficiency play a context-dependent role—they are more influential when individuals are facing health threats and the search
for health information is of higher personal relevance and urgency. These findings can be understood as the first step to develop
a generalized theory of online HISB.

(J Med Internet Res 2021;23(12):e25963)   doi:10.2196/25963
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Introduction

Relevance of Focusing on Online Health Information
Seeking Behavior
The internet occupies an increasingly important site for health
information in many regions of the world [1,2]. For instance,
in the United States, 80.2% of the population search for
health-related information via the internet [2]. In Germany,
using the internet to seek health-related information is also of
increasing relevance. A national survey showed that 72% of the
population use the internet to seek information on health issues
[3]. The internet provides an active, problem-oriented
opportunity to find a high volume and variety of online health
information available virtually anywhere and anytime. That
information can be used to guide individuals’ health-related
decisions, help to cope with uncertainties, and find strategies
for living with health threats. Online health information seeking
behaviors (HISBs) give individuals more control over their
health care and greater knowledge about their condition [4,5].
Doing so, online HISB is a “key facilitator for promotion,
maintaining, and returning to health” [6]. Research on why
people seek health information online can identify which
specific groups can be reached using online sources for health
interventions [7]. Therefore, it is important to learn more about
the online search for health information and to understand
individuals’ choices that determine their online HISB.

A wide range of theories has been applied or used as guidance
to examine online HISB, with each model integrating a different
set of predictors [5,6,8-12]. Thus, a common understanding of
predictors of online HISB is still missing [13]. To learn more
about the dominant predictors of online HISB, this study aims
to explore individual-level influencing factors that lead people
to seek health information online. Further, we adopted the
Planned Risk Information Seeking Model (PRISM; [14]) as the
latest integrative model for the online domain and test its
applicability. Another shortcoming of the theories explaining
HISB and online HISB that our study aims to address is that
most existing models, so far, focus on very specific health
contexts such as cancer or diabetes [9,15-18]. Contrary to this
focus, a trend in information seeking research follows Case’s
[19] call to shift away from single diseases [14,20,21]. In
response to this requirement, we aim to explore cross-thematic
patterns of online HISB. We use health status as a comparative
dimension because it can be assumed that groups of people
perceiving themselves as ill or healthy will differ concerning
the personal relevance of online HISB and its drivers [21-23].
Considering variations in individual context factors is the key
for the development of generalizable theories because it helps
to identify both context-specific determinants and
cross-contextually important predictors that would emerge as
the core of online HISB [6].

To sum up, the objective of our study was to contribute to the
theoretical development of the concept of online HISB

concerning 2 areas. First, we aimed to apply the PRISM to
online HISB to analyze predictors of online HISB in general.
Second, we compared the relevant predictors of online HISB
in groups of people with different health statuses to identify
cross-thematic central patterns of online HISB.

Approaches and Challenges of Health Information
Seeking in the Online Domain
HISB is a complex, often multistage, process that can be
conceptualized by its triggers, channel selection, search strategy,
types of information sought, and outcomes [24]. Johnson and
Case [6] describe the selection of a channel as the most basic
decision individuals can make regarding information seeking.
According to the assumptions of a goal-directed selection of
information channels, the specific characteristics of a channel
influence the intention to turn to it [25-29]. Even though the
combined use of multiple channels for information seeking is
prevalent [14,19,30], we argue that a comprehensive
understanding of the different channel-specific processes of
HISB is needed. Therefore, we consider internet-specific
capabilities, attitudes, and norms as access points for further
theory development [8,31]. Compared with other channels, the
internet offers permanent, 24-hour access to extensive,
multifaceted, in-depth, and latest health information.
Furthermore, the active and goal-oriented options to search for
health information online allow a high degree of customizability
[11,12,32]. It is also suitable to seek sensitive information in
contexts where anonymity is of high relevance [33]. Beyond
channel characteristics, explanations for why people go online
have been found in specific predictors. Powell and colleagues
[34] described the characteristics of online HISB identifying
certain motivations, such as the desire for reassurance, a second
opinion, and better understanding of information. However,
information with varying quality raises the importance of certain
abilities and perceived internet self-efficacy to find reliable and
accurate health information increases [12,32,35]. In sum,
existing theory and research on HISB should be extended by
taking channel characteristics of the internet into account and
modeling online HISB.

Modeling Online HISBs
The high importance of the internet for HISB has motivated a
large number of studies, most of which aim to describe and
explain internet use for health-related purposes [36]. Because
of the wide range of theories and predictors used to examine
online HISB [8,9], it remains unclear which predictors are the
dominant or universal ones for online HISB. A specific model
of online HISB is missing; thus, in our study, a well-established
model of HISB serves as a foundation for modeling online HISB
to take past theoretical progress in general HISB into account
to allow progress. The assumptions of the PRISM [14] are
adopted to study online HISB because this model identifies the
general cognitive and sociopsychological factors that motivate
HISB. Variables considered in PRISM were already applied to
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examine online HISB [13], but the whole model was not
examined regarding online HISB so far.

The PRISM was developed with a general health reference and
aimed at explaining information seeking intention in light of
individual-level factors across different risk- and health-related
issues that are valid for multichannel HISB [14]. PRISM is an
integrated model postulating the importance of 7 distal and
proximal factors applied from models such as the Theory of
Planned Behavior [37], the Risk Information Seeking and
Processing Model (RISP; [22,23]), and the Comprehensive
Model of Information Seeking [8,26]. It is often viewed as an
expanded iteration of the RISP that has incorporated additional
models to explain general information seeking intentions as an
outcome [30]. Because of this comprehensiveness, we deemed
the PRISM particularly suitable for our approach.

Based on the Theory of Planned Behavior, the PRISM posits
that the intention to seek information is the result of attitudes
toward information seeking, subjective seeking-related norms,
as well as perceived seeking control. Attitudes toward
information seeking capture an individuals’ evaluation of the
information-seeking behavior. Subjective norms consist of
perceived expectations or social pressure of one’s social
surroundings to seek information (injunctive norms) as well as
seeking behaviors perceived in one’s social surroundings
(descriptive norms). The perceived behavioral control is
understood as an individual's ability to seek information [14].
Further, adopted from the RISP, the PRISM includes an
individual’s perception of his/her state of knowledge and
knowledge insufficiency as well as health-related risk perception
and affective risk response [21-23] as factors that influence the
intention to search for information. Knowledge and knowledge
insufficiency depict the assumption that the desired level of
confidence in an individuals’ knowledge motivates information
seeking [14,21]. Knowledge insufficiency is the gap between
what an individual knows and what he or she needs to know to
feel confident [23,30]. Risk perception refers to the susceptibility
and severity of risks to one’s health, whereas affective risk
response describes a negative affective reaction induced by the
health risk [14,21]. All predictors are postulated to be positively
related to the HISB intention.

Kahlor [14] postulated that the predictors integrated into the
PRISM are valid across channels, but the claim has never been
empirically tested and the individual explanatory power of the
predictors remains uncertain. Particularly, some past studies
including review and meta-analysis indicated that the power of
the predictors of online HISB differs from that of offline sources
[8,31,38,39]. Therefore, Wang and coauthors [13] concluded
that there is a need to refine the PRISM for online HISB.

Concerning attitudes toward seeking and subjective norms, a
meta-analytical review [13] showed that the relation between
both predictors and online HISB is understudied. About the
attitude, recent research postulated a positive association
between attitudes toward online HISB and online HISB intention
[13], suggesting that the postulates of the PRISM apply to the
online context. Comparing source usage regarding the
association with norms, the first findings are mixed. Although
studies support that subjective norms are a critical antecedent

of online HISB [40], others found that normative influences of
family and friends motivate the choice of interpersonal and
mass media channels but not the internet [39]. Accordingly, the
results at least call into question whether norms are among the
strongest predictors of online HISB, as presumed for HISB [21].

Besides, recent studies stressed that particular (perceived)
abilities gain importance for health-related internet use compared
with other sources [13,31]. Instead of perceived seeking control
that is considered in the PRISM [14], perceived self-efficacy is
often theorized as a factor influencing internet use [8,13,35].
The terms are sometimes used synonymously, or self-efficacy
is understood as a dimension of seeking control [20,41].
However, although perceived seeking control includes internal
abilities and external capabilities such as the accessibility of
information, self-efficacy is predominantly based on internal
control factors referring to beliefs in one’s capabilities to execute
a certain course of action such as online HISB [42]. Therefore,
we categorize perceived self-efficacy as a part of perceived
seeking control [43]. Because more than 90% of German
residents possess access to the internet [44] and Germany is
characterized by a high information and communication
technology development index, external barriers to information
acquisition are perceived as low, whereas own capabilities might
be a relevant predictor of online HISB. In line with studies
showing that self-efficacy is a well-confirmed predictor of
internet use [35], we aim to focus on perceived internal control
factors of those residents having access to the internet. Acquiring
health information online is understood as a behavior that
requires many unique capabilities from learning how to use the
internet or search engines to gather health information, locating
different perspectives or high-quality information, and
evaluating the quality of health websites. The need for
corresponding abilities underscores the importance of efficacy
perceptions to perform online HISB, as self-efficacy is known
to determine how much effort an individual is willing to invest
to perform a certain course of action such as online HISB [35].

The multichannel comparison of Yang et al [39] highlighted
that risk perception and affective risk responses as well as
current knowledge and knowledge insufficiency had different
impacts on HISB depending on the channel used. For online
HISB, risk perception, current knowledge, and knowledge
insufficiency were shown to be of low relevance for online
HISB [39]. For negative affective risk responses, a weak but a
significant positive association with online HISB was supported,
whereas negative responses were not associated with turning
to interpersonal or other media sources [39]. Given past findings
that the internet often serves as a channel for a second opinion
[11,35,45], prior use of other sources might result in higher
perceived knowledge or higher awareness of knowledge
insufficiency as predictors of online HISB and influence the
risk perception and affective risk responses, which might
influence the selection of the internet.

Overall, these findings indicate that established factors of HISB
such as social norms, informational self-efficacy, risk
perception, affective risk response, and knowledge insufficiency
are of relevance for online HISB and increase the intention to
seek health information online. However, the dominance of the
predictors might differ in comparison to HISB in offline

J Med Internet Res 2021 | vol. 23 | iss. 12 | e25963 | p.1233https://www.jmir.org/2021/12/e25963
(page number not for citation purposes)

Link et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


channels. Therefore, it is indicated to test whether the general
assumptions of the PRISM can be applied for explaining online
HISB. Our first research question (RQ1) is as follows: Can the
PRISM be applied to explain online HISB intention? The single

hypotheses (H1 to H13) reflect the predicted relationships of
PRISM, whereas the single predictors were transferred to online
HISB. The single hypotheses are shown in Table 1 and
illustrated in Figure 1.

Figure 1. Predicted relationships of the Planned Risk Information Seeking Model applied to online health information seeking behavior. H: hypothesis.

Health Status–Related Importance of Predictors of
Online HISB
Aiming to explain online HISB beyond single disease contexts,
we consider the personal relevance of health topics [39]
distinguishing between routine (ie, driven by a general interest)
and nonroutine information seeking (ie, triggered by a specific
health challenge; [23,33,46]). This context factor of online HISB
is considered by exploring differences in the importance of
predictors of online HISB between a generally healthy
population and people who are facing current health issues.
Current research considering health-related context factors of
online HISB mainly considered health status as a predictor of
online HISB frequency but did not distinguish predictors of
online HISB depending on different health-related contexts
[1,4,9,10,42]. However, the PRISM and RISP have already been
tested concerning different communities and different risks,
that is, across differing health-related contexts [16,23,39,47-50].
Findings revealed the consistency of factor importance across
different risks [23,51] but showed first indications of differences
between populations with limited versus high personal relevance
of a health topic [39]. More detailed findings of Yang et al [39]
suggested that in the general population, higher perceived risks
increased online HISB, whereas among patients with cancer,
risk perception caused a decrease of online HISB. Furthermore,
people’s sense of knowledge insufficiency varied based on
health status, and normative beliefs had a stronger impact on
online HISB in the general population than that among patients
with cancer [39,51,52]. Further, the attitudes toward seeking

information online can be determined by health status as they
are associated with the salience of perceived channel
characteristics [28] and the perceived utility of the internet [8].
As perceived health threats may reduce the self-ascribed ability
to succeed in online HISB [1,53], it is conceivable to posit a
context-dependent role of self-efficacy to use the internet for
health-related purposes. Recent research has suggested that
health status may result in different influence patterns of online
HISB, which might contradict the cross-channel universality
of the PRISM. To substantiate this assumption, a comparison
of the empirical importance of predictors in groups of
individuals with different health statuses is required. Thus, our
second research question (RQ2) is as follows: Do the direct and
indirect predictors of online HISB intention differ between
people who face a health threat and people who perceive
themselves as healthy?

Methods

Recruitment Procedure and Participants
We conducted a standardized personal survey with a
representative sample of 1001 German individuals. The
fieldwork was conducted by a German market research company
using quota sampling intended to guarantee representative
population data. Because we aimed to explain online HISB, our
analysis included only people with internet access (822/1001,
82.1% of the respondents). The respondents were aged between
18 and 88 years (mean 47.08 [SD 16.29] years), and more than
half of the participants were females (459/822, 55.8%).
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Regarding school education, the largest proportion of
participants had a secondary school leaving certificate (371/822,
45.1%). Approximately 28.6% (235/822) of respondents had
less than a secondary school leaving certificate, 14.8% (122/822)
had graduated from high school, and 11.4% (94/822) had
university degrees.

Measures: Online Seeking Intention
Based on Kahlor’s study [14], 3 out of 5 items were applied to
the internet that, on the one hand, express a different strength
of intention (“I intend to look for health information on the
internet in the near future;” “I will look for health information
related to my personal health and risks to my health in the near
future”) and, on the other hand, aim at intensifying the search
for information in the future (“I intend to find more information
about my health on the internet soon”). A global query that
refers to the internet as a whole seemed justified, as recent
studies [45,54] and our survey confirmed that search engines
were central (mean 3.36 [SD 0.96]; frequency measured on a
5-point Likert-type scale ranging from 1 “never” 1 to 5 “very
often”), while direct access to specific online communities
(mean 1.68 [SD 0.95]) or health websites (mean 2.04 [SD 1.01])
was rarely practiced. Further, in the United States, 77% of online
health seekers reported using a search engine to begin a search,
whereas only 13% began at a site that is specialized in health
information [54]. The 3 items were rated on a 5-point Likert-type
scale ranging from strongly disagree (1) to strongly agree (5)
(α=.920; mean 2.45 [SD 1.13]).

Measures: Predictors

Attitudes Toward Online Information Seeking
We adopted the measurement from Kahlor [14] and instructed
our participants to describe their attitudes toward online HISB
with seven 5-point semantic differential pairs (eg, bad/good,
unhelpful/helpful; α=.944; mean 3.29 [SD 0.90]).

Seeking-Related Social Norms
To measure injunctive and descriptive norms, we used single
items adopted from Kahlor [14]: “My family and friends expect
me to seek information on health-related topics and risks” (mean
2.75 [SD 1.15]; injunctive norm) and “People in my life whose
opinions I value seek information on risks and health-related
topics” (mean 3.37 [SD 0.98]; descriptive norm). Both items
were evaluated on a 5-point Likert-type scale: strongly disagree
(1) to strongly agree (5). Since injunctive and descriptive norms
are theoretically conceptualized as 2 dimensions of social norms
[52,55,56] and their correlation is mediocre (r=0.38; P=.01),
we decided to treat them as distinct concepts.

Perceived Health-Related Internet Self-efficacy
Internet self-efficacy was assessed based on a scale of Eastin
and LaRose [57], which was adapted and applied to online HISB
by Rains [35]. The measure consists of 8 items describing
different tasks (eg, evaluating the quality of health websites,
finding high-quality health information) asking for respondents’
perceived abilities in using the internet to acquire health
information. Participants’ applicability to the statements was
measured on a 5-point Likert-type scale (α=.947; mean 3.51
[SD 0.97]).

Risk Perception and Affective Risk Response
Following Kahlor [14], we measured risk perception asking for
the susceptibility (“How likely are you to become ill in the next
year?”) and the severity of an illness (eg, “If you were to become
ill in the next year, how serious do you think it would be?”).
All items for risk perception were measured on a Likert-type
scale ranging from 1 (not at all) to 10 (extremely; α=.863; mean
3.14 [SD 1.89]). As affective responses to perceived health
risks, we assessed the extent to which the participants felt
worried, scared, or uncertain (α=.963; mean 3.32 [SD 2.21]).
The items that capture affective risk response were measured
on a Likert-type scale ranging from 1 (not at all) to 10
(extremely).

Perceived Knowledge and Knowledge Insufficiency
In line with Kahlor [14], we assessed knowledge and knowledge
insufficiency on scales from 0 to 100. First, we asked the
respondents to rate their current state of knowledge about
health-related topics (mean 57.69 [SD 23.01]). Second, they
were asked to rate their needed level of knowledge to cope with
health-related topics (mean 73.49 [SD 19.7]).

Health Status
Health status was measured in 2 different ways [58]. First,
respondents were asked to rate their health status (mean 3.35
[SD 0.85]) on a 5-point scale from “poor” (1) to “excellent”
(5). Second, we asked whether the participants perceived
themselves as currently completely healthy, acutely slightly ill,
acutely seriously ill, or chronically ill [58]. Additionally, we
provided the option to refuse to answer this question. To have
a sufficient group size for comparison, the answers “acutely
slightly ill” (154/822, 18.7%) or “acutely seriously ill” (16/822,
1.9%) and “chronically ill” (59/822, 7.2%) were merged (see
RQ2). For this purpose, 2 groups—people perceiving themselves
as healthy (n=564) or ill (n=229)—were built (see Multimedia
Appendix 1, Table S1). Of the 822 participants, 29 (3.5%)
refused to answer the question about their health status and were
not considered for the group comparison (see RQ2). To validate
this measurement, the relationship between both measurements
of health status was assessed showing a rather strong association
(r=0.53; P=.01).

Statistical Analysis
To answer our research questions and test our hypotheses, we
used latent-variable structural equation modeling in R (version
3.4.2). We used two-step modeling to verify all measurement
models before testing the structural model. The data fit of all
measurement models was evaluated as satisfying (see
Multimedia Appendix 1). In response to the second research
question, we conducted a multigroup analysis to test the PRISM
applied to online HISB intention in a group comparison for
healthy and ill internet users. Therefore, measurement and
structural invariance were evaluated. The results for
measurement invariance are shown in Multimedia Appendix 1.
The invariance appeared problematic but justifiable in single
cases (see Multimedia Appendix 1). The structural invariance
was determined by comparing the unconstrained and constrained
model using χ² and fit statistics.
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Results

RQ1 asked if the PRISM predictors can be applied to explain
online HISB. The model fit indices showed a satisfactory model
fit (χ²335=846.5, P≤.001; comparative fit index [CFI]=0.962,
root mean square error of approximation [RMSEA]=0.043,
standardized root mean square residual [SRMR]=0.054; [59,60]).
Since the other indices had very satisfactory levels, the
significant χ²-test was attributed to the sample size [61,62]. The
model accounted for 31.8% of the variance in online HISB
intention. Besides, the model explained 21.9% of the variance
in perceived knowledge insufficiency, 5.3% of the variance in
perceived knowledge, and 68.5% of the variance in affective
risk response. The results of the hypotheses tests (standardized
beta coefficients and their significance) are reported in Table 1

and Figure 2. Overall, 7 of the 13 hypotheses were confirmed.
Paths that could not be confirmed applied to online HISB were
associated with the distinction between injunctive and
descriptive norms. Only influences of injunctive norms were
found. Injunctive norms were positively related to online HISB
intention (see H2) and perceived knowledge (see H13) but
negatively related to perceived knowledge insufficiency (see
H6). Additional relationships that could not be supported for
online HISB intention included the paths between affective risk
response and perceived knowledge insufficiency (see H5),
between perceived self-efficacy and perceived knowledge
insufficiency (see H10), and between attitudes toward seeking
and perceived knowledge (see H11). In contrast to previous
studies focusing on HISB [14,47,50], the path between perceived
knowledge insufficiency and online HISB intention was
confirmed (see H7).

Table 1. Overview of the hypotheses and outcomes.

Online PRISM (group:
ill)

Online PRISM (group:
healthy)

Online PRISMaProposed path (H: hypothesis)

SupportedSupportedSupportedH1: Attitude toward seeking (online) will be positively related to online
information–seeking intent.

IN: Not supported (not
significant)

DN: Supported

IN: Supported

DN: Not supported

(not significant)

INb: Supported

DNc: Not supported

(not significant)

H2: Seeking-related subjective/injunctive and descriptive norms will
relate positively to online information–seeking intent.

SupportedNot supported

(not significant)

SupportedH3: Perceived seeking control/self-efficacy to search for information
(online) will be positively related to online information–seeking intent.

SupportedSupportedSupportedH4: Risk perceptions will be positively related to affective risk response.

Not supported

(not significant)

Not supported

(not significant)

Not supported

(not significant)

H5: Affective risk response will relate positively to perceived knowledge
insufficiency.

IN: Not supported
(negatively related)

DN: Not supported (not
significant)

IN: Not supported
(negatively related)

DN: Not supported (not
significant)

IN: Not supported
(negatively related)

DN: Not supported (not
significant)

H6: Seeking related subjective/injunctive and descriptive norms will relate
positively to perceived knowledge insufficiency.

SupportedNot supported (not sig-
nificant)

SupportedH7: Perceived knowledge insufficiency will relate positively to informa-
tion seeking intent.

SupportedSupportedSupportedH8: Affective risk response will be positively related to (online) informa-
tion–seeking intent.

SupportedNot supportedSupportedH9: Attitude toward seeking (online) will relate positively to perceived
knowledge insufficiency.

Not supported

(not significant)

Not supported

(not significant)

Not supported

(not significant)

H10: Perceived seeking control/self-efficacy will be negatively related
to perceived knowledge insufficiency.

Not supported

(not significant)

Not supported

(not significant)

Not supported

(not significant)

H11: Attitude toward seeking will be positively related to perceived
knowledge.

SupportedSupportedSupportedH12: Perceived seeking control/self-efficacy will be positively related
to perceived knowledge.

IN: not supported (not
significant)

DN: Not supported (not
significant)

IN: Supported

DN: Not supported

(not significant)

IN: Supported

DN: Not supported

(not significant)

H13: Seeking-related subjective/injunctive and descriptive norms will
be positively related to perceived knowledge.

aPRISM: Planned Risk Information Seeking Model.
bIN: injunctive norm.
cDN: descriptive norm.
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Figure 2. Planned Risk Information Seeking Model applied to online health information seeking behavior intention. The results of the hypotheses tests
are shown as standardized beta coefficients and their significance. DN: descriptive norm; IN: injunctive norm. *P<.05, **P<.01, ***P<.001.

RQ2 asked for differences of predictors of online HISB between
groups of people perceiving themselves as healthy or ill.
Comparing the unconstrained and constrained model showed
that both models fit the data fairly well (unconstrained:
χ²686=1295.0, P≤.001; CFI=0.958; RMSEA=0.050;
SRMR=0.061; constrained: χ²726=1295.0, P≤.001; CFI=0.949;
RMSEA=0.051; SRMR=0.065), but the χ² difference test
indicated that the models are not equivalent (Δχ²=101.1, Δdf=40;
P≤.001). The unconstrained model was superior, implying that
path coefficients vary among groups. The comparison of the
power of the model for healthy and ill people showed that the
model accounted for a higher level of variance for ill people

with regard to online HISB intention (healthy people: R2=0.273

vs ill people: R2=0.437; ΔR2=0.164), the affective response to

perceived risks (healthy people: R2=0.550 vs ill people:

R2=0.693; ΔR2=0.143), and perceived risks (healthy people:

R2=0.058 vs ill people: R2=0.074; ΔR2=0.016). In turn, the
model explains more variance in perceived knowledge

insufficiency for healthy people (R2=0.229) in comparison with

ill people (R2=0.193; ΔR2=0.036).

Looking at single paths (see Figure 3 and Figure 4), we found
different influences from social norms (see H2 and H13). While
in the healthy group, injunctive norms had weak to mediocre

but significant effects on seeking intention (healthy: β=.18;
P<.001; ill: β=.08; P=.20), on perceived level of knowledge
(healthy: β=.19; P<.001; ill: β=.01; P=.91), and on perceived
knowledge insufficiency (healthy: β=–.12; P=.01; ill: β=–.04;
P=.55), these paths were not significant or weaker in the group
of ill people (Figure 4).

For the group of ill people, the intention to seek information
was significantly influenced by descriptive norms (healthy:
β=.02; P=.61; ill: β=.13; P=.047) rather than injunctive norms.
Furthermore, perceived internet self-efficacy had a significant
and stronger influence on the online HISB intention (see H3;
β=.09; P=.07 vs ill: β=.30; P<.001) and the perceived level of
knowledge among ill people (see H12; healthy: β=.11; P=.049
vs ill: β=.28; P<.001). The association between self-efficacy
and attitudes toward seeking was stronger in the group of healthy
people compared with people facing health threats (healthy:
β=.47; P<.001; ill: β=.30; P<.001). Other differences related
to the relationships between perceived knowledge insufficiency
and health information seeking intention (see H7; healthy:
β=.05; P=.19; ill: β=.17; P=.01) and between the attitudes
toward seeking information online and knowledge insufficiency
(see H9; healthy: β=.05; P=.31; ill: β=.18; P=.01). In both cases,
only the path for the group of people perceiving themselves as
ill was significant.
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Figure 3. Online Planned Risk Information Seeking Model comparing healthy and ill people (group of healthy individuals). The results of the tests are
shown as standardized beta coefficients and their significance. DN: descriptive norm; IN: inductive norm. *P<.05, **P<.01, ***P<.001.

Figure 4. Online Planned Risk Information Seeking Model comparing healthy and ill people (group of ill individuals). The results of the tests are shown
as standardized beta coefficients and their significance. DN: descriptive norm; IN: inductive norm. *P<.05, **P<.01, ***P<.001.

Discussion

Specifics of the Predictors of Online HISB Intention
As the internet is a frequently used channel for health-related
purposes, we applied the PRISM [14] to the internet to provide

a theoretically sound analysis of predictors of online HISB
intention and refine the PRISM for the online context (RQ1).
Our results reveal PRISM to be an effective framework for
explaining online HISB intention. For online HISB, attitudes
toward seeking health information online provide the most
important explanatory power followed by risk perceptions and
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affective risk responses. These factors are identified as most
essential for online HISB intention and can be understood as
the cross-contextual core or dominant predictors of online HISB
[6,13]. Further, perceived health-related internet self-efficacy,
injunctive norms, and perceived knowledge insufficiency
influence a higher online HISB intention. However, they seem
to be of secondary importance to explain the intention to turn
to the internet. For self-efficacy, our findings do not confirm
the postulated higher importance for online HISB [31]. This
may be attributed to the fact that our respondents perceive
internet use for health-related purposes as less challenging than
assumed. As the analyzed sample consists of internet users only,
it would be a valuable supplement to compare users with
nonusers. However, this was not the aim of this study but should
be considered in the future. Regarding the rather weak impact
of social norms, our findings are in line with the results of Yang
et al [39]. Social norms seem to be less important for online
HISB in comparison with HISB in general [14,16]. This is
particularly evident for descriptive norms, which have neither
an effect on the intention to seek information nor on perceived
knowledge insufficiency and the current state of knowledge.
The rather weak effect of perceived knowledge insufficiency
should be assessed against the background of previous studies
that found no relation between knowledge insufficiency and
seeking intention [14,50]. This raises the question about the
importance of perceived knowledge as a relevant predictor of
seeking intention [21]. Our results indicate that the PRISM is
a fruitful base to explain online HISB intentions and demonstrate
that the process of online HISB rests partially on influencing
factors other than offline HISB [21,39]. Thus, more research
comparing online HISB with HISB in other channels is needed
to determine the differences between channels and to develop
a robust generalizable theory of online HISB.

Impact of Health Status on Online HISB
RQ2 addressed the difference between predictors determining
online HISB intentions for groups of people perceiving
themselves as healthy or ill. The multigroup comparison
revealed differences both regarding the explanatory power of
the model and the relevance of different influencing factors of
online HISB. In general, the causal assumptions were confirmed
with greater effect sizes in the subsample of ill people than that
in the healthy subsample. Accordingly, the online HISB
intention can be better explained for people facing a health
threat, suggesting that the influencing factors adopted from
PRISM are more suitable to explain a problem-driven type of
information-seeking behavior [33,46,63]. These findings call
for improving the theoretical understanding of online HISB
intentions by healthy people who do not feel immediate pressure
to acquire health-related knowledge even though they might
perceive their knowledge as insufficient. At the same time, these
results indicate that the internet is a particularly important source
for ill people [3,45,64], which is important to consider in efforts
of distributing health information.

Referring to the single predictors, attitudes toward seeking and
risk perception are identified as important in both groups.
Although attitudes toward seeking have a stronger influence in
the group of healthy people, risk perception and affective risk
response show a stronger association for people facing health

threats. This contrasts with the findings of Yang et al [39], who
identified a positive effect of risk perception on internet use for
healthy people and a negative effect for patients with cancer.
The severity of a disease could be responsible for this difference.
It should be pointed out that the group of people facing a health
threat surveyed in this study covers very different health
statuses; hence, it is impossible to address differences related
to diseases with different degrees of severity and susceptibility.
Specific influencing patterns are plausible, and non-HISB coping
strategies such as information avoidance are more likely in the
case of highly severe diseases such as cancer [65].

Beyond the cross-contextual factors of online HISB, social
norms, internet self-efficacy, and perceived knowledge
insufficiency are observed as context-specific influencing factors
of online HISB intentions. The results regarding the role of
social norms are in line with the findings of Yang et al [39] and
complement them. They confirm that injunctive norms are a
more important predictor for healthy than for ill people. Besides,
our data show a higher relevance of descriptive norms for people
perceiving health threats. Thus, the individual adherence to
injunctive and descriptive norms indicates that healthy people
are more strongly influenced for online HISB by perceived
expectations held by people in their social environment, while
higher intentions among people perceiving themselves as ill are
more strongly influenced by the perceived behavior of relevant
others. This can be traced back to the fact that affected
individuals observe others as role models in a challenging
situation; adopting information-seeking behaviors they perceive
others to apply in similar situations may provide a solution for
the individual search for help, while the perceived pressure from
others appears less important in this situation. The
context-dependent role of self-efficacy shows that online HISB
intention is only directly affected by self-efficacy for people
facing health threats that might result from a higher pressure to
search for health-related information in the case of illness. For
healthy people, the perception of being capable to gather
information appears less relevant as their search for health
information lacks urgency. However, self-efficacy has a stronger
effect on positive attitudes toward seeking information online.
This might indicate that healthy individuals assume that they
can benefit from the search for information if and when the
corresponding needs arise [66]. Another difference between
individuals in contexts of health versus illness was found
regarding the influence of perceived knowledge insufficiency
on the intention for online HISB. This influence is only
significant in the group of ill people, which indicates that
sufficient knowledge is particularly perceived relevant when
problems occur and information might help; so far, this path
has not been confirmed in many studies [14,50]. Besides, the
influence of attitudes toward seeking health information on
perceived knowledge insufficiency was only apparent for the
group of people facing health threats. This suggests that health
threats are raising awareness of knowledge insufficiency [39].
Overall, the results suggest that the relative importance of
predictors of online HISB differs depending on the individual’s
health status. Therefore, considering health status is a valuable
extension of theory-based explanatory modeling of online HISB.
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Limitations and Resulting Tasks for Future Research
Although this study informs about the necessity to adjust
theoretical models for online HISB, the limitations of the study
need to be considered. First, it should be mentioned that
information seeking rarely involves only one channel [19,28,29].
Future studies should therefore map the influences of other
sources on selecting the internet for health information and
compare individual selection factors for different channels. A
second limitation is that our study is based on cross-sectional
data; therefore, no causality statements can be derived. To ensure
a deeper understanding of the processes of information search,
longitudinal designs are required in future research. Furthermore,
there is a need for cross-cultural studies because the use of the
internet to search for health-related topics varies between
cultures and countries. We already know that people in the
United States are overall more likely to use the internet for
health purposes than Europeans [1,2,67]. This suggests that
HISB should be systematically compared in terms of cultural
context. Third, it should be critically reflected that the
categorization of respondents as healthy or ill is unspecific and
only based on self-perceptions. Owing to the comparatively
small number of cases, differences between acute and chronic
illness could not be considered, and different degrees of severity
and courses of diseases could not be mapped separately. It can
be assumed that, depending on different diseases and different
indicators of being or feeling more or less healthy or ill,
intentions of HISB will vary [39,66,68]. It should also be noted
that the health status variable used to compare the model
between contexts of health and illness is closely linked to risk
perception as a component of the model. The state of health
represents the actual state and can be understood as a predictor
of risk perception directed toward the future. Instead of
comparing groups of people with different health statuses,
further research should integrate health status as a predictor
influencing risk perception. Another limitation is associated
with the not sufficiently complex measurement of intention to
seek information online, as there are manifold types of message
forms and contents that can be accessed online (eg, dedicated
websites, social media, streaming services, video platforms with
user-generated content). Future research should thus consider
the diversity to use the internet. Likewise, injunctive and
descriptive norms were measured as single items, which should
be improved in follow-up studies as well.

Conceptual Perspectives: Advancing Theorizing on
HISB
To sum up, our results indicate that attitudes toward seeking
health information online and risk perceptions are of central
importance for online HISB across different health statuses.
The importance of social norms is generally low for online
HISB. Further, predictors such as self-efficacy and perceived
knowledge insufficiency play a context-dependent role—they

are more influential when individuals are facing health threats
and the search for health information is of higher personal
relevance and urgency. These findings can be understood as the
first step to develop a generalized theory of online HISB. In
general, the findings from invariance tests indicate that some
of the applied measurements such as risk perception may have
limited equivalence in health and illness contexts. This points
to limited generalizability of the PRISM, which seems to reach
greater explanatory power for ill people who are facing more
immediate information needs than for healthy people whose
inclination to seek and acquire health-related information is not
that much energized by situational circumstances [33,46]. This
conceptual challenge also holds implications for measurement
and testing the PRISM. Although items should be used that are
independent of specific health status, the common way of
measuring appears not to be optimal for application across
different groups with different health statuses. Thus, further
studies are needed to show the extent to which the differences
found are valid for different health statuses and different
information sources to advance model development and increase
understanding of the processes of HISB in more detail.

Application Perspectives
Effective disseminating of health information in the online
domain can benefit from these findings, as the obtained
importance of predictors in health and illness conditions allows
to characterize target audiences with greater precision. One
striking example of such possible benefits is the observation
that internet-related self-efficacy makes a substantially greater
difference for online HISB among the ill than among the healthy
respondents. Providers of information on a specific illness
should thus be aware that online platforms may fail to reach out
to relevant parts of the target group who are affected by the
illness, as only those with higher self-efficacy are likely to
access the online information. Additional (channel) strategies
beyond online services are thus advised to avoid information
underserving of those patients who do not believe in their ability
to find and acquire online health information. In contrast,
providers of general or prevention-related health information
should consider that motivation of healthy individuals to access
their content online is primarily influenced by a positive attitude.
Thus, although internet resources have low access barriers and
are (seemingly) easy to find and acquire, population segments
who do not find online HISB desirable are unlikely to make use
of the offered information. Hence, among healthy people, the
availability, importance, and usefulness of preventive health
information on the internet need to be precisely triggered to
increase information pull; besides, general health information
should still be transported through mass communication
channels such as billboards or television that reach out to
nonsearching audiences even in times of nearly permanent
internet availability and use.
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SRMR: standardized root mean square residual
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Abstract

Background: Mobile health (mHealth) as an innovative form of information and communications technology can efficiently
deliver high-quality health care by enhancing communication and health management, reducing costs, and increasing access to
health services. An individual’s internal health locus of control (HLOC) is found to be associated with the behavioral intent to
adopt mHealth. However, little is known about the underlying mechanism of this association.

Objective: The primary objective of this study was to test the mediation influence of the Unified Theory of Acceptance and
Use of Technology (UTAUT) on the relationship between internal HLOC and the behavioral intention to use mHealth.

Methods: A total of 374 responses were collected from Malaysian adult users of mHealth, using convenience and snowball
sampling methods. Partial least squares structural equation modeling was used to analyze the data. Data were collected for
variables, including demographics, internal HLOC, and modified UTAUT constructs (ie, performance expectancy, effort expectancy,
and social influence).

Results: The results showed that there was no direct relationship between internal HLOC and the behavioral intention to use
mHealth (β=−0.039, P=.32). The indirect relationship between internal HLOC and the intent to adopt mHealth was supported,
indicating that the UTAUT constructs performance expectancy (β=0.104, P<.001), effort expectancy (β=0.056, P=.02), and social
influence (β=0.057, P=.002) mediated this relationship. The results showed full mediation, with total variance explained at 47.2%.

Conclusions: This study developed an integrative model, where a health-related disposition (internal HLOC), mHealth-related
beliefs (performance expectancy and effort expectancy), and normative pressure (social influence) were combined to explain the
underlying mechanism of the behavioral intent to adopt mHealth. The results showed that the intention to adopt mHealth is
mediated by the influence of UTAUT factors, while HLOC has no direct effect on adoption intention. The findings provide
insights into augmenting mHealth adoption among the public by enhancing the perceived benefits of mHealth, helping design
more effective and user-friendly mHealth tools, and capitalizing on social normative influence to adopt mHealth. This study
utilized the constructs of the UTAUT model to determine the intention to use mHealth. Future research should focus on other
health- and technology-related theories to ascertain other possible factors influencing the behavioral intent of mHealth adoption.

(J Med Internet Res 2021;23(12):e28086)   doi:10.2196/28086
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Introduction

Background
Over the past decades, health care systems in most countries
around the world have experienced tremendous changes because
of the rapid advancement in information and communications
technology (ICT). Mobile health (mHealth), as an innovative
form of ICT, is one of the most prominent services with
remarkable effects on the development of the health care system
[1]. According to the Global Observatory for eHealth, mHealth
is defined as “medical and public health practice supported by
mobile devices, such as mobile phones, patient monitoring
devices, personal digital assistants, and other wireless devices”
[2]. mHealth has the potential to enhance the quality of health
care systems by improving communication, efficiency, treatment
adherence, and health/disease management; reducing costs; and
increasing access to interventions and health services [3-6].

The popularity of mHealth programs has grown worldwide as
evidenced by a Statista report in 2017 regarding the estimated
number of mHealth app downloads, which has exponentially
increased from 1.7 billion in 2013 to 3.7 billion in 2017 [7]. A
global survey undertaken by the World Health Organization in
2011 showed that 114 countries have established mHealth
initiatives, with health call centers, emergency toll-free
telephone services, management of emergencies and disasters,
and mobile telemedicine being the 4 most frequently reported
initiatives in many countries [8]. Malaysia in Southeast Asia
has started restructuring its health care policies and encouraging
more start-ups to use disruptive technology to solve key medical
challenges [9]. As Malaysia has a high smartphone usage (78%
in 2018 [10]), mHealth adoption in the country can be a new
and effective approach to empower people in health management
and transform the attitude toward health care from reactive to
proactive [11].

The importance and implications of mHealth have inspired
researchers to investigate the factors in the adoption of mHealth.
A cluster of studies viewed mHealth as a perceived
technology–driven behavior and attempted to find the correlates
of such behavior using technology adoption theories [12-14].
Another stream of studies attempted to explain mHealth from
health-related perspectives and examined health factors as
predictors of mHealth adoption [15]. While the former has been
widely researched, the latter has received less attention.

Among health-related factors, the belief that health events are
caused by one’s own actions is one of the major predictors of
health behaviors such as greater engagement in health/disease
management, healthier lifestyle, and better physical and mental
quality of life [16,17]. Those who believe that they have an
active role in one’s own health, also known as internal health
locus of control (HLOC), are more likely to take responsibility
toward their health and engage in health behaviors [18]. Given
that individuals’ health-related dispositional factors are
significant antecedents of health behaviors [19], including the
use of health technologies [20-22], very limited studies have
examined the relationship between internal HLOC and the intent
to adopt mHealth [23].

Although the direct relationship between internal HLOC and
behavioral intention to use mHealth provides a noteworthy tenet
to knowledge, little is known regarding the underlying
mechanism of this relationship. Focusing on mediating factors,
which facilitate the relationship between internal HLOC and
the intent to use mHealth, can provide a better insight to
Malaysian health policy makers and health care professionals
for embedding mHealth use in daily life and promoting mHealth
functions (such as health/disease information seeking,
communicating for health-related purposes, and downloading
and using any health-related apps) for health management and
more importantly active participation in disease prevention,
thus reducing the need for health care services and consequently
the toll on the Malaysian health care system.

Therefore, this study aims to contribute to the literature by
introducing 3 constructs of the Unified Theory of Acceptance
and Use of Technology (UTAUT) (ie, performance expectancy,
effort expectancy, and social influence) as mediators between
internal HLOC and the intention to use mHealth, which, to the
best of our knowledge, has not been examined thus far. The
UTAUT is one of the most widely accepted technology adoption
theories with a wide applicability and a high explanatory power
to predict the intent to adopt technology [24]. By integrating
the UTAUT constructs as mediators in the association between
internal HLOC and the intention to use mHealth, a mediation
model has been developed to explain the mechanism that
underlies the relationship between internal HLOC and behavioral
intent to adopt mHealth. Therefore, the objectives of this study
are to investigate (1) the relationship between internal HLOC
and behavioral intent to adopt mHealth; (2) the relationship
between the constructs of the UTAUT (ie, performance
expectancy, effort expectancy, and social influence) and the
intention to adopt mHealth; (3) the relationship between internal
HLOC and the constructs of the UTAUT; and (4) the mediation
effects of performance expectancy, effort expectancy, and social
influence in the relationship between internal HLOC and the
intent to adopt mHealth.

Literature

HLOC and Technology-Related Behaviors
Locus of control (LOC) is a psychological construct that is
derived from the social learning theory of personality [25].
Wallston et al [18] developed a multidimensional HLOC scale,
which denotes how much individuals believe they are in control
of their current and future health. HLOC can be measured as
an internal or external HLOC [18]. Internal HLOC posits an
active role in one’s own health and taking responsibility toward
health, whereas external HLOC is divided into 2 parts, with one
referring to powerful others and the other referring to chance,
luck, or the influence of religion [18].

In general, higher levels of internal HLOC are more likely to
drive healthy behaviors and more successful changes in health
behaviors and preventive health behaviors, whereas higher levels
of external HLOC are not. Stronger internal HLOC orientations
were found to be related to greater engagement in
health-enhancing behaviors (such as exercise and diet)
[16,26,27]; better mental and physical quality of life [16]; lower
rates of smoking and excessive drinking [28,29]; better
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medication adherence [30]; lower levels of stress, depression,
and anxiety [16,31]; longer survival time after surgery [32]; and
better health rehabilitation and care [33,34]. Moreover,
individuals with internal HLOC tend to actively use coping
strategies that focus on solving problems [17] and show greater
beliefs in the ability to control the risk of disease [35,36].
Conversely, those with high chance HLOC believe that there
is nothing much they can do to influence their health outcomes,
and consequently, they are less likely to engage in health
behaviors [37]. Additionally, those with higher external LOC
are more likely to report higher levels of stress [38] and have
worse mental health, as they use more emotion-focused
strategies [17].

Research into technology adoption has relied on LOC as a
construct that explains adoption behavior. Empirical studies
provided support for the association between LOC and higher
propensity of adopting technology in an array of technologies
where differences in internal and external LOC tend to
differentiate the behaviors between these 2 groups [39-42].
Individuals with internal LOC tend to use technology in a
goal-directed manner; they are more likely to adopt
problem-solving stances to change the environment compared
with externals [43]. Internals are more likely to have higher
utilization of the technology [44,45]. They are early adopters
of technology, are more satisfied with their skills to use
technology, and are more comfortable with technology [43],
and they perceive difficulties in using technology as associated
with their own lack of abilities [46]. Given the rising technology
use across all demographic groups, an emerging cluster of
scholarly works has been devoted to internal HLOC to predict
the intention to adopt mHealth [23].

The Mediating Effect of UTAUT Constructs
Limited research on the relationship between internal HLOC
and behavioral intent to adopt mHealth calls for further
investigation into the possibility of other variables that could
underlie this relationship. Therefore, this study intends to
suggest the mediating effect of UTAUT constructs to test the
indirect relationship between internal HLOC and the intention
to use mHealth. Venkatesh et al developed a unified model that
has an overall comprehensive explanatory power to
conceptualize and predict acceptance behavior, known as the
UTAUT [47]. Numerous UTAUT studies have verified that 3
core constructs (ie, performance expectancy, effort expectancy,
and social influence) can affect the intention to adopt technology
[48-54]. Performance expectancy refers to “the degree to which
an individual believes that using the system will help him or
her to attain gains in job performance” [47]. Effort expectancy
is defined “as the degree of ease associated with the use of the
system” [47]. Social influence is defined “as the degree to which
an individual perceives that important others believe he or she
should use the new system” [47]. Performance expectancy,
effort expectancy, and social influence have direct effects on
behavioral intention, which in turn predicts use behavior [47].

Since its emergence, the UTAUT has been empirically tested
across domains [53-55], including eHealth and mHealth [56,57].
Past studies have shown that performance expectancy, effort
expectancy, and social influence are significantly associated
with the intention to use eHealth and mHealth in elderly people
and citizens dealing with a health problem [12,52]. Application
of the UTAUT to examine the intention to use eHealth and
mHealth among clinicians and health care professionals has
also been endorsed in a handful of studies [14,56]. It is
understood that the target population in most past studies was
mainly older adults, people with a health problem, and health
professionals. This study attempts to investigate the associations
between the 3 constructs of UTAUT (ie, performance
expectancy, effort expectancy and social influence, and intention
to use mHealth) among Malaysians aged 18 years or above.
Evidence showed that although most Malaysians have limited
knowledge about mHealth, they reported having a positive
attitude toward mHealth [58]. Likewise, a favorable affective
feeling was also reported toward telemonitoring systems by
patients [59], telemedicine technology by health providers [60],
e-counseling by counselors [61], and internet usage for
health-related purposes (such as health information seeking and
communication) by women [20].

Individuals who score high in internal LOC, also known as
internals, cherish innovative ideas [62], tend to be early adaptors
of innovative products [44,63], and perceive technology as
useful [41,42,46], thus showing a stronger tendency toward
technology adoption [64]. They also master their learning
environment using more proactive approaches and believe that
using technology is free of effort [65]. Internals are characterized
by high self-efficacy, which is the impetus to overcome
difficulties in using technologies [55]. They are more likely to
demonstrate a positive attitude toward computers [65,66], and
greater confidence and lower levels of anxiety in using
computers [67]. Internal LOC has also been empirically found
to be associated with social influence [68,69]. Individuals with
higher internal LOC tend to be less likely to be influenced by
others [70].

In light of the above literature, we would expect internal HLOC
to predict UTAUT constructs, which may, in turn, predict
behavioral intent to adopt mHealth. In other words, instead of
a direct relationship between HLOC and mHealth, we would
expect an indirect relationship that could provide an underlying
mechanism to explain how those high on internal HLOC are
disposed toward mHealth use. Individuals who tend to assign
the cause of health outcomes to their internal characteristics
rather than to outside forces are more likely to perceive that
mHealth is useful and easy to use. However, they may not use
mHealth because of social influences as they do not believe that
external forces, such as others, can motivate them to use
mHealth. Because of their belief in mHealth usefulness and ease
of use, they may have an intention to adopt mHealth. However,
their resistant to social influence may hinder them from adopting
mHealth. Hypotheses and justifications for the hypotheses are
presented in Textbox 1.
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Textbox 1. Hypotheses and justifications for the hypotheses.

Hypothesis 1: Internal health locus of control (HLOC) has a positive relationship with the intention to adopt mobile health (mHealth).

Justifications for the hypothesis

• It was found that there is a relationship between locus of control (LOC) and technology adoption in developing agriculture [39], online games
[40], and online learning [41,42].

• Individuals with oropharyngeal head and neck cancer with a high propensity for an internal HLOC orientation showed their support toward
telepractice models of care telerehabilitation [22].

• A cross-sectional study revealed that the amount of control college students believed they had over their health predicted willingness to use health
apps and online health trackers [23].

Hypothesis 2: Performance expectancy has a positive relationship with the intention to adopt mHealth.

Hypothesis 3: Effort expectancy has a positive relationship with the intention to adopt mHealth.

Hypothesis 4: Social influence has a positive relationship with the intention to adopt mHealth.

Justifications for the hypotheses

• In a study to examine the intention of elderly people aged 57 to 77 years to use eHealth apps, expected performance and effort were highly related
to the intention to use eHealth while social influence was not [52].

• A study revealed that Unified Theory of Acceptance and Use of Technology factors, namely effort expectancy, expectancy performance, and
social influence, were significant determinants of the intention for mHealth adoption behavior in citizens like diabetic patients who were taking
traditional health care services repeatedly from any medical hospital for diabetes, blood pressure, and cholesterol monitoring in the United States,
Canada, and Bangladesh [12].

• A study on the intention to use a mobile electronic health record (MEHR) system in a sample of health care professionals (doctors and nurses)
showed that the intention to use the MEHR system was indirectly influenced by effort expectancy and performance expectancy through attitudes
toward the MEHR system, while social influence was found to be directly associated with the intention to utilize the MEHR system [14].

• Venugopal et al [56] examined clinical staff’s perspectives on the usage of telemedicine and electronic health records in hospitals and found that
performance expectancy, effort expectancy, and social influence have a significant impact on intention, which in turn impacts the usage behavior
of electronic health records and telemedicine.

Hypothesis 5: Internal HLOC has a positive relationship with performance expectancy.

Justifications for the hypothesis

• Individuals with high internal LOC are more likely to seek new information when the information is personally relevant, and obtain valuable
knowledge and skills to enhance their performance [65,71].

• Internals commonly display a favorable attitude toward technology [66].

Hypothesis 6: Internal HLOC has a positive relationship with effort expectancy.

Justifications for the hypothesis

• Individuals with internal LOC attributed perceived difficulty toward technology to their own abilities and attempted to use technology more
effectively [46].

• Internals have more experience in using technologies and find technology, such as e-learning, easy to use [41,42,72,73].

Hypothesis 7: Internal HLOC has a negative relationship with social influence.

Justifications for the hypothesis

• Individuals with higher internal LOC are resistant to social influence as they feel they have more self-control and self-reinforcement over their
life and things that happened to them [71].

• They are not easily persuaded and do not conform to others’ influence [68].

Hypothesis 8: Performance expectancy mediates the positive relationship between internal HLOC and the intention to adopt mHealth.

Hypothesis 9: Effort expectancy mediates the positive relationship between internal HLOC and the intention to adopt mHealth.

Hypothesis 10: Social influence mediates the positive relationship between internal HLOC and the intention to adopt mHealth.

Justifications for the hypotheses

• Performance expectancy and effort expectancy were found to be positive and significant mediators among website design, customer service, and
customer’s intention to adopt internet banking [74].

• Performance expectancy and effort expectancy were found to be linked to user adoption in context awareness and Alipay, a third-party mobile
and online payment platform [75].
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Fong et al [55] explored the mediating role of effort expectancy and perceived risk in the relationship between internal LOC and the intention to
reuse mobile apps for making hotel reservations.

•

Methods

Participant Profiles
Among 374 participants in this study, there were 145 males and
229 females. The participant age ranged from 18 to 68 years
(mean 28.01 years, SD 11.10). Almost 45% (166/374, 44.4%)
of the participants were Chinese, and 40.7% (152/374) were
Malays. In terms of health status, 47.4% (177/374) of the
participants perceived their health status as good, 27.5%
(103/374) perceived it as fair, and 18.2% (68/374) perceived it
as very good. Participants were also asked whether they had an
ongoing or a serious health problem that included heart disease,

arthritis, or a mental health condition requiring frequent medical
care, such as regular visits to doctors or daily medications. The
majority (315/374, 84.3%) of the participants indicated that
they did not have any ongoing or serious health problem, while
12.0% (45/374) reported that they did not know of any serious
health problems. A small percentage (14/374, 3.7%) of
participants had an ongoing disease or serious health problem.
Lastly, regarding mobile phone usage experience, 40.4%
(151/374) of the participants had 8 to 10 years of experience,
39.0% (146/374) had 4 to 7 years of experience, 15.0% (56/374)
had more than 10 years of experience, and 5.6% (21/374) had
1 to 3 years of experience. Table 1 shows the demographic
profile of the respondents.

Table 1. Demographic profile of the respondents.

Value (N=374), n (%)Background variable

Gender

145 (38.8)Male

229 (61.2)Female

Ethnicity

152 (40.7)Malay

166 (44.4)Chinese

47 (12.5)Indian

9 (2.4)Others

Perceived health status

3 (0.8)Do not know

9 (2.4)Poor

103 (27.5)Fair

177 (47.4)Good

68 (18.2)Very good

14 (3.7)Excellent

Disease

14 (3.7)Yes

315 (84.3)No

45 (12.0)Do not know

Mobile phone usage experience

21 (5.6)1-3 years

146 (39.0)4-7 years

151 (40.4)8-10 years

56 (15.0)>10 years

Research Design and Procedure
This study used a questionnaire-based cross-sectional design
to collect the required data. A total of 400 questionnaires were
distributed to Malaysian adults residing in Kuala Lumpur,
Malaysia. The subjects for this study were drawn from mHealth

users. A screening self-report question was included in the
survey to identify mHealth users. Participants were asked if
they have ever used their smartphones for any health-related
purposes, such as seeking health- and disease-related
information online, texting messages for health-related purposes
(such as reminders/alerts for appointments, taking medications,
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and consultations), and downloading and using any
health-related apps (such as fitness apps, and apps for health
tracking and medication tracking). Participants who reported
having used their smartphones at least for one of these purposes
were included in the analysis.

The questionnaire comprised an informed consent form,
demographic profiles, and questions related to internal HLOC
and the modified UTAUT constructs for mHealth use. Data
were collected using convenience and snowball sampling
methods. A research assistant was recruited for data collection.
Participation was voluntary where confidentiality was ensured,
and respondent consent was obtained before commencing the
survey. Participants were given an absolute right of withdrawal
at any time and without giving any reason. The protocol of the
study (including the research procedure, the rights and safety
of the participants, and the method of data collection) was
approved by the review board of Xiamen University Malaysia
to ensure compliance with research ethics. The approval number
is REC-1911.01.

The following 2 rules of thumb are used for choosing the sample
size when partial least square is to be used for model analysis:
(1) “10 times the scale with the largest number of formative (ie,
causal) indicators (note that scales for constructs designated
with reflective indicators can be ignored),” and (2) “10 times
the largest number of structural paths directed at a particular
construct in the structural model.” [76]. This study did not have
any formative indicator. Therefore, the first rule of thumb was
not applicable for this study. According to the former rule of
thumb, the minimum sample size for this study is 70, as the
largest number of structural paths in the research model is 7,
which is related to the behavioral intent to adopt
mHealth. Further, recent developments suggest that researchers
should determine sample size through power analysis [77,78].
Power analysis determines the minimum sample size by taking
into account the part of a model with the largest number of
predictors [79]. Therefore, we used G*Power to determine the
required sample size. Based on G*Power, the adequacy of
sample size was computed using the statistical tests
recommended. For a mediation model, the input information
was as follows: test family: “F tests,” statistical test: “linear
multiple regression: fixed model, R2 deviation from zero,” type
of power analysis: “a priori: compute required sample size–given
α, power, and effect size,” with effect size=0.15, α=.05,
power=0.90, and number of predictors=4. G*Power showed
that the minimum sample size required for the mediation model
is 108, with an actual power of 0.90. Therefore, the number of
responses collected for this study was sufficient for analysis.

Measurements

Internal HLOC
In measuring internal HLOC, 6 items were adopted from the
Multidimensional Health Locus of Control scale developed by

Wallston et al [18]. Respondents were asked to rate items on a
5-point Likert scale from 1 (strongly disagree) to 5 (strongly
agree).

Performance Expectancy, Effort Expectancy, Social
Influence, and Intention to Use mHealth
Items to measure performance expectancy, effort expectancy,
social influence, and intention to use mHealth were directly
extracted from the original UTAUT model [24,47] and modified
to make them consistent with mHealth use behavior. Participants
were requested to rate the items on a 5-point Likert scale ranging
from 1 (strongly disagree) to 5 (strongly agree).

Questions related to internal HLOC and the modified UTAUT
constructs for mHealth use are included in Multimedia Appendix
1.

Results

Data Analysis
In this study, partial least squares structural equation modeling
(PLS-SEM) was used to examine the proposed conceptual
framework using SmartPLS software. By using PLS-SEM, the
direct and indirect effects of multiple independent and dependent
variables can be tested simultaneously, which provides greater
statistical power. PLS-SEM is also able to accommodate a study
with a small sample size despite the complexity of the models
[79]. After excluding incomplete questionnaires, 374 responses
were included in the analysis. The results consisted of a 2-stage
analytical procedure, which involved a measurement model and
structural model, to validate the model and test the hypotheses
developed for the purpose of this study.

Measurement Model
The first step in the analysis concerning the measurement model
was to examine the factor loading. In this study, the factor
loadings of the items varied from 0.632 to 0.945 (Table 2). All
items were retained as the factor loadings were above the
recommended value of 0.6 [80]. Second, composite reliability,
which measures the internal consistency of the constructs, was
used to measure the reliability of the variables. According to
Hair et al [79], the minimum value of composite reliability is
0.7. Table 2 shows that all the constructs yielded good composite
reliability ranging from 0.873 to 0.954. Third, convergent
validity was assessed using average variance extracted (AVE).
Hair et al [79] mentioned that the minimum acceptable value
for AVE is 0.5 or higher, which indicated that 50% or more of
the items were explained by the construct. In this study, all the
constructs exceeded the acceptable value, which indicated that
all the constructs obtained good convergent validity (Table 2).

J Med Internet Res 2021 | vol. 23 | iss. 12 | e28086 | p.1250https://www.jmir.org/2021/12/e28086
(page number not for citation purposes)

Ahadzadeh et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Assessment results of the measurement model.

AVEbCRaLoadingConstructs and items

0.5350.873Internal health locus of control

0.714IHLC1

0.662IHLC2

0.799IHLC3

0.747IHLC4

0.817IHLC5

0.632IHLC6

0.7830.915Performance expectancy

0.853PE1

0.920PE2

0.880PE3

0.7890.937Effort expectancy

0.875EE1

0.890EE2

0.926EE3

0.861EE4

0.8740.954Social influence

0.919SI1

0.945SI2

0.940SI3

0.7320.891Behavioral intention

0.785BI1

0.898BI2

0.880BI3

aCR: composite reliability.
bAVE: average variance extracted.

Lastly, discriminant validity was determined using the
heterotrait-monotrait (HTMT) ratio of correlation as
recommended by Henseler et al [81] because it is more suitable
for discriminant validity assessment compared with the
Fornell-Larcker criterion and cross-loading assessment. In order

to achieve discriminant validity, Henseler et al suggested that
a threshold value of 0.90 or below is required [81]. As shown
in Table 3, all the study variables met the criterion to establish
discriminant validity where the HTMT values were below 0.90.

Table 3. Discriminant validity using the heterotrait-monotrait (HTMT) ratio.

Behavioral intentionSocial influenceEffort expectancyPerformance expectancyInternal health locus
of control

Construct

0.2130.2120.3730.390N/AaInternal health locus of control

0.7450.6870.886N/A0.390Performance expectancy

0.6780.636N/A0.8860.373Effort expectancy

0.682N/A0.6360.6870.212Social influence

N/A0.6820.6780.7450.213Behavioral intention

aN/A: not applicable.
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Structural Model
Multicollinearity is assessed using the variance inflation factor
(VIF). In this study, all VIF values were below 5, which
indicated no violation of the multicollinearity assumption. The

structural model was assessed using R2, beta, and t value, which
were obtained via a 5000 resampling of the bootstrapping
procedure. The direct, total indirect, and specific indirect effects
are shown in Table 4.

Table 4. Direct, total indirect, and specific indirect effects.

P valuet valueBetaR 2Path

Direct effects

0.472Behavioral intention

.320.999−0.039Internal health locus of control → behavioral intention

<.0014.8590.316Performance expectancy → behavioral intention

.0082.6720.169Effort expectancy → behavioral intention

<.0015.7150.307Social influence → behavioral intention

0.109Performance expectancy

<.0016.5220.330Internal health locus of control → performance expectancy

0.109Effort expectancy

<.0017.0200.329Internal health locus of control → effort expectancy

0.034Social influence

<.0013.6210.186Internal health locus of control → social influence

Total indirect effects

0.472Behavior

<.0015.5540.217Internal health locus of control → behavior through performance expectancy, effort
expectancy, and social influence

Specific indirect effects

<.0013.8130.104Internal health locus of control → performance expectancy → behavioral intention

.022.3890.056Internal health locus of control → effort expectancy → behavioral intention

.0023.1230.057Internal health locus of control → social influence → behavioral intention

Based on the structural model, hypothesis 1 was not supported
because internal HLOC (β=−0.039, P=.32) was not significantly
related to the intention to use mHealth. Performance expectancy
(β=0.316, P<.001), effort expectancy (β=0.169, P=.008), and
social influence (β=0.307, P<.001) had a significant and positive
relationship with the intention to use mHealth, which supported
hypotheses 2, 3, and 4 (Figure 1). Hypotheses 5, 6, and 7 were
also supported where results showed that internal HLOC had a
significant positive relationship with performance expectancy
(β=0.330, P<.001), effort expectancy (β=0.329, P<.001), and
social influence (β=0.186, P<.001).

Overall, the results supported the model of this study where the
total indirect effect was significant (β=0.217, P<.001). All the

study variables explained 47.2% of the variance in the intention
to use mHealth. Three specific indirect paths were generated to
test hypotheses 8 to 10. Hypothesis 8 was developed to test the
mediating effect of performance expectancy on the relationship
between internal HLOC and the intention to adopt mHealth.
The results showed that the direct effect of internal HLOC on
performance expectancy and the direct effect of performance
expectancy on the intention to use mHealth were significant,
while the direct effect of internal HLOC on the intention to use
mHealth was not significant. This indicated that performance
expectancy fully mediated the relationship between internal
HLOC and the intention to use mHealth with a significant
indirect effect (β=0.104, P<.001), supporting hypothesis 8
(Figure 1).
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Figure 1. Path coefficients of the structural research model. mHealth: mobile health; ns: not significant. *P<.01, **P<.001.

For hypothesis 9, effort expectancy as the mediator for the
relationship between internal HLOC and the intention to adopt
mHealth was tested. The direct effect from internal HLOC to
effort expectancy and the direct effect from effort expectancy
to the intention to use mHealth were significant, but the direct
effect from internal HLOC to the intention of adopting mHealth
was not significant. This indicated that effort expectancy fully
mediated the relationship between internal HLOC and the
intention to use mHealth (β=0.056, P=.02). Thus, hypothesis 9
was supported (Figure 1).

In Figure 1, the results showed support for hypothesis 10, where
social influence significantly mediated the relationship between
internal HLOC and the intention to use mHealth. The significant
indirect effect (β=0.057, P=.002) revealed that internal HLOC
impacted social influence, and social influence in turn affected
the intention to use mHealth. Based on the findings of the
mediation tests, it can be seen that the mediating effect of
performance expectancy on the relationship between internal
HLOC and the intention to use mHealth was the strongest,
followed by social influence and effort expectancy.

Discussion

Previous studies have demonstrated the role of LOC in the
tendency to use technology [39-42,55]. Since research on
mHealth behavior is limited and little is known about how LOC
could influence the intention to adopt mHealth technology, this
study aimed to find out the factors that could explain users’
behavioral intent in mHealth technology. Drawing upon 3
constructs of the UTAUT, this study attempted to provide
insights on how internal HLOC delineates the intention to adopt
mHealth.

In this study, internal HLOC was not found to be significantly
related to the intention to use mHealth (hypothesis 1). This
result is inconsistent with previous research providing evidence
that individuals with internal LOC beliefs tend to utilize health
apps [23]. Some studies showed a negligible relationship
between HLOC and health behaviors [22,82,83], thus leading
to inconsistent findings about the significance of HLOC in

driving health behaviors. Calnan [84] suggested that health
behaviors may not be associated with beliefs regarding control
of health but rather with concerns over risky health behaviors.
The absence of a relationship between internal HLOC and
behavioral intent to adopt mHealth could also be attributed to
potential confounding factors, such as health literacy, that could
influence HLOC, which in turn affects the intention to use
mHealth. Health literacy was found to be an effective factor in
predicting internal orientations [85]. Individuals with higher
levels of health literacy are more likely to report higher scores
of internal HLOC than those with lower levels of health literacy
because their capacities to obtain, process, and understand health
information and services in order to make appropriate health
decisions are positively associated with their belief that they
have control over their health and health behaviors [86]. Another
possible confounding factor that may affect internal HLOC is
the participants’ economic status. Research has found that
individuals with lower socioeconomic status engaged in fewer
health-promoting behaviors and had different expectations about
their ability to influence their own health [87]. People living in
economically deprived circumstances may, as a result of their
experiences, also learn that they have less control over their
own lives and health status [88].

The UTAUT constructs, namely performance expectancy, effort
expectancy, and social influence, were found to be significant
predictors, with a positive relationship for the intention to use
mHealth (hypotheses 2, 3, and 4), lending support to past studies
that consistently showed the association between UTAUT
determinants and eHealth and mHealth adoption [12,52,56,57].
All these findings unfailingly corroborate the UTAUT model,
where if users perceive mHealth as useful, easy to use, and
accepted as well as suggested by important others, they will be
more likely to adopt the technology. Among these 3 constructs,
performance expectancy and effort expectancy have equal
contributory impact on mHealth adoption, followed by social
influence. These results are consistent with the findings in the
study by Tavares and Oliveira [57]. They found that
performance expectancy and effort expectancy predict the same
variance in the use of online services such as electronic health
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record portals. It suggests that usefulness and ease of use are
equally central for users when evaluating mHealth services [57].
Besides, the power of important others should not be neglected
in technology adoption behavior. Research has found that social
influence is an essential source of motivation to utilize hospital
electronic information management systems [56]. In contrast,
normative pressure was found to be an insignificant force to
patient portal use behavior among the elderly [89]. These
contradicting results can lead us to an inference that social
influence is more likely to be a driving force for technology
adoption behavior among young individuals rather than older
people because “older people do not follow the bandwagon
effect” [90].

To further explore whether internal HLOC can be suitably
applied in the UTAUT model, the relationships between internal
HLOC and 3 constructs of the UTAUT (ie, performance
expectancy, effort expectancy, and social influence) in the
mHealth context were postulated in this study (hypotheses 5,
6, and 7). The results showed that internal HLOC had a
significant positive effect on performance expectancy, effort
expectancy, and social influence in mHealth use, which suggests
that the more internal the users are, the higher the perceived
usefulness and ease of use they will have and the more likely
they will conform to important others. These results are in line
with the findings of previous studies that showed the significant
influence of LOC on perceived usefulness and ease of use for
mobile learning adoption [40,41]. In addition, Fong et al [55]
found that internals are characterized by high self-efficacy, a
trait that helps individuals to overcome difficulties. Hence, they
perceive higher ease of use for new technology products
compared with externals [72]. As opposed to the negative
association hypothesized between internal HLOC and social
influence, this study found a positive relationship between these
2 constructs. This could be due to the individual differences in
tendencies to conform for informational reasons but not for
normative reasons [73].

In testing the mediating role of performance expectancy, effort
expectancy, and social influence, this study found that these 3
constructs fully mediated the relationship between internal
HLOC and the intention to use mHealth, supporting hypotheses
8, 9, and 10. Internal HLOC was positively related to the
intention to adopt mHealth through performance expectancy.
Effort expectancy had a mediating effect on the relationship
between internal HLOC and the intention to use mHealth
(hypothesis 9), similar to the results found in previous research
[55]. Individuals with internal HLOC are more likely to
overcome difficulties in using new technology products. They
prefer to adopt mHealth because it is easy to use. Moreover,
social influence was found to significantly mediate the
relationship between internal HLOC and the intention to use
mHealth (hypothesis 10). Internals use mHealth partly because
of the perception that important others may suggest to employ
mHealth. Individuals’ beliefs in their own efforts and abilities
to control their health drive perceptions toward mHealth, which
in turn contribute to mHealth adoption. UTAUT dimensions

are central to our understanding of the association between
internal HLOC and the intention to adopt mHealth. The
mediation results of this study are consistent with the findings
in the study by Ahadzadeh et al [20]. The authors found the
centrality of perceived usefulness and perceived ease of use in
the relationship between health factors and internet use for
health-related purposes. A strong mediating effect of health app
use efficacy was also identified in the effect of health
information orientation and eHealth literacy on health app use
[91].

The findings of this study have several implications.
Theoretically, this study has contributed to mHealth literature
by investigating the direct and indirect relationships between
internal HLOC and the intention to use mHealth. The indirect
relationship provided a more multifaceted understanding of
mHealth adoption behavior, where both health and technology
come into play in the adoption decision process. Moreover, the
results attested the robustness of the UTAUT in mHealth
adoption. To the best of our knowledge, this study is the first
attempt to examine the indirect effect of internal HLOC on the
behavioral intent of mHealth. The results of the effect of
UTAUT dimensions on the intention to adopt mHealth have
significant implications for health providers seeking methods
to enhance mHealth engagement behavior. They can leverage
cognitive and normative factors related to technology (ie,
performance expectancy, effort expectancy, and social influence)
to increase individuals’ preferences to use mHealth for health
purposes.

The limitations of this study can be attributed to the urban
sample concentrated in the most developed part of Malaysia.
A more representative sample should be considered in future
studies. Nonprobability sampling methods (ie, convenience and
snowball) employed for the sample selection and the unbalanced
gender makeup of the sample can jeopardize the generalizability
of the results. The cross-sectional design used in this research
does not provide definite information about cause and effect
relationships. Moreover, social desirability bias can be a problem
with self-report measurements used in this study. The framework
proposed in this study predicted 42.7% of the variance in
mHealth, while a more extended model encompassing more
cognitive factors can augment the prediction power of the model.
Given the absence of a significant association between internal
HLOC and the intent to use mHealth in this research, replication
studies are suggested, which can include a broader framework
of multiple health-related factors (such as perceived health
susceptibility, perceived health severity, perceived health status,
and health consciousness) and personality factors in order to
advance the frontier of knowledge regarding HLOC and
technology adoption, since technology will become even more
important in the future with “Industrial Revolution 4.0.”
Moreover, incorporating perceived health risk factors along
with HLOC will enable researchers to determine whether
mHealth is a proactive/preventive health behavior, a reactive
behavior, or both.
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Abstract

Background: Goal-oriented care is being adopted to deliver person-centered primary care to older adults with multimorbidity
and complex care needs. Although this model holds promise, its implementation remains a challenge. Digital health solutions
may enable processes to improve adoption; however, they require evaluation to determine feasibility and impact.

Objective: This study aims to evaluate the implementation and effectiveness of the electronic Patient-Reported Outcome (ePRO)
mobile app and portal system, designed to enable goal-oriented care delivery in interprofessional primary care practices. The
research questions driving this study are as follows: Does ePRO improve quality of life and self-management in older adults with
complex needs? What mechanisms are likely driving observed outcomes?

Methods: A multimethod, pragmatic randomized controlled trial using a stepped-wedge design and ethnographic case studies
was conducted over a 15-month period in 6 comprehensive primary care practices across Ontario with a target enrollment of 176
patients. The 6 practices were randomized into either early (3-month control period; 12-month intervention) or late (6-month
control period; 9-month intervention) groups. The primary outcome measure of interest was the Assessment of Quality of Life-4D
(AQoL-4D). Data were collected at baseline and at 3 monthly intervals for the duration of the trial. Ethnographic data included
observations and interviews with patients and providers at the midpoint and end of the intervention. Outcome data were analyzed
using linear models conducted at the individual level, accounting for cluster effects at the practice level, and ethnographic data
were analyzed using qualitative description and framework analysis methods.

Results: Recruitment challenges resulted in fewer sites and participants than expected; of the 176 target, only 142 (80.6%)
patients were identified as eligible to participate because of lower-than-expected provider participation and fewer-than-expected

J Med Internet Res 2021 | vol. 23 | iss. 12 | e29071 | p.1260https://www.jmir.org/2021/12/e29071
(page number not for citation purposes)

Steele Gray et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:Carolyn.SteeleGray@sinaihealth.ca
http://www.w3.org/Style/XSL
http://www.renderx.com/


patients willing to participate or perceived as ready to engage in goal-setting. Of the 142 patients approached, 45 (32%) participated.
Patients set a variety of goals related to self-management, mental health, social health, and overall well-being. Owing to
underpowering, the impact of ePRO on quality of life could not be definitively assessed; however, the intervention group, ePRO
plus usual care (mean 15.28, SD 18.60) demonstrated a nonsignificant decrease in quality of life (t24=−1.20; P=.24) when compared
with usual care only (mean 21.76, SD 2.17). The ethnographic data reveal a complex implementation process in which the
meaningfulness (or coherence) of the technology to individuals’ lives and work acted as a key driver of adoption and tool appraisal.

Conclusions: This trial experienced many unexpected and significant implementation challenges related to recruitment and
engagement. Future studies could be improved through better alignment of the research methods and intervention to the complex
and diverse clinical settings, dynamic goal-oriented care process, and readiness of provider and patient participants.

Trial Registration: ClinicalTrials.gov NCT02917954; https://clinicaltrials.gov/ct2/show/NCT02917954

(J Med Internet Res 2021;23(12):e29071)   doi:10.2196/29071

KEYWORDS

older adults; goal-oriented care; quality of life; self-management; primary care; eHealth; pragmatic trial; mobile phone

Introduction

Background
The rising population of older adults with multimorbidity and
complex care needs requires that health systems adjust to meet
this new demand [1,2]. Complex care needs of patients go
beyond multimorbidity alone, as these individuals will
experience biopsychosocial challenges and barriers that make
it more difficult for them to manage their multiple chronic
physical and mental illnesses [3,4]. Increasingly, digital health
solutions are being adopted to support this patient population
through tools that enable medication management [5],
information sharing [6], care planning [7], chronic disease
management and monitoring [8,9], and virtual care tools,
particularly since the onset of the COVID-19 pandemic [10].
Of particular use to older adults with complex care needs are
solutions that enable person-centered and holistic care delivery
to better address their multiple health and social care needs
[3,11-17]. Although a person-centered approach has been
identified as a priority [16], organizations and providers continue
to struggle with how to put the vision of person-centered care
into practice [18].

Person-centered care may be operationalized by adopting a
goal-oriented care (GOC) approach that involves eliciting
patient-identified goals to drive care planning and
decision-making [13,14,19,20]. Effectively, this model of care
shifts from asking a patient “What is the matter with you?” to
“What matters to you?” [21] From a patient perspective, GOC
represents a more meaningful and holistic approach to care and
decision-making [22]. Emerging studies of GOC report reduced
treatment burden for patients with multiple chronic conditions
[23] and reductions in acute inpatient days and mortality [24].
The pragmatic trial of the Health TAPESTRY program, a
digitally enabled, community-based GOC program, evaluated
the program’s impact on goal attainment, self-efficacy, quality
of life, optimal aging, social support, empowerment, physical
activity, falls, and access. The Health TAPESTRY trial
demonstrated a shift from reactive to proactive care [25];
however, similar to many other studies of person-centered care

[26,27], Health TAPESTRY did not demonstrate an impact on
patient outcomes.

Among the challenges in evaluating an approach such as GOC,
in particular a digitally enabled GOC model, is that it is a
complex intervention that is delivered to a complex patient
population within a complex system. Conventional methods,
such as randomized controlled trials, that apply rigid methods
and rely on assumptions of linear cause-effect perspectives [28]
may result in controlling for the variables that we need to
capture [29]. Greenhalgh and Papoutsi [28] instead suggest
methods that adopt a systems mindset that allows for
adaptability, iteration, and design-thinking better suited to
capturing “changing interrelationships between parts of the
system.” The evaluation presented in this paper adopts this
systems mindset to evaluate the electronic Patient-Reported
Outcome (ePRO) tool, a novel mobile device and a linked portal
system that enables GOC delivery to older adults with complex
care needs receiving care in interdisciplinary primary care
practices. This evaluation is the latest iteration of a multiphase
developmental evaluation of ePRO that took place in Ontario,
Canada, from April 2018 to June 2019.

Objective and Research Questions
This developmental evaluation incorporates a pragmatic,
stepped-wedge, cluster trial with embedded ethnographic case
studies, building on previous stages of design, development,
and testing [30-33] (see Figure 1 for a visual representation of
how this work builds on previous stages). This study expands
the findings from our exploratory trial [33] as a means to engage
in what Tsoukas terms “conjunctive theorizing to generate rich
pictures of complex phenomena by drawing together different
kinds of data from multiple sources” [34]. This work was guided
by the following research questions:

1. Does ePRO improve quality of life and self-management
in older adults with complex needs?

2. What mechanisms are likely driving observed outcomes?

Regarding the first research question, it is hypothesized that the
ePRO tool will have a positive impact on quality of life and
patients’ ability to self-manage.
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Figure 1. electronic Patient-Reported Outcome (ePRO) co-design steps.

Methods

Design
Aligned with Medical Research Council guidelines for
evaluating complex interventions [35], a developmental
evaluation approach was applied to collect outcome, process,
and context measures to support decision-making and
technology modifications [36]. A pragmatic, stepped-wedge,
cluster randomized trial design was used to assess the
effectiveness of the ePRO tool [37]. The Pragmatic Explanatory
Continuum Indicator Summary (PRECIS-2) wheel in Figure 2

(see Multimedia Appendix 1 for description of the wheel
domains as related to this trial) describes the degree to which
the trial represents a pragmatic design. This design was the most
feasible and appropriate approach given the nature of the
intervention, time, and resources available [38] and the desire
to complete in a real-world setting [39]. An embedded
ethnographic case study was included, aligned with the methods
outlined by Greenhalgh and Swinglehurt [40] for evaluating
complex technological innovations. The case studies offer rich
contextual and process information that accounts for complex
interrelationships between variables that are missed by looking
at outcome data alone.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e29071 | p.1262https://www.jmir.org/2021/12/e29071
(page number not for citation purposes)

Steele Gray et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. PRECIS-2 (Pragmatic Explanatory Continuum Indicator Summary) Wheel for electronic Patient-Reported Outcome (ePRO) trial.

The trial was conducted in 6 comprehensive primary care
practices called Family Health Teams (FHTs) across Ontario,
Canada, over a 15-month period. Following the stepped-wedge
design, all FHT sites started in the control period where all
recruited patients received usual care (no change to their care
delivery from the primary care team). A random number
generator assigned sites to either the early intervention (n=3

sites) or late intervention (n=3 sites) groups. The early
intervention group (group 1) was assigned to the intervention
for 12 months after the initial 3-month control period. The FHTs
in group 2 were switched to the intervention group for 9 months
after a 6-month control period. Figure 3 shows a diagram of the
stepped-wedge design.

Figure 3. Stepped-wedge design for electronic Patient-Reported Outcome (ePRO) evaluation.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e29071 | p.1263https://www.jmir.org/2021/12/e29071
(page number not for citation purposes)

Steele Gray et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Intervention: The ePRO Tool
The ePRO tool was developed via multiphase user-centered
co-design methods and represents an important divergence from
many available systems that are focused on a single disease or
are built to enhance existing provider-led models of care. The
tool is designed to encourage a shift in the care process toward
a person-centered model by enabling the full GOC process,
including goal elicitation, ongoing monitoring, and goal
modification [41]. Consistent with co-design methods, the tool
was iteratively developed with input from patients with complex
care needs, caregivers, and a multidisciplinary primary care
team [30,31]. The tool has undergone usability testing [32] and
an exploratory trial [33]. Findings from these studies were used
to update and adapt the tool to user needs and different primary
care settings. At the time of the trial, the ePRO tool did not
connect to other existing technology systems, such as electronic
medical records (EMRs) or other available platforms; however,
the system was built so interoperability would be possible (see
Multimedia Appendix 2 for wireframes).

Population and Setting
A 2-stage sampling strategy was implemented, first recruiting
FHTs, followed by complex patients within each FHT. FHTs
in Ontario are similar to Patient-Centered Medical Homes in
the United States in that they both seek to provide
comprehensive primary care services through a physician-led

multidisciplinary team [42]. Working in collaboration with the
project’s decision-making partner, the Association of Family
Health Teams of Ontario (AFHTO; representing all 184 FHTs
in Ontario), a multipronged FHT recruitment strategy was
pursued, including (1) email invitations sent to AFHTO member
sites, (2) a webinar session with AFHTO quality improvement
specialists who could identify eligible sites, and (3) an
information booth at the annual AFHTO conference (October
2016 in Toronto, Ontario) where study information was shared
with delegates. From these avenues, 29 sites expressed interest
to be assessed for eligibility, with 6 FHTs agreeing to participate
(see the Figure 4 CONSORT flow diagram of site recruitment).
As FHTs are geographically diverse, there is no chance of
cross-contamination of providers across different sites. The
characteristics of the participating sites, as compared with FHTs
across Ontario, are summarized in Table 1, and the population
densities of the regions are depicted in Figure 5. As can be seen
in Figure 5, sites A and F were in rural settings, sites D and E
were in urban settings, and sites B and C were medium urban
as consistent with Statistics Canada definitions of rurality [43].
Approximately 36% (59/165) of FHTs are located in rural
settings.

Providers eligible to participate in the study had to be provided
care to patients rostered at the FHT. Providers can be employed
full-time, part-time, or casual.

Figure 4. CONSORT (Consolidated Standard of Reporting Trials) flow diagram–Family Health Team (FHT) recruitment.
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Figure 5. Population density across the regions (persons per square km). Source: Statistics Canada 2016 Census [43].

Table 1. Family Health Team characteristicsa.

Ontario FHTsb,
mean (SD)

Group 2Group 1Characteristics

Site FSite CSite BSite ESite DSite A

Nn (%)Nn (%)Nn (%)Nn (%)Nn (%)Nn (%)

Number of providers enrolled in the ePROc study

N/Ad137 (54)122 (17)171 (6)226 (27)184 (22)139 (69)Total number of
providers

13.53 (17.72)f86 (75)92 (22)111 (19)141 (17)121 (18)40 (0)GPse

2.65 (3.04)—h1 (0)20 (0)40 (0)64 (67)31 (33)88
(100)

NPsg

1.19 (1.63)00 (0)10 (0)10 (0)11
(100)

22
(100)

11
(100)

RDi

0.63 (0.99)00 (0)10 (0)10 (0)10 (0)10 (0)00 (0)Pharmacist

aSite names were assigned based on the timing of recruitment. Ontario FHT data available from 165 FHT sites.
bFHT: Family Health Team.
cePRO: electronic Patient-Reported Outcome.
dN/A: not applicable.
eeGPs: general practitioners.
fInformation available from 165 FHTs across Ontario.
gNP: nurse practitioner.
hNot available.
iRD: registered dietitian.

Patient Recruitment and Eligibility Criteria
Patient recruitment followed exploratory trial procedures, using
practice EMRs to identify patients aged ≥60 years with ≥10
visits to the FHT within the previous 12 months. This number
of visits has been identified as an indicator of complexity in
previous studies [44] and guided the recruitment strategy for
the exploratory trial [33]. Age 60 years was chosen as a cut-off

over 65 years as the study’s site leads and primary care
knowledge user partners identified that many individuals,
particularly those living in rural settings, experience complex
care needs at an earlier age. EMR-generated patient lists were
given to providers to assess whether these individuals met the
additional eligibility criteria: (1) perceived willingness to engage
in GOC conversations, (2) ability to use a smartphone or tablet
in English or have a caregiver who could do this on their behalf,
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(3) capable of providing consent to participate, (4) willing to
complete surveys every 3 months thereafter until the trial
concluded. Previous studies have identified that the provider
knowledge of the patient is often necessary to identify
complexity given the high degree of patient variability [38].

Posters describing the study were hung in waiting rooms at sites,
and the study was presented at chronic disease management
programs that targeted patients with chronic disease and
complex care needs for patient self-identification. Some patients
self-identified as eligible after presentations at the programs,
but none came to the study via posters. Recruitment materials
and processes were built on what was learned from the
exploratory trial and were reviewed and modified by the
project’s patient partner. Recruitment occurred during a
scheduled office visit or by phone by a research coordinator
assigned to that site. Patient and provider consent was obtained
before randomization.

The minimum sample size required for the recruitment of sites
and patients was determined using closed-form analytic formulas
with a power of 80% based on a minimal clinically important
difference of our core measure of quality of life (the AQoL-4D)
of 0.06 [45], an expected SD in assessment of quality of life
(AQoL) of 0.22 [46], an expected intraclass correlation
coefficient (ICC) of 0.01 (calculated based on total primary care
use over a 1-year period among a 10% sample of the Ontario
population, which served here as a proxy measure for patient
outcomes), and an expected attrition rate of 10% (rated based
on previous studies in similar population groups using similar
technology [47]). A minimum sample size of 176 patients was
calculated, with a target of recruiting 29 patients per site.

Technology Training
Providers and patients were trained on the tool before switching
from the control to the intervention during an onboarding
session. Training for providers was done at the clinic level,
where groups of providers were presented the technology by a
research team member who walked through the technology by
setting up goals for a mock patient. Patients were trained
one-on-one with a research team member on how to use the
mobile device and platform just before their onboarding visit
with the provider. Providers and patients were also provided
with user manuals [48] and contact information for the research
team for technology support.

Data Collection
Context, process, and outcome data were collected via
patient-reported surveys, interviews, ethnographic observations,
and chart audits. Survey and chart audit data were collected
across all 6 sites, whereas qualitative data were collected at the
3 case sites (sites A, E, and F). In total, 4 of 6 agreed to
participate as case sites, and 1 dropped out as a case site because
of low patient recruitment.

Patient-Reported Surveys
The primary outcome for this study was health-related quality
of life measured using the Assessment of Quality of Life–4
Dimensions (AQoL-4D) [49]. The AQoL-4D is a 12-item
questionnaire that addresses the activities of daily living, mental

health, relationships with others, and physical aspects of a
patient’s quality of life. AQoL-4D responses were aggregated
to generate a raw, continuous score with higher scores indicating
a greater quality of life. The secondary outcome,
self-management, was measured using the 13-item Patient
Activation Measure (PAM), which measures the extent to which
a patient is activated in their own care [50]. PAM is considered
a valid and reliable metric of patient self-management for older
adults with multimorbidity [50-52]. PAM generates a score
from 0 to 100, with higher scores indicating greater activation
(patients are better able to manage their care) [53]. Outcome
data were collected at baseline and every subsequent 3 months
until the end of the trial. For 3 patients in group 2 who were
enrolled in the study late, outcome data were collected between
October 2018 and June 2019 (Multimedia Appendix 3).

Patient and provider demographic information were collected
at baseline. A chart review was conducted posttrial to collect
missing data in the patient demographic forms, particularly the
number of types of chronic conditions and medications.

Interviews
Semistructured interviews were conducted with patients,
providers, and managers at case sites at the midpoint (6 months
for sites A and E and 4.5 months for site F) and end of the trial.
Interviews were conducted by research team members trained
in qualitative data collection, with initial interviews conducted
in pairs to ensure consistency in the approach. The interview
guide was developed to capture the experiences of patients,
providers, and managers using the tool or engaged with the trial.
Probes were used to delve into implementation factors found
to be important to the intervention in the exploratory trial, for
example, patient-provider relationships and team environment
[33] (Multimedia Appendix 4). Interviews were conducted in
person (with one follow-up midpoint interview conducted over
the phone), lasted between 20 and 60 minutes, and were
audio-recorded and transcribed verbatim.

Ethnographic Observation
Ethnographic observations of case sites occurred at multiple
points throughout the study, mainly when conducting other
activities such as training, patient onboarding, and interviews.
At these points, a member of the research team would observe
the clinic visits between the patient and provider. Providers
were also encouraged to inform the team when patients were
coming in for visits so that additional ad hoc observations could
be conducted; however, no such invitations occurred. Field
memos were taken during and immediately after the observation
periods. Field note guides helped research staff attend to
contexts and processes anticipated to be relevant based on
findings from the exploratory trial. Observations were conducted
by research coordinators who had graduate training in qualitative
health services methods or were provided training by the project
lead in the approach. For coordinators, newer to the method
observation debriefs and field memo reviews were conducted
by the lead to provide ongoing training and skill building.

Use Logs
Use logs from the ePRO tool were used to track tool use and
the types of goals set by the participants. Goals were categorized
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into types using qualitative content analysis. Tool use was
determined by the number of interactions defined as any log-in
or data entered into the system; participants completing one
interaction in a given month were considered active that month.
The total number of active participants was calculated monthly
to categorize participants into long-term (using the app for 3 or
more months), short-term (using the app for <3 months), or
nonuser (participants who did not use the app after initial
onboarding) groups. The 3-month cut-off was consistent with
previous mobile health (mHealth) clinical trials [54]. Use
categories helped to interpret the qualitative and quantitative
findings.

Data Analyses

Statistical Analysis
Descriptive statistics were calculated for the cohort stratified
by groups of FHTs using counts and mean (SD) values for
categorical and continuous variables, respectively. To estimate
the degree to which the ePRO tool plus usual care affects
health-related quality of life and self-management relative to
usual care alone, linear models were fitted with exposure
identified by a fixed-effect ordinal variable of calendar time
(accounting for staggered implementation) and adjusting for
clustering at the FHT site level [55]. The primary effect
estimates are summarized as the mean differences for continuous
outcomes. Each comparison was evaluated using a 2-sided test
at a nominal significance level of  =.05. Statistical analyses of
outcome data were performed using the intention-to-treat
principle. All descriptive analyses and multilevel modeling were
completed using Stata 15.1 statistical software (StataCorp LLC).
Owing to the size of the data set, mixed effects models that
included covariates such as age, sex, income level, rurality,
chronic disease management, and number of chronic conditions
could not be included in the modeling.

While missingness in cluster randomized trials in primary care
can be handled via multiple imputation methods, using any such
imputation to estimate the absence of data points in the cohort
was deemed inappropriate owing to the high degree of
missingness [56,57]. Aligned with the intention-to-treat
approach, individuals were not excluded from the analysis based
on their nonresponses to the survey; only variables were
excluded, not individuals.

Interview and Observation Data
Interview and observational data were used to address the second
research question and were analyzed using inductive qualitative
descriptive [58] and narrative descriptive methods [59], with
separate analyses conducted for patient and provider interviews.
Manager interviews were coded with provider data as they were
asked similar questions and addressed many of the same
implementation constructs. Consistent with this method, codes
that described the dominant themes within participant groups
were identified. The coding was conducted by researcher pairs
trained using qualitative methods to support the validation.
Observational memos were coded with patient interviews and
were also reviewed as part of the analytic process to provide
context information where appropriate to guide interpretation.
All team members involved in qualitative data collection and

analysis were trained to attend to reflexivity in their approach
and all kept fulsome analytic memos to track their own
positionality with regard to the qualitative analysis.

To support directed analysis for the purposes of this evaluation,
a deductive approach was used to map descriptive codes to
Normalization Process Theory (NPT) [60] to understand
implementation mechanisms. Exploratory trial findings suggest
that NPT is a likely theory of change that underpins this
intervention [33]. NPT suggests that new processes become
embedded as part of actors’ routines through the social
production of work, enabled through 4 generative mechanisms:
coherence, cognitive participation, collective action, and
reflexive monitoring (Multimedia Appendix 5 offers descriptions
of the concepts). These 4 NPT constructs were applied to
descriptively coded patient, provider, and manager interviews
and observational data, and cross-referenced with patient user
groups (long, short, and non) and case site characteristics to
generate insights regarding factors that drove implementation
and outcomes. Data coded to relevant themes were extracted
and organized using tables using a framework analysis approach
[61] to identify patterns and trends. The research team reviewed
the tables as part of the qualitative validation (supporting
credibility and trustworthiness). NVivo 11 software (QSR
International, version 11, 2015) was used to manage data in the
initial coding phase, and Microsoft Excel and Word files were
used to organize data for the framework analysis.

Integrating Quantitative and Qualitative Data
Integration of quantitative and qualitative data sets followed a
convergent design that involves collecting all sources of data
concurrently, separately analyzing data, and then comparing
results through interpretation and discussion of findings [62,63].

Ethics
Research ethics approval was granted by the University of
Toronto’s Health Sciences Research Ethics Board (#33944) and
the ethics committees of all participating practices.

Results

Participant Recruitment
Although the study design target was 176 patients, only 142
(80.6%) were identified as eligible and approached. Of the 142
approached, 46 (32.4%) consented to participate. One participant
withdrew before any data collection, leaving 45 (31.6%)
participants. This relatively low acceptance rate is an additional
challenge. Patient-reported reasons for not participating included
perceiving that they did not have complex or chronic conditions,
lack of time, perceived conflicts with other life responsibilities
(eg, planned vacations and travel), feeling as though they did
not have a goal to work on, or were uninterested in this research.
In total, 7% (3/45) patients dropped out of the study (1) because
of a decline in health condition, making it difficult to participate,
and (2) because of loss of interest in participating. Figure 6
shows the CONSORT flow diagram depicting patient
recruitment. Figure 7 offers a summary of the number of patient
and provider participants per site.
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Figure 6. CONSORT (Consolidated Standard of Reporting Trials) flow diagram of patient recruitment arranged by group.

Figure 7. Number of providers and patients participating at each site.

Participant Characteristics and Goals Set
Patient demographics are summarized in Table 2 and presented
by randomized groups to allow for between-group comparisons.
There was a statistically significant difference in the rurality
and socioeconomic status between the groups.

Patients set a variety of goals related to self-management, mental
health, social health, and overall well-being and self-care
(Multimedia Appendix 6). Patient-provider pairs varied in terms
of the degree of specificity of the goals they set, ranging from
highly specific goals (eg, walking 20 minutes 3 times per week
or losing 10 pounds) to more general goals (eg, reducing meat
consumption or getting more sleep).
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Table 2. Baseline characteristics of the cohort of Family Health Team patients with complex chronic diseases and disabilities (n=44)a.

P valueGroup 2 (site B, site C, and site F;
n=21)

Group 1 (site A, site D, and site E;
n=23)

Characteristics

.0871.98 (6.20)68.65 (7.10)Age (years), mean (SD)

.07Sex, n (%)

7 (33.33)15 (65.22)Female

14 (66.67)8 (34.78)Male

.08Place of residence, n (%)

14 (66.67)9 (39.13)Urban

7 (33.33)14 (60.87)Rural

.36Living alone, n (%)

6 (28.57)10 (43.48)Yes

15 (71.43)13 (56.52)No

.17Born in Canada, n (%)

13 (61.90)19 (82.62)Yes

8 (38.10)4 (17.39)No

.04Family income [CAD $ (US $)]b, n (%)

1 (4.76)7 (30.43)0-29,000 (0-24,199)

5 (23.81)7 (30.43)30,000-59,000 (24,200-48,398)

8 (38.10)2 (8.70)60,000-89,000 (48,399-72,598)

7 (33.33)7 (30.43)>90,000 (>72,599)

.02Educationc, n (%)

1 (4.76)4 (17.39)Less than high school

1 (4.76)4 (17.39)High school

4 (19.05)9 (39.13)Some college or university

15 (71.43)6 (26.09)University (undergraduate or graduate)

.43Ethnicity, n (%)

1 (4.76)0 (0.00)East Asian

0 (0.00)1 (4.35)South Asian

1 (4.76)0 (0.00)Metis

17 (80.95)21 (91.30)White (North American or European)

2 (9.52)1 (4.35)Mixed heritage

>.99Chronic disease management program, n (%)

2 (9.52)6 (26.09)Yes

1 (5.00)1 (4.40)No

18 (85.71)16 (69.57)Missing

<.0013.20 (2.00)4.21 (2.00)Total number of chronic conditions, mean (SD)

Chronic conditions diagnoses, n (%)

—d2 (9.52)7 (30.43)Arthritis

—3 (14.30)5 (21.74)Asthma

—2 (9.52)1 (4.40)Atrial fibrillation

—3 (14.30)8 (35.00)Cancer

—2 (9.52)10 (44.00)Chronic obstructive pulmonary disease
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P valueGroup 2 (site B, site C, and site F;
n=21)

Group 1 (site A, site D, and site E;
n=23)

Characteristics

—0 (0.00)0 (0.00)Congestive heart failure

—3 (14.30)10 (44.00)Diabetes

—6 (29.00)0 (0.00)Enlarged prostate

—0 (0.00)1 (4.40)Epilepsy

—0 (0.00)1 (4.40)Gastroparesis

—4 (19.04)13 (56.52)Hypercholesterolemia

—8 (38.10)15 (65.22)Hypertension

—0 (0.00)3 (13.04)Hypothyroidism

—2 (9.52)0 (0.00)Ischemic heart disease

—1 (5.00)2 (9.00)Kidney failure

—0 (0.00)1 (4.40)Macular degeneration

—0 (0.00)1 (4.40)Mental health conditions

—6 (29.00)6 (26.10)Pain

—3 (14.30)2 (9.00)Sleep apnea

—3 (14.30)4 (17.40)Stroke

—0 (0.00)0 (0.00)Urinary retention

—6 (29.00)5 (21.74)Othere

aBalance in the distribution of covariates between group 1 and 2 family health team sites was assessed using the Kruskal Wallis and Fisher exact test.
Percentages may not be equal to 100% because of rounding.
bFamily income before taxes in CAD $. US $1=CAD $1.3.
cUniversity indicates individual has either completed a degree or is currently an undergraduate or graduate student.
dMissing data not applicable as there were not enough data per individual chronic illness to generate a meaningful P value.
eMood disorders (anxiety or depression), multiple sclerosis, acute myocardial infarction, peripheral vascular disease, peripheral neuropathy, and
osteoporosis.

Intervention Impact on Quality of Life and
Self-management
Missing survey data were substantial, ranging between 14%
and 91%, mainly because of nonresponse rather than attrition.
There were 2 individuals who withdrew during the trial;
therefore, the loss to follow-up was 4.5%.

Tables 3 and 4 present the descriptive statistics of the AQoL-4D
and PAM scores from the sites at each data collection time point,
where the gray boxes represent the control periods. Raw AQoL
scores over time suggest that most patients (with the exception
of those at site B) started and remained relatively healthy over
the course of the study (with a notably wide SD).

After adjusting for the covariate of time in the model, patients
with ePRO combined with usual care (mean 15.28, SD 18.60)
demonstrated a nonsignificant decrease in quality of life
(t24=−1.20; P=.24) as compared with usual care only (mean
21.76, SD 2.17). With regard to patient engagement, ePRO
combined with usual care (mean 66.5, SD 17.3) demonstrated
a nonsignificant decrease in patient activation, t27=−1.41; P=.17,
as compared with usual care (mean 59.49, SD 9.60).

No patterns were evident when exploring descriptive trends in
outcomes related to ePRO user intensity (eg, those who used
the tool regularly versus those who rarely used or abandoned it
all together). There were fewer completed follow-up surveys
in the short term and nonuser groups.
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Table 3. Mean (SD) of patient health-related quality of life at each discrete time pointa,b.

Group 2Group 1Calendar time

Site F (n=1)Site C (n=7)Site B (n=13)Site E (n=1)Site D (n=5)Site A (n=17)

17.0028.00 (16.78)10.61 (6.78)6.0022.22 (20.03)19.30 (10.10)cBaseline (January 2018)

6.0031.00 (35.40)11.11 (11.50)6.0028.47 (10.72)20.94 (7.32)Period 1: April-July 2018

11.1137.04 (23.62)10.00 (5.74)—d28.47 (22.00)15.83 (7.64)Period 2: July-October 2018

17.0042.00 (35.40)8.00 (8.19)—20.83 (25.53)18.00 (10.00)Period 3: October 2018-January 2019

22.228.33 (8.00)e10.42 (9.00)—28.70 (13.13)22.83 (12.94)Period 4: January-April 2019

————36.1111.11 (3.00)Period 5: April-July 2019

aAQoL scoring 0 to 45 with 45 being the worst possible health.
bMean (SD) quality-of-life scores could not always be calculated for each site and period because of missingness or lack of variability in the questionnaire
responses.
cItalicization represents the usual care (control) period of the intervention.
dMissing data.
eFor this site, there were only 2 respondents in periods 3 and 4. The two who responded in period 3 had a wide spread between scores (16.67 and 66.06),
and the 2 respondents in period 4 were both lower overall (2.77 and 13.89).

Table 4. Mean (SD) of patient self-activation scores at each discrete time point during the triala

Group 2Group 1Calendar time

Site F (n=1)Site C (n=7)Site B (n=13)Site E (n=1)Site D (n=5)Site A (n=17)

58.1055.00 (11.30)63.10 (15.00)53.2061.10 (9.00)60.42 (15.00) bBaseline (January 2018)

66.0052.10 (1.60)72.00 (19.12)56.0058.80 (8.26)60.01 (10.59)Period 1: April-July 2018

58.1059.20 (9.00)69.40 (19.04)56.0063.10 (10.00)70.00 (14.92)Period 2: July-October 2018

56.0056.30 (13.10)68.00 (25.82)—c53.00 (15.00)71.79 (20.31)Period 3: October 2018-January 2019

61.0056.00 (7.00)98.00 (5.00)—63.00 (4.20)68.57 (19.41)Period 4: January-April 2019

66.00—76.93 (20.54)—48.9073.57 (13.94)Period 5: April-July 2019

aMean (SD) patient self-activation scores could not always be calculated for each site and period because of missingness or lack of variability in the
questionnaire responses.
bItalicization represents the usual care (control) period of the intervention.
cMissing data.

Mechanisms Likely Driving Outcomes: Selected
Findings From Ethnographic Case Studies
Use log data revealed significant attrition on the tool for both
long-and short-term user groups with 46% (21/46) of patients
using the tool as intended, 15% (7/46) discontinued use after 3

months, and 36% (17/46) abandoned the app after initial
training. Data from the ethnographic case studies are analyzed
to provide insights into factors that may drive use and potentially
influence outcomes.

Table 5 presents a summary of the data sources, and Multimedia
Appendix 5 offers a summary of NPT constructs and analysis.

Table 5. Ethnographic data sources.

Observations (n=21)Provider interviews (n=22)Patient interviews (n=24)Case sites

Site A ••• 1 onboarding6 midterm6 midterm
• ••5 end of project 5 ad hoc5 end of project

Site B ••• 1 onboarding4 midterm3 midterm
• ••3 end of project 9 ad hoc3 end of project

Site C ••• 2 onboarding2 midterm2 midterm
• ••2 end of project 3 ad hoc2 end of project
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The Role of Coherence, Cognitive Participation,
Collective Action, and Reflexive Monitoring
Consistent with findings from the exploratory trial, the
meaningfulness of the ePRO tool to patients and providers had
a significant influence on how and when it was used. Revealed
in this analysis, is that the meaningfulness of the ePRO tool (its
coherence to the participants) changed over time, and was reliant
on (1) alignment to previously held notions of chronic disease

management by providers and patients; (2) alignment to daily
work and life activities (enabling cognitive participation); (3)
strong relationships between patients and providers (enabling
collective action); and (4) consistent positive assessments of
the tool’s utility (regular reflexive monitoring). An additional
challenge is the interactional aspect of the ePRO tool, which
means that both individual and collective coherence need to be
aligned to the tool, as depicted in Figure 8.

Figure 8. Visual depiction of the normalization process of the electronic Patient-Reported Outcome tool.

The figure offers a simplified illustration of a complex ongoing
process, highlighting 2 key drivers of adoption in this study.
The first is the need for alignment between how individuals
within a shared process understand that process (coherence)
and then act on it (cognitive participation and collective action),
depicted by gray arrows in the figure. Collective action (the
actual use of the tool) proved to be highly influenced by this
individual and shared coherence but differed depending on
where users were in the process of GOC. For example, the data
demonstrate that collective action occurred more toward the
beginning of the intervention during goal-setting, when there
was better alignment between individual and communal
coherence of the intervention. This important time variable is
indicated by the orange arrows. Second, the evaluation and
assessment of the tool (reflexive monitoring) is continuous and
interactive rather than a demonstration of normalization, as
originally theorized, depicted in Figure 8 as black bidirectional
arrows. As participants moved through participation and action
in using ePRO, they consistently reflected on their individual
and collective coherence, assessing whether it was worth
continuing. Our data suggest that when alignment is high
between individual- and group-level coherence, there is a greater
likelihood of ongoing collective action; in this case, the use of
the ePRO tool. This relationship is not currently depicted in the
tool, as it will need to be tested in future studies.

Discussion

Participants and Study Implementation
Only 142 eligible patients of the total 176 patients were
identified. The minimum recruitment numbers could not be
reached owing to 3 challenges. First, some sites had few
provider participants join the study. The usability study and
exploratory trial suggested that providers who were just starting
with the ePRO tool should manage a maximum of 5 patients at
a time to reduce burden. The recruitment strategy required 6 to
8 providers to identify 5 to 10 patients each whom they could
manage for the duration of the trial. As such, sites with fewer
participants identified fewer patients to participate in the study
(sites B and C in particular). Second, the requirement that
patients be ready to engage in goal-setting proved to be a more
significant barrier than at previous stages of ePRO testing.
Practice EMRs identified many potential patient participants,
but when reviewed by providers, few were identified as ready.
Related to this point, the stepped-wedge design requires all
participants to start an intervention at the same time. This rigid
timing created an unanticipated third challenge.

The patient participants also likely represent a healthier group
overall. Compared with similar patients in Canada, the United
States, Australia, and the United Kingdom, patient participants
had a lower number of reported chronic illnesses and a higher
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level of reported education [64-67]. The AQoL scores of patients
were aligned with previously published population norms [68].
Participants PAM standardized scores demonstrate slightly
higher activation levels as compared with similar multimorbid
populations, for instance, in a validation study of PAM that
found a mean score of 56.6 (SD 12.9) [51].

Another important point to highlight is the relatively large
number of registered dietitians and nurse practitioners who
participated. One systematic review found several examples of
dietitian-supported diabetes prevention programs [69], and nurse
practitioners have been shown to successfully support digitally
enabled chronic disease management programs in outpatient
settings [70]. These examples, along with findings from this
study, suggest an important role for allied health professionals
in the implementation of digitally enabled health interventions
for chronic disease populations in primary care settings.

Finally, the nature of the research process itself influenced trial
implementation and outcome, as it conflicted with the natural
process of delivering GOC. First, providers were exasperated
by recruitment challenges, which resulted in delays in the trial
start date. Second, while having providers manage few patients’
reduced burden, it also meant providers had fewer opportunities
to engage with the tool. As time went on, providers began to
forget about the tool and why they valued it in the first place.
Finally, the stepped-wedge required a time-bounded window
for patient onboard. GOC, however, is a fluid approach in which
goal-setting needs to occur at a point when patients are ready
(as noted in the provider data around coherence). Providers
expressed frustration that study parameters limited their ability
to onboard patients later identified as individuals who could
benefit from the tool.

Principal Findings
Recruitment challenges previously described resulted in the
study being underpowered. As such, a conclusion regarding the
effectiveness of the ePRO tool cannot be drawn. Analysis of
the ethnographic data reveals interrelationships between use
patterns, outcome trends, and patient and provider contexts to
reveal the underlying mechanisms driving this complex
intervention. Many patients and providers perceived the ePRO
tool as valuable with the potential to improve engagement and
healthy behaviors; however, over time, this excitement waned.
Providers reverted to old ways of working, as did some patients.
Waning engagement is not unique to digital health and has
occurred in other behavior change interventions. Other patients
for whom the tool was well-aligned to their values and aimed
to manage their health demonstrated long-term adherence. For
those high users whose coherence of the tool was tied to their
interaction and relationship with their provider, they too began
to fall away from the intervention as providers became less
involved.

These findings uncover 2 tensions that have implications for
digital health interventions for patients with complex care needs
and multimorbidity in a primary care setting.

Challenge 1: Supporting Engagement in the
Intervention Over Time
Engagement with an intervention is a well-documented
challenge in primary care. Studies of medication adherence
show similar ranges of adherence (40%-60%) [71,72] for chronic
disease populations in primary care settings (ePRO adherence
was 44%). Nonadherence reduces exposure and can lessen the
effect of the intervention [73,74]. However, this lens suggests
that it is the patient’s fault for not doing as they are told, rather
than placing a critical lens on the intervention itself. Perhaps a
more useful lens is to consider engagement both “(1) the extent
(eg, amount, frequency, duration, and depth) of use and (2) a
subjective experience characterized by attention, interest, and
affect” [75].

The ePRO tool experienced low retention rates typical of many
mHealth interventions [76], which are connected to both use
and subjective experience. The ethnographic findings suggest
that subjective experience is linked to patient coherence and the
meaningfulness of the tool. This finding is consistent with other
studies that have shown that psychological factors such as
motivation, expectations of the app, mental health, cognitive
burden, and personal relevance will influence patient
engagement [75]. Usability of the technology and tech savviness
of users can often act as a barrier to ongoing use [77]. The
usability analysis for this trial was too extensive to be included
in this study. One key finding from the usability analysis
presented in another paper, is that tech savviness and usability
issues were moderated by the patient-provider relationship, in
that patients with stronger regular connections to their providers
were more likely to troubleshoot and work through technology
challenges regardless of reported savviness [78].

Importantly, in this trial, app burnout occurred for patients and
providers, for whom attrition was similarly linked to reduced
use and subjective experience. Primary care providers have also
demonstrated declining engagement with interventions over
time, an issue identified in the literature as clinical inertia [79].
With continuous interventions, such as GOC, the ePRO study
findings suggest that tapping into coherence consistently may
improve engagement by both patients and providers.

Challenge 2: Meaningfulness for the Individual Versus
the Group
Alignment of the ePRO tool to what was important and
meaningful to patients and providers (coherence) was
foundational. The study findings not only lend support for the
importance of meaningfulness in technology [80] but also
demonstrate how meaningfulness is constructed at both the
individual and group levels, as suggested by NPT [60]. The
disconnect between how providers and patients approached
GOC is likely a contributor to the abandonment of the tool by
those patients who sat somewhere between the strongly
self-motivated super users and somewhat indifferent nonusers.
For patients, GOC was a way to motivate and feel accountable
for goals co-constructed with their providers. For many
providers, however, GOC was an approach to support patient
self-management, which did not require the same amount of
ongoing connection and feedback expected from patients. This
view is well-represented by the quote from the physical therapist

J Med Internet Res 2021 | vol. 23 | iss. 12 | e29071 | p.1273https://www.jmir.org/2021/12/e29071
(page number not for citation purposes)

Steele Gray et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


at site A, as shown in Multimedia Appendix 5, under the
cognitive participation domain.

This approach to self-management suggests that a provider plays
the role of a consultant, guiding patients through the
management of their illnesses [81]. Although there is room for
collaborative care and goal-setting in this model, the emphasis
is on setting patients up to succeed and then sending them off.
The qualitative data from this study suggest patients wanted
more of a coaching approach with more touch points and
interactions to maintain momentum, particularly for patients
who started strong but then fizzled out. Theories of volition and
self-regulation suggest that “feedback focused on the immediate
benefits of behavior may be optimal during the early stages of
behavior change” but can be reduced as individuals become
more intrinsically motivated and confident [82]. What perhaps
happened here is those patients who fizzled out were still at
their early stage and, as such, required more engagement to
keep moving forward. This finding suggests the need to better
calibrate coherence when implementing digital health solutions
with diverse user groups over time. Future studies should also
probe how variation in the degree of goal specification found
in this study may also influence patients at different stages of
behavior change.

Strengths, Limitations, and Future Research
Similar to comparable studies of digital health interventions in
primary care [83], both site and patient recruitment challenges
were experienced. In addition, some values in the sample size
calculation, such as attrition, were underestimated.
Underpowering meant that all confounding variables collected
via demographic baseline surveys and chart reviews could not
be included in the modeling. In addition, some context data
(notably participation in chronic disease management programs)
may have changed over time and were only collected once at
baseline. The smaller than anticipated sample size did allow for
a more robust approach to ethnographic data collection, resulting
in a rich, qualitative data set, which is a strength of the study.
Future studies in primary care settings should consider both the
setting context and the nature of the intervention being tested
to better align trial methods to real-world implementation. More
flexible adaptive trials or the application of an interrupted time
series within the clusters may be more appropriate in these
dynamic environments. Further exploration as to the reason
why some providers were more successful in identifying eligible
patients as compared with others in the study is another potential
area of study to better understand this implementation challenge.

The findings may not be widely generalizable to older adults
with complex needs, as patients in this study were generally
healthier and more educated. However, the high proportion of
complex older women living in rural environments in this project
addresses a notable gap in the evidence on interventions for this
population [84,85]. Relying on provider screening may have
led to selection bias, which can reduce generalizability.
However, as there is a lack of consensus on the definition of
patient complexity, reliance on physician expertise and
self-identification has been found to be a viable approach to
identify this patient population [86].

Another important limitation is that this study lacks additional
data on provider characteristics, such as age, years of experience,
and employment status (eg, full-time or part-time). While a
baseline demographic survey was deployed to all providers,
few remitted these surveys despite multiple attempts to collect
the data either via email, phone, or in person. While some key
variables, such as comfort with technology, were collected via
interviews, the other demographic variables would have aided
in interpreting data and supported generalizability to other
similar provider groups.

While this study offers a multimethod view of the effectiveness
of the ePRO tool, the findings presented here focus on the major
themes that emerged in the analysis. Further analyses will
explore the interrelationships between NPT constructs and other
context variables, in particular how these concepts relate to
professional identities, organizational culture, and notions of
how best to engage in chronic disease management. An
important lesson from this trial is how the nature of GOC and
chronic disease management in primary care settings is a fluid
and complex process that is often unique to particular settings
and provider-patient pairs. Highly adaptive trial designs, which
allow the study to align to these contexts more closely, may
have greater success in engagement for longer interventions.

Conclusions
Although this study is unable to provide a definitive answer to
the effectiveness of the ePRO tool, it did generate novel insights
regarding the implementation of digital health technologies in
primary care settings. The findings demonstrate the critical role
of coherence, or meaningfulness, of an intervention, and the
great challenge of aligning coherence across diverse user groups
over time. Future work in this area should pay careful attention
to how chronic disease management, GOC, and
self-management are understood and pursued when
implementing digital health technologies to advance these
models of care.
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delivery for patients with complex care needs.
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Abstract

Background: There is a general agreement on the importance of health-related quality of life (HRQoL). This type of information
is becoming increasingly important for the value assessment of health technology assessment agencies in evaluating the benefits
of new health technologies, including medicines. However, HRQoL data are often limited, and additional sources that provide
this type of information may be helpful.

Objective: We aim to identify the HRQoL topics important to patients with melanoma based on web-based discussions on
public social media forums.

Methods: We identified 3 public web-based forums from the United States and the United Kingdom, namely the Melanoma
Patient Information Page, the Melanoma International Forum, and MacMillan. Their posts were randomly selected and coded
using qualitative methods until saturation was reached.

Results: Of the posts assessed, 36.7% (150/409) of posts on Melanoma International Forum, 45.1% (198/439) on MacMillan,
and 35.4% (128/362) on Melanoma Patient Information Page focused on HRQoL. The 2 themes most frequently mentioned were
mental health and (un)certainty. The themes were constructed based on underlying and more detailed codes. Codes related to
fear, worry and anxiety, uncertainty, and unfavorable effects were the most-often discussed ones.

Conclusions: Web-based forums are a valuable source for identifying relevant HRQoL aspects in patients with a given disease.
These aspects could be cross-referenced with existing tools and they might improve the content validity of patient-reported
outcome measures, including HRQoL questionnaires. In addition, web-based forums may provide health technology assessment
agencies with a more holistic understanding of the external aspects affecting patient HRQoL. These aspects might support the
value assessment of new health technologies and could therefore help inform topic prioritization as well as the scoping phase
before any value assessment.

(J Med Internet Res 2021;23(12):e27497)   doi:10.2196/27497

KEYWORDS

reimbursement decision-making; QoL; health care; quality of life

J Med Internet Res 2021 | vol. 23 | iss. 12 | e27497 | p.1281https://www.jmir.org/2021/12/e27497
(page number not for citation purposes)

Kalf et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:m.l.bouvy@uu.nl
http://dx.doi.org/10.2196/27497
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Background
Decisions on the reimbursement of innovative medicines in
Europe are most prominently based on the recommendations
of national health technology assessment (HTA) agencies.
Conventionally, these HTA recommendations are prepared
directly after market-authorization of medicines. The starting
point for these HTAs is the assessment of (added) therapeutic
value, also known as relative effectiveness assessment, and
subsequently, cost-effectiveness assessments. In both, relative
effectiveness assessments and cost-effectiveness assessments,
outcome measures such as the overall survival rate, adverse
events (AEs), and health-related quality of life (HRQoL) are
considered.

From the perspective of patients, HRQoL is an important
outcome measure because it can capture how disease and
treatment affect a patient’s quality of life [1]. This is especially
of interest in diseases such as cancer, where medicines may
increase overall survival rates but may cause considerable
toxicity. Therefore, HRQoL intends to inform HTA agencies
on the relevance and added value of new oncology treatments
for patients, for instance, if the medicine improves HRQoL by
halting the progression of the disease, or alternatively, decreases
HRQoL if toxicity or AEs have a large impact on the patient’s
well-being.

Although the assessment of HRQoL is becoming increasingly
important in different areas of health care, relevant HRQoL data
are often unavailable. For instance, patients with severe disease
seem less likely to complete HRQoL questionnaires compared
with their healthier counterparts [2,3]. The use of complicated
HRQoL instruments increases respondent burden and may also
lead to lower completion rates. Furthermore, patients might not
be motivated to complete HRQoL questionnaires in a research
setting if tangible respondent benefits are not delivered. Overall,
HRQoL data are currently only sparsely represented in HTA
reports for oncological products. More specifically, only in a
third of HTA assessments were HRQoL data used [4], leading
to a low impact of HRQoL on HTA decision-making despite
the general recognition of the importance of HRQoL for patients
and society.

In addition to the limited availability of HRQoL data, current
methods used to measure HRQoL may fail to truly capture what
is most relevant to patients [5], which may result in incorrect
overall interpretation. Therefore, there is a continuous search
for sources that provide additional relevant information on
HRQoL. Social media is a convenient and well-established
communication source and therefore presents an obvious
potential option. Patients often use social media to gather
information on their health condition and treatment options, to
share their experiences, and to find social support [6-8]. Previous
research has also shown that social media may help identify
HRQoL topics of importance to patients, prioritize the topics
most relevant to patients, or help in the distribution of HRQoL
questionnaires [9-12]. Melanoma is an area of oncology that
has seen the rapid introduction of several classes of new
therapeutics with new modes of action, increasing the likelihood

of existing HRQoL tools failing to capture patient-relevant
outcomes [13-15]. Concomitantly, several web-based patient
forums for melanoma have been active.

Objectives
To evaluate the potential relevance of social media as a
meaningful source of HRQoL information for HTA, we
identified the HRQoL topics that are most important to patients
with melanoma based on discussions from web-based forums.
Following the logic that in an unsupervised setting, patients
would bring up topics relevant to them rather than being
triggered by, for instance, a questionnaire, we focused on the
research question: Which HRQoL topics do patients with
melanoma and their caregivers spontaneously discuss on the
web?

Methods

Overview
For this study, we focused on public web-based forums that are
publicly accessible to anyone, as opposed to private patient
communities. These public web-based forums provide peer
support for a range of medical conditions, allowing the patients
to share their experiences and provide information [16-18]. In
a previous study, we collected patient perspectives on HRQoL
from private social media sources, including a private Facebook
(Facebook, Inc) group for patients with melanoma [9]. Using
a different type of social media in this study allows for
comparisons between the different sources of social media
regarding the HRQoL topics discussed.

Selection of Web-Based Forums
The public web-based forums were identified using 2 internet
search engines, namely (1) Google (Google, Inc) and (2) Bing
(Microsoft, Inc), which are currently the most popular search
engines in the world [19,20]. Searches were conducted in
English, with a combination of the search terms melanoma,
forum, message board, and discussion board. Browser history
was cleared before each search because the previous searches
might influence the search findings. This forum search was
conducted on 5 consecutive days starting June 4, 2019, to
account for the websites being unavailable owing to maintenance
issues. The search results from the first 2 pages shown by (1)
Google and (2) Bing were extracted and assessed for eligibility,
and any advertisements or images were excluded.

Forums were eligible for inclusion based on the following three
criteria: (1) the website had been active for ≥5 years based on
the publication dates of posts, (2) at least 2000 posts had been
posted on the forum, and (3) ≥5 new posts had been posted in
the past week. We identified 3 forums as eligible for inclusion:
Melanoma Patients Information Page (MPIP), Melanoma
International Forum (MIF), and MacMillan Cancer Support
Online Community for Melanoma Patients. Each forum was
informed of our intention to use their publicly available posts
for research purposes via email. Both MPIP and MIF are forums
based in the United States and MacMillan is based in the United
Kingdom. MPIP and MIF focus solely on patients with
melanoma, whereas MacMillan provides information to support
patients with cancer in general, in addition to having 64
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cancer-specific forums (eg, melanoma, Hodgkin lymphoma,
pancreatic cancer, and unknown primary cancer) [21-23].

Data Extraction
No login was used to gain access to any of the posts extracted,
nor was login required on any of the forums. Each forum thread
was sorted by the date of the last post, after which all the threads
were collected. A thread is defined as a collection of posts, with
an initial post that introduces a specific topic and the subsequent
replies posted by one or more members of the forum. We
collected the complete threads from each forum using the R
package rvest (R Core Team) in September 2019 [24]. We
collected the following data: title of the thread, text from each
post, username of each post, date and time of each post, and
whether a post was the original post or a reply. Each username
was given a user ID to ensure anonymity.

Data Analysis
We coded the posts using the coding scheme developed in our
previous study [9], in which members of the Melanoma Patient
Network Europe, an established patient network for patients
with melanoma, caregivers, and advocates, were approached
via its multiple social media channels to anonymously complete
a 25-item web-based survey. In this survey, questions regarding
sociodemographic and clinical characteristics and several open
questions exploring patient and caregiver perspectives on
HRQoL (eg, “What is HRQoL in melanoma for you?”, “Name
3 things that deteriorate your/the melanoma patient’s HRQoL
today?”) were posed. Two researchers independently performed
inductive content analysis on the responses to the open-ended
questions and assigned codes, and any discrepancies in coding
were resolved by consensus. As these themes and codes may
not have covered all the topics spontaneously discussed in the
forums, we created new themes and codes as required. The
following themes were added: alone and coping, and the code
guilt was added to the theme certainty. In addition, we adjusted
the coding scheme to be more concise.

We excluded the posts that did not focus on HRQoL or
melanoma, provided advice or shared experience, asked a
question or provided information, or offered support. We defined
HRQoL as the patient’s subjective perception of the impact of
the disease and its treatment on the physical, psychological, and
social aspects of daily life [25,26]. From each forum, a random
sample of 100 posts was coded by 4 authors (RRJK, DMJD,
WGG and MLB). Agreement regarding the inclusion and
exclusion of posts between the coders was 74% for MPIP (RRJK
and DMJD), 85% for MIF (RRJK and WGG), and 83% for
MacMillan (RRJK and MLB); any disagreements were discussed
and resolved by consensus. From this random sample, 44%
(44/100) were included in this study from MPIP, 61% (61/100)
from MIF, and 63% (63/100) from MacMillan. Subsequently,
author RRJK continued coding the posts selected randomly
from each forum until 100 posts which referred to HRQoL
aspects were included. After this, the posts were coded in
batches of 25 until saturation. We defined saturation as not
being able to identify a new emerging theme in 2 consecutive

batches of 25 posts [27]. Owing to the vast number of posts in
each forum, we decided to code until saturation because this
was sufficient to identify which HRQoL aspects were relevant
to patients with melanoma. When author RRJK was unsure
about a specific post or code, the issue was discussed and
resolved by consensus among authors (RRJK, DMJD, MLB,
and WGG). A total of 72.4% (262/362) posts for MPIP, 75.6%
(309/409) for MIF, and 77.2% (339/439) for MacMillan were
assessed solely by author RRJK. Coder drift was not assessed
in this study, and therefore, poses a potential coding bias.

Covering all the posts assessed, we conducted an analysis of
the number of threads and reply posts by each unique user to
assess how often the same person initiated a thread or replied
to an initial post. As a subanalysis, we assessed the subforums
available on MIF in more detail. MIF provides separate forums
for patients with melanoma with stage I and II, stage III and
stage IV, as well as separate forums for newly diagnosed (ND)
stage I and II patients and ND stage III and IV patients. This
allowed us to evaluate which HRQoL topics were important for
patients with melanoma at different disease stages. The results
from analyzing the forum posts have been described
qualitatively. This study was conducted in accordance with the
Standards for Reporting Qualitative Research [28]. All data
were collected, coded, stored, and analyzed using R version
3.4.4 (R Core Team) and NVivo (version 12; QSR International)
[29,30].

Results

Overview
A total of 14,755, 6798, and 1671 threads were collected from
MPIP, MIF, and MacMillan, respectively. This resulted in
88,261, 23,911, and 9551 original posts from MPIP, MIF, and
MacMillan, respectively. A total of 409 posts from 189 unique
users were assessed from MIF, as were 439 posts from 359
unique users from MacMillan and 362 posts from 243 unique
users from MPIP (Figure 1). After the exclusion of irrelevant
posts, 150 posts from 112 unique users, 198 posts from 164
unique users, and 128 posts from 96 unique users were included
in our assessment from MIF, MacMillan, and MPIP,
respectively. We determined how often the same user started a
thread and posted a reply (Figure S1 in Multimedia Appendix
1). Some users started 1 thread but did not reply to any other
post (46/189, 24.3% on MIF; 130/359, 36.2% on MacMillan;
and 71/243, 29.2% on MPIP). Another group of users posted 1
reply, but did not start any threads (99/189, 52.4% MIF; 67/359,
18.7% MacMillan; and 52/243, 21.4% MPIP). Finally, a number
of users started 1 thread and posted 1 reply (9/189, 4.8% MIF;
69/359, 19.2% MacMillan; and 32/243, 13.2% MPIP). Overall,
95.8% (181/189) of the users on MIF, 95% (341/359) on
MacMillan, and 92.6% (225/243) on MPIP posted ≤5 posts
(either as the initial thread or reply post). Only a few users in
each forum contributed to a greater extent. Only 2 major outliers
can be identified: 1 on MPIP, where 1 user started 45 threads
and posted 26 replies, and 1 on MIF, where 1 user started 20
threads and posted 74 replies.
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Figure 1. Overview of inclusion and exclusion criteria for forum posts. HRQoL: health-related quality of life; MIF: Melanoma International Forum;
MPIP: Melanoma Patients’ Information Page.

On all 3 forums, the 2 most often identified themes were mental
health and certainty (Table 1). More than half of the posts
mentioned aspects related to mental health (85/150, 56.7% MIF;
126/198, 63.6% MacMillan; and 69/128, 53.9% MPIP), and at
least a third of the posts mentioned information relevant to
certainty (63/150, 42% MIF; 80/198, 40.4% MacMillan; and

40/128, 31.3% MPIP). Other often-mentioned themes were
health care communication (32/150, 21.3%) and unfavorable
effects (28/150, 18.7%) on MIF, health care access (43/198,
21.7%) and unfavorable effects (27/198, 13.6%) on MacMillan,
and health care access (20/128, 15.6%) and unfavorable effects
(21/128, 16.4%) on MPIP.

Table 1. Total number and percentage of posts mentioning a specific theme on each forum (N=476).

Total posts per forum, n (%)Theme

MPIPb (n=128)MacMillan (n=198)MIFa (n=150)

69 (53.9)126 (63.6)85 (56.6)Mental health

40 (31.2)80 (40.4)63 (42)Certainty

12 (9.4)21 (10.6)32 (21.3)Health care communication

21 (16.4)27 (13.6)28 (18.6)Unfavorable effects

20 (15.6)43 (21.7)16 (10.6)Health care access

18 (14.1)23 (11.6)17 (11.3)Health care general

9 (7)5 (2.5)16 (10.6)Disease status

12 (9.4)26 (13.1)15 (10)Support

4 (3.1)22 (11.1)14 (9.3)Coping

17 (13.3)19 (9.6)14 (9.3)Social life

6 (4.7)7 (3.5)13 (8.7)Health general

8 (6.3)11 (5.6)9 (6)Physical health

14 (10.9)4 (2)9 (6)Treatment

6 (4.7)7 (3.5)8 (5.3)Happiness

1 (0.8)3 (1.5)1 (0.7)Alone

aMIF: Melanoma International Forum.
bMPIP: Melanoma Patients Information Page.

Each theme was constructed from underlying, more detailed
codes. Table S1 in Multimedia Appendix 1 shows the codes
used for each forum and provides excerpts from posts to provide
examples for each code. This provides insight into the construct

of each code and displays in more detail which HRQoL aspects
the patients spontaneously discussed on the web. Examples of
the most-often discussed codes (Table 2) are given below.
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Table 2. Total number and percentage of posts mentioning a specific code on each forum (N=476).

Total posts per forum, n (%)Theme and code

MPIPb (n=128)MacMillan (n=198)MIFa (n=150)

Mental health

46 (35.9)78 (39.4)58 (38.8)Fear, worry, and anxietyc

10 (7.8)17 (8.6)11 (7.3)Positive mood

2 (1.6)16 (8.1)3 (2)Mental healthd

4 (3.1)7 (3.5)5 (3.3)No anxiety or relieve

4 (3.1)4 (2)6 (4)Stress

3 (2.3)2 (1)2 (1.3)Not to worry

0 (0)2 (1)0 (0)Depression

Certainty

20 (15.6)46 (23.2)38 (25.3)Uncertainty

13 (10.2)18 (9.1)13 (8.7)Hope

4 (3.1)11 (5.6)5 (3.3)Confusion

1 (0.8)5 (2.5)4 (2.7)Guiltd

2 (1.6)0 (0)1 (0.7)Confident

0 (0)0 (0)2 (1.3)Control

Health care communication

4 (3.1)10 (5.1)14 (9.3)Lack of information

4 (3.1)5 (2.5)11 (7.3)Informed decision-making

3 (2.3)1 (0.5)6 (4)Good information

1 (0.8)2 (1)1 (0.7)Counselling

0 (0)3 (1.5)0 (0)Access to information

Unfavorable effect

19 (14.8)24 (12.1)25 (16.7)Unfavorable effects

2 (1.6)3 (1.5)3 (2)No unfavorable effects

Health care access

10 (7.8)29 (14.6)4 (2.7)Waiting time

5 (3.9)7 (3.5)6 (4)Finances

1 (0.8)4 (2)5 (3.3)Access medicines

4 (3.1)3 (1.5)1 (0.7)Access care

Health care general

14 (10.9)10 (5.1)14 (9.3)Good care or good doctorsc

4 (3.1)13 (6.6)3 (2)Bad care or bad doctors

Disease status

1 (0.8)4 (2)5 (3.3)No spreading

5 (3.9)0 (0)7 (4.7)No evidence of disease

3 (2.3)1 (0.5)2 (1.3)Progression

0 (0)0 (0)2 (1.3)Metastasis

Support

9 (7)14 (7.1)14 (9.3)Supportd

1 (0.8)6 (3)1 (0.7)Ignorance
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Total posts per forum, n (%)Theme and code

MPIPb (n=128)MacMillan (n=198)MIFa (n=150)

2 (1.6)6 (3)0 (0)Lack of support

4 (3.1)22 (11.1)14 (9.3)Copingd

Social life

15 (11.7)11 (5.6)12 (8)Patient network

1 (0.8)3 (1.5)2 (1.3)Work

1 (0.8)2 (1)0 (0)Friends

0 (0)3 (1.5)0 (0)Family

General health

3 (2.3)3 (1.5)9 (6)Pain

3 (2.3)1 (0.5)3 (2)Diet and appetite

0 (0)1 (0.5)1 (0.7)Good health

0 (0)2 (1)0 (0)Pain free

Physical health

5 (3.9)7 (3.5)5 (3.3)Fatigue

1 (0.8)2 (1)1 (0.7)Good physically

2 (1.6)1 (0.5)1 (0.7)Pregnancyd

0 (0)1 (0.5)2 (1.3)Exercise

Treatment

6 (4.7)1 (0.5)5 (3.3)Randomized controlled trials

7 (5.5)3 (1.5)1 (0.7)Good medicines

1 (0.8)0 (0)3 (2)Drug effectiveness

Happiness

1 (0.8)5 (2.5)4 (2.7)Enjoy life

5 (3.9)2 (1)3 (2)Normal life

0 (0)0 (0)1 (0.7)Capability

1 (0.8)3 (1.5)1 (0.7)Aloned

aMIF: Melanoma International Forum.
bMPIP: Melanoma Patients Information Page.
cCodes combined as compared with coding scheme used in previous study.
dNew codes added to the original coding scheme used in previous study [9].

Fear, Worry, and Anxiety
On all 3 forums, the code relating to fear, worry, anxiety was
most often discussed (Table 2; Table S1 in Multimedia
Appendix 1). More specifically, on all forums, users talked
about being obsessed over moles and being scared about their
diagnosis. Other aspects mentioned included, but were not
limited to, being anxious about the results (MIF and MPIP),
worrying about recurrences (MIF), and the consequences of
stopping treatment (MIF and MPIP).

Uncertainty
The second most frequently discussed topic on MIF, MacMillan,
and MPIP was uncertainty (Table 2). Users were uncertain about
many different aspects, such as whether they had made the right

decision, whether the medicines would work, if the diagnosis
was correct, and how bad the AEs would be (Table S1 in
Multimedia Appendix 1). For example, one user said “[...] any
suggestions on [...] how not to worry endlessly about the ‘what
ifs’.”

Unfavorable Effects
On MPIP, MacMillan, and MIF the topic unfavorable effects
was also discussed commonly (Table 2). This focused on the
AEs, the complications and the symptoms that the patients
experienced. One specific AE that was most frequently
mentioned on MIF and MacMillan was lymphedema (Table S1
in Multimedia Appendix 1). Users also discussed solutions to
the AEs and the complications they were experiencing, such as
those from the medicines they were prescribed (MIF,
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MacMillan, MPIP). Not only were the intolerable AEs,
complications, and symptoms discussed, but also those that
were manageable. Discussions reflected the different degrees
of AE presentation experienced by patients, from manageable
to intolerable. For example, 1 user mentioned the following
“not the end of the world itching and rash, but it is very
maddening and crazy making.”, while another indicated “[...]
has a terrible rash on his face head and back. We can LIVE with
the rash.”

Waiting Time and Coping
On MacMillan, next to unfavorable effects, both waiting time
and coping were often mentioned (Table 2). Coping was also
a topic discussed on the other 2 forums (Table S1 in Multimedia
Appendix 1), although it seemed to be discussed to a lesser
extent. Users discussed how they coped, for example, with their
diagnoses (MIF and MacMillan), with the AEs (MIF and
MacMillan), and with their lives in the new normal (MIF and
MPIP). Some users indicated how difficult it was to cope with
their diagnosis and how they went through denial before being
able to accept the seriousness of it all (MacMillan). The long
waiting time for appointments and results were also mentioned
on all forums (Table S1 in Multimedia Appendix 1). Users
expressed this as: feels like waiting for eternity, and the waiting
game being the worst. However, some users on MacMillan also
indicated that the waiting time was not as long as anticipated.

Hope
Hope was also a code mentioned in all forums. On MIF, a user
expressed the following: “I’m getting to the point where I’m
believing I could be ok again!” Users also expressed their hope
of having scans that showed tumor shrinkage (MacMillan and
MPIP) and their hope for medicines that would work
(MacMillan and MPIP).

Health Care
Members shared experiences related not only to their health,
but also to their experiences with health care, including access
to health care, lack of information, and making informed
decisions (Table S1 in Multimedia Appendix 1). On all forums,
users talked about good and bad experiences with their health
care. For example, one user posted:

I was seen by a new (?), certainly very young doctor
who had obviously not read my notes as he had no
idea that I was on the Avastin trial. In fact he didn't
even know what the trial was and even asked me to
spell the drug's name for him!!!! Obviously a very
well read young man in his specialist field, not!

However, good experiences with health care were also shared,
such as by this user:

Had my first PET this week since stage 4 dx, and met
with Onc the same day to go over results. She hadn't
looked at them yet when we met, so I was pretty
nervous. She could tell and just told me these are the
first scans and the only bad results would be if there
are any new mets that had popped up in kidney, lungs,
or any other organs. She said she would be happy
with no change, or even if things only grew by a little.

The subanalysis of MIF subforums (data not shown) showed
that fear, worry and anxiety was discussed on all subforums,
but most often by patients with stage I or II, with 55.0% (33/60;
including ND) of the posts mentioning this topic. Uncertainty
was discussed on all subforums to approximately the same
extent (17.6% (6/34) - 32.3% (10/31) of the posts discussed this
topic). The topic unfavorable effects was more often discussed
by stage III and IV patients (25.6% (22/86) including ND) than
by stage I and II patients (5.0% (3/60) including ND). ND
patients discussed coping more often than patients who were
not posting on the ND subforums (17.2% (11/64) vs 3.7% (3/82),
respectively).

Discussion

Principal Findings
In this study, we showed that patients with melanoma and their
caregivers discussed many different topics related to HRQoL
on public web-based forums. Topics related to fear, worry and
anxiety, uncertainty, and unfavorable effects were most often
discussed. With respect to fear, worry and anxiety, some users
discussed their worries regarding their moles and diagnosis,
which may be most important to patients in the earlier stages
of melanoma. Other users discussed aspects related to their fear
of recurrence or the consequences of stopping treatment, which
may be more relevant to patients in the later stages of the
disease. Of note, a caveat of social media is the incomplete
information on user characteristics, making it infeasible to
determine the disease stage for each user. Many users also
discussed aspects related to uncertainty. However, this covered
different aspects ranging from uncertainty regarding AEs and
the effectiveness of the medicines to uncertainty about their
diagnosis. Finally, with respect to discussions on unfavorable
effects, users shared their experiences with AEs and
complications, as well as their solutions.

It is important to realize that the type of social media used may
affect the results of a study like ours because social media may
be public (anyone may gain access to posts without signing in)
or private (where an account is needed before users may gain
access to posts). In public sources, users may be less inclined
to share personal experiences as compared with private social
media sources [31,32]. Previously, we had assessed which
HRQoL topics were most important to patients with melanoma
and their caregivers on private social media by posting a survey
on the private social media channels of Melanoma Patient
Network Europe [9]. It was shown that family and having a
normal life were the 2 most important HRQoL topics for patients
with melanoma. In this study, patients with melanoma most
often discussed topics related to fear, worry, anxiety,
uncertainty, and unfavorable effects. This difference may be
because in the previous paper, we actively inquired about the
HRQoL aspects most important to patients with melanoma,
guiding them through a survey, whereas in the current paper,
we merely listened to the topics that patients with melanoma
discussed with each other [33,34], the latter being a much more
inductive approach.

Another aspect that may influence our study results is the
overrepresentation of a specific group of users, such as patients
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with a specific stage of disease or their caregivers discussing
the topics most important to them and subsequently driving our
results. We previously showed using private social media that
patients with melanoma with a different stage of the disease
find other HRQoL aspects important, as do caregivers [9]. In
this study, we confirmed this as our subanalysis of the MIF
subforums suggested that different HRQoL topics seemed
important to patients with melanoma in different disease stages.
Subsequently, melanoma-specific HRQoL questionnaires may
benefit from taking these differences into account.

Previous research has shown that disease-specific HRQoL
questionnaires do not fully represent what patients find
important in HRQoL [9,12,35]. For example, the wording in
the questionnaires may be different from how patients describe
HRQoL aspects; some topics may seem less relevant to patients
and some topics may not be included in the HRQoL
questionnaires [9,12,35]. Therefore, we evaluated whether
melanoma-specific HRQoL questionnaires represented topics
discussed by patients with melanoma on web-based forums. In
both the Functional Assessment of Cancer Therapy-Melanoma
(FACT-M) and European Organization for Research and
Treatment of Cancer (EORTC) QLQ-MEL38, some questions
related to the theme mental health are present [36,37]. In
FACT-M, these questions seem to focus on worrying, losing
hope, being sad, and feeling nervous. Although in EORTC
QLQ-MEL38, they seem to focus mainly on worrying, including
worrying about unfavorable effects. In contrast, web-based
discussions seem to focus more on the (overwhelming) fear and
anxiety of patients with melanoma. Regarding uncertainty, only
EORTC QLQ-MEL38 poses one question Have you felt able
to plan for the future? However, in web-based discussions, other
aspects of uncertainty seem to be more important to patients.
Several questions related to unfavorable effects are posed in
both FACT-M and EORTC QLQ-MEL38, including some
questions related to lymphedema. This seems to correspond to
the web-based discussions among patients with melanoma.
Other themes that were often discussed on the web included
health care communication and health care access. It seems
that only EORTC QLQ-MEL38 has questions focusing on these
themes. Although these melanoma-specific HRQoL
questionnaires have been developed with great care, these
findings raise questions about the extent to which these
questionnaires cover aspects most pertinent to patients.
Therefore, HRQoL questionnaires may benefit from ensuring
that topics correspond more to patient experiences, such as
including more questions on uncertainty.

It is important to note that although aspects related to AEs may
be important for reimbursement decision-making, aspects related
to uncertainty and coping are less relevant. However,
considering the high psychological burden in the early stages
of melanoma, which contrasts with the seemingly benign overall
survival outcomes, some topics may become increasingly
relevant for HTA as melanoma therapies move from the
advanced setting into earlier stages of the disease. These insights
highlight the importance as well as the burden that these topics
present for patients with melanoma across all disease stages, in
addition to disease-specific concerns. Health care systems,
therefore, should be aware that topics such as health care

communication and access to services can critically impact the
HRQoL of patients, irrespective of the given treatment.

Limitations
This study has several limitations. First, we focused on
web-based forums, whereas other public, social media channels
might provide a different type of insight (eg, Twitter, public
Facebook groups, or blogs). However, not every social media
channel is appropriate for gathering insights on a specific topic.
For example, information on AEs is not readily available on
Facebook or Twitter [38]. Second, identifying the disease stage
for each patient was difficult but has been proven to be relevant
as our earlier analysis of stage-specific forums has shown. This
could possibly be overcome to a certain degree by using more
automated methods of data analysis. In addition, validating
authenticity (eg, verifying whether users actually have the
disease they discuss) on the web is difficult [11,39,40]. Third,
selection bias may be an issue because the patient population
present on web-based forums may be different from the patient
population that is not using web-based forums. For example,
patients using social media are conventionally better educated
[40,41], more likely to be female [39,42], and may have a
different symptom experience [43]. Finally, web-based forums
may update their terms of use at any given time. At the time of
collecting the posts, all 3 forums were of public nature and
logging in to gain access to the posts was not necessary.
However, MIF has changed this and now requires a login to
gain access to posts.

Strengths
One of the strengths of this study was the coding of 100 posts
from each forum by 2 authors to ensure validity. Analyzing
qualitative data can be subjective; therefore, agreement among
multiple authors when assigning codes is important. In addition,
any uncertainties in the posts that were coded until saturation
was reached were discussed and resolved by consensus among
the 4 authors to further ensure validity. Another strength was
determining how often users posted an initial post and a reply
post to assess whether one or more users could possibly drive
our results. A total of 94.4% (747/791)of users posted only a
few posts (≤5 posts) on the forums, suggesting that our results
were not driven by one or more users. It seems highly unlikely
that the 2 outliers in MIF and MPIP would drive the results,
considering the number of posts assessed.

Implications and Conclusions
Patient involvement is becoming increasingly important in HTA,
which is especially appreciated during the scoping phase of
HTA and for HTA topic prioritization [44,45]. The scoping
phase is conducted at the beginning of an HTA assessment,
where the technology under assessment, the reference or
comparator technology, the relevant study population, and the
relevant outcome measures regarding the effectiveness and
safety of the technology under assessment are identified [46,47].
In an ideal situation, several stakeholders, including clinicians
and patients, should be involved during this scoping phase. The
input from patients or their representatives is, for example,
important to choose outcome measures that matter to patients.
However, the involvement of patients or representatives may
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be limited [48-51]. Social media may allow inputs from a wide
group of patients, and may thus provide robust insight into
patient experiences. For example, in the scoping phase, social
media may be informative in determining which outcome
measures would be most important to measure. Social media
may not only prove useful in HTA but may also inform health
care professionals in their understanding of patient experiences
and what is important to patients regarding their treatment and
health care [52]. In addition, issues relevant to patients and
which they deal with on a regular basis may be uncovered and
could lead to identifying issues that might have otherwise gone
unrecognized [53]. In addition, in regulatory decision-making,
information from social media may help determine which AEs
greatly affect HRQoL, are most debilitating to patients, and
which AEs are acceptable to patients [39,54,55]. Therefore,
social media may be informative for several stakeholders with
varying goals. However, this source of information still needs
to become part of the regular data extraction practices of
stakeholders. Therefore, clear guidelines are needed for the
ethical use of social media data, the limitations that are involved,
and the purposes for which this information could be used.

To conclude, it is important to realize that web-based forums
are a valuable source to cross-reference the relevance of existing
tools and help identify gaps in existing procedures. Social media
may contribute to improving the content validity of
patient-reported outcome measures, including HRQoL measures.
More specifically, current melanoma HRQoL questionnaires
may potentially improve patient relevance by adding more items
related to fear, worry, anxiety and uncertainty. Social media is
a readily available source that can provide fast inputs from
patients with both rare and common diseases. It can be used
passively to listen to what patients discuss on the web and to
actively distribute questionnaires. In addition, information
extracted from social media may support an evidence ecosystem,
where existing evidence is used by several stakeholders for
different goals. This information source may contribute to a
more holistic understanding of the patient’s perspective and
highlight external factors affecting patient HRQoL. Social media
may specifically provide insights for HTA decision-making
during the prioritization of topics as well as during the scoping
phase conducted before the value assessment of a new health
technology.
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Abstract

Background: Certain types of artificial intelligence (AI), that is, deep learning models, can outperform health care professionals
in particular domains. Such models hold considerable promise for improved diagnostics, treatment, and prevention, as well as
more cost-efficient health care. They are, however, opaque in the sense that their exact reasoning cannot be fully explicated.
Different stakeholders have emphasized the importance of the transparency/explainability of AI decision making.
Transparency/explainability may come at the cost of performance. There is need for a public policy regulating the use of AI in
health care that balances the societal interests in high performance as well as in transparency/explainability. A public policy
should consider the wider public’s interests in such features of AI.

Objective: This study elicited the public’s preferences for the performance and explainability of AI decision making in health
care and determined whether these preferences depend on respondent characteristics, including trust in health and technology
and fears and hopes regarding AI.

Methods: We conducted a choice-based conjoint survey of public preferences for attributes of AI decision making in health
care in a representative sample of the adult Danish population. Initial focus group interviews yielded 6 attributes playing a role
in the respondents’ views on the use of AI decision support in health care: (1) type of AI decision, (2) level of explanation, (3)
performance/accuracy, (4) responsibility for the final decision, (5) possibility of discrimination, and (6) severity of the disease
to which the AI is applied. In total, 100 unique choice sets were developed using fractional factorial design. In a 12-task survey,
respondents were asked about their preference for AI system use in hospitals in relation to 3 different scenarios.

Results: Of the 1678 potential respondents, 1027 (61.2%) participated. The respondents consider the physician having the final
responsibility for treatment decisions the most important attribute, with 46.8% of the total weight of attributes, followed by
explainability of the decision (27.3%) and whether the system has been tested for discrimination (14.8%). Other factors, such as
gender, age, level of education, whether respondents live rurally or in towns, respondents’ trust in health and technology, and
respondents’ fears and hopes regarding AI, do not play a significant role in the majority of cases.

Conclusions: The 3 factors that are most important to the public are, in descending order of importance, (1) that physicians are
ultimately responsible for diagnostics and treatment planning, (2) that the AI decision support is explainable, and (3) that the AI
system has been tested for discrimination. Public policy on AI system use in health care should give priority to such AI system
use and ensure that patients are provided with information.

(J Med Internet Res 2021;23(12):e26611)   doi:10.2196/26611
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Introduction

Recent developments in artificial intelligence (AI) hold
considerable promise for promoting individual health and
well-being, and societal flourishing. Taking medical imaging
as an example, a recent review showed that although the
diagnostic performance of deep learning models is generally
equivalent to that of health care professionals, it may outperform
such professionals in particular cases [1]. Better diagnosis and
early detection may not only enable better treatment but also
lead to more cost-effective public spending. However, the
performance of AI models comes at a cost. The most successful
deep learning models are opaque. The complexity of such
models implies (1) that many aspects of the decision-making
procedure cannot be fully explicated and scrutinized and (2)
that the exact reasoning cannot be replicated step-by-step in
real time [2]. Across all types of AI, it seems that at the moment,
the better-performing models (eg, deep learning models) are
the most opaque [2-8].

The opacity of a medical AI system may concern different
groups in the clinical setting. Thus, there are partly dissociable
transparency and explainability problems in relation to health
care professionals and in relation to patients. If an AI system
and its outputs can be made transparent to health care
professionals, then patients can potentially rely on the trust they
have in those professionals, even if the patients themselves do
not understand the system. However, if there is also a significant
transparency and explainability problem in relation to health
care professionals, both patients and professionals end up in a
situation in which the only possible reliance on trust will be on
trust in the system. This paper primarily investigates this as
seen from a patient perspective.

Opacity is undesirable. The transparency and explainability of
AI decision making to the patient are important for
psychological, scientific, ethical, and democratic reasons.
Psychologically, transparency may increase the understanding
of the AI process and may make it easier to cope with AI
decisions significantly impacting individual lives (eg, receiving
a life-changing diagnosis). Scientifically, transparency may
provide insights into hitherto unknown correlations constitutive
or suggestive of causal mechanisms. Ethically, transparency
may provide a basis for individual self-protection against biased
and discriminatory decisions, decisions based on violations of
privacy, decisions subjecting individuals to unreasonable risks
of harm, etc. Democratically, transparency may unveil the inner
workings of the technology used in specific settings by the state
or other powerful actors to exercise power over citizens, and
thus, it may empower citizens to hold decision makers
accountable through the institutions of democracy.

The importance of transparency and explainability of AI is
widely recognized. Researchers and research institutions, public
committees, and expert groups, as well as private companies,
have in recent years issued guidelines for responsible use of AI,
emphasizing the value of transparency. A recent systematic
review found 84 such guidelines [9]. The authors showed a
remarkable global convergence on the importance of
transparency, but they also exhibited a significant variation in

what transparency is taken to be and requires. The importance
of transparency is recognized in the European Union General
Data Protection Regulation (GDPR), which in Articles 13 and
14 stipulates that if data subjects are profiled, they have a right
to “meaningful information about the logic involved” [10]. A
right to “meaningful information” is, however, rather vague. It
may be interpreted minimally as simply requiring abstract and
generic information about AI involvement in decision making
along the lines of “this decision was partly based on
recommendations made by an automated computer system.” It
may also be interpreted maximally as requiring access to all
aspects of the AI decision making and the ability to reproduce
each and every (significant) step in the decision making. As
noted above, a maximal interpretation would entail that some
of the best-performing systems of AI cannot satisfy the
requirement of transparency.

The need for transparency is also recognized by researchers and
developers of AI systems, and “explainable AI” is an active
research field, and it is probably unlikely that any system would
be implemented in health care without some work having been
done estimating the importance of features such as gender, age,
and ethnicity on the outputs of the system. This is, however,
still not full transparent or explainable.

This paper proceeds from the assumption that there is a real
dilemma here. Maximal transparency of AI systems may come
at the cost of system performance and vice versa. This is not a
conceptually necessary dilemma. New AI architectures may be
invented that satisfy all relevant criteria of transparency and
explainability and at the same time perform better than current
architectures. However, until that happens, there is a balance
to be struck between transparency and system performance. We
believe that an adequate requirement of transparency should
consider individuals’ interests and preferences for performance
and transparency. We therefore studied the relative importance
to citizens of these and other aspects of AI decision making in
health care in the Danish population by performing a conjoint
analysis survey.

Methods

Initial Focus Groups
In this study, 2 focus group interviews were conducted with 5-6
participants in each drawn from Kantar Gallup´s Danish
consumer panel. The participants were a cross section of the
public and ranged from age 27 to 75 years. Both interviews
were conducted in September 2019, and each interview lasted
about 2 hours. The participants were briefly introduced to AI
and were subsequently presented with 2 scenarios revolving
around the use of AI for decision making in health care. They
were asked to discuss each of the scenarios and in particular (1)
the importance of being provided with explanations of the AI
decision making and (2) the trade-off between the accuracy and
performance of AI decision making and being provided with
explanations of the decision making. The groups were asked,
for instance, how important it is to explain how AI reaches
decisions, even if the ability to do so will make the AI decisions
less accurate.
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All interviews were audio-recorded and transcribed verbatim.
The interviews in combination with the literature offered
information that was used to identify 6 aspects that play a role
in the participants’ views on the use of AI in health care: (1)
type of AI decision (ie, whether it is used for diagnostics or
treatment planning), (2) the level of explanation available, (3)
performance and accuracy, (4) responsibility for the final
decision, (5) possibility of bias or discrimination, and (6)
severity of the disease or condition to which the AI is applied.

Design of Survey
Conjoint analysis is a discrete choice survey methodology.
Respondents are asked to make a choice between 2 or more
different options, where each option is described in terms of a
number of predefined attributes, each with a number of levels
(Figure 1). Given a sufficient number of choices per respondent,
it is then possible to statistically estimate the importance of each
attribute and level for the choice in terms of part-worth utilities
[11].

The 6 aspects mentioned above were chosen as attributes for
the conjoint analysis survey. For each attribute, a number of
levels were developed based on the literature. In setting the
lowest level for performance, it was assumed that any AI system
introduced in health care would be known to perform at least
as well as a trained health care professional (see also the
Discussion section later).

The choice sets were generated using the complete enumeration
method in the Sawtooth SSI Web (version 7.0.30) module [12].
The complete enumeration method generates conjoint designs
conforming to the principles of (1) minimal overlap of attribute
levels within a single choice task, (2) level balance across the
set of choice tasks presented to each respondent, and (3)
orthogonality (ie, the levels of different attributes are chosen
independently). In total, 100 unique sets of conjoint choice
questionnaires were generated, each of which was presented to
an approximately equal number of respondents. Each set of
conjoint choice questionnaires contained 12 choice tasks, where
each respondent was asked to choose 1 of 3 options or a “None
of these” option.

Figure 1. An example of a choice task with 3 concepts. AI: artificial intelligence.
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The choice situation was described as follows:

This study is about artificial intelligence (AI). AI is
a way of getting digital technologies to solve complex
tasks. There is, for instance, AI in self-driving cars,
search engines on the web, or the voice assistants in
mobile phones. AI is often based on large data
sources. You can, for instance, train an AI system to
make diagnoses of cataract or melanoma by showing
it many different pictures of eyes or skin with moles.
You can also train AI systems to make suggestions
about treatment of a disease (eg, suggestions for
medication). AI systems have shown themselves to be
quite good at making diagnoses and suggestions about
treatment. However, they also sometimes make errors
or differentiate unjustly between patients. In addition,
it can be difficult to explain how a diagnosis or a
suggestion for treatment has been derived. In what
follows, you will therefore be asked about what you
would prioritize if an AI system was used in the health
care sector to make a diagnosis or suggest a treatment
for you. On the next 12-15 pages, you will be shown
3 different scenarios that all involve the use of AI for
diagnosis and treatment. On each page, you should
choose the scenario that you think is best/you prefer.
If none of the scenarios look good to you, there is an
option “None of these.”

In addition to the conjoint analysis survey, respondents were
asked about demographic data, chronic illness, and recent
contact with the health care system; questions about trust in the
health care system; and questions about fear and hope in relation
to AI in general [13].

Sample
A stratified sample of 1678 potential participants was drawn
from Kantar Gallup’s Danish consumer panel of 53,000 active
members. The sample was designed to be representative of the
adult Danish population. Emails were sent to the potential
participants, inviting them to participate in the study. After 3,
11, and 29 days, nonresponders (ie, those who had not completed
the survey or who had not visited the website hosting the survey)
were reminded by email. After 6, 22, and 31 days,
nonresponders were contacted by SMS.

Of the 1678 potential respondents contacted, 1441 opened the
link to the questionnaire, 1027 completed it fully, and 414
completed it partially. The analysis was based on the 1027

complete answers, giving a response rate of 61.2% (1027/1678).
A sample efficiency analysis calculating the overall concordance
between the respondents and the desired sample characteristics
was performed, considering obtained and desired numbers in
relation to gender, age, geographical region, and level of
education (sum of squares=33.78, df=785, efficiency=88.33%).

Statistical Analysis
The analysis of the conjoint analysis survey deriving the
part-worth utilities of the attributes and levels was performed
by Kantar Gallup. Part-worth utilities were estimated using
Sawtooth CBC/HB (version 5.5.3) to perform a hierarchical
Bayes method estimation, running 190,000 burn-in iterations
and 10,000 draws per respondent. A detailed description of the
hierarchical Bayes method and its implementation can be found
in Ref. [14].

The subsequent statistical analysis was performed using IBM
SPSS Statistics 25. Demographic data were tabulated and
univariate relationships between utilities and respondent
characteristics analyzed using ANOVA with Bonferroni
correction. Ad hoc trust, fear, and hope scales were formed as
simple summative scales from the trust, fear, and hope questions
and validated by Cronbach α. All 3 scales had acceptable α
values of .74-.79. Univariate relationships between utilities and
the 3 scales were analyzed using correlation analysis with
Bonferroni correction.

Results

Major Findings
A total of 521 of 1027 (50.7%) respondents were men and 506
(49.3%) women. The average age was 50.3 years (SD 18.1). Of
the 1027 respondents, 375 (36.5%) indicated that they had a
chronic illness, 830 (80.8%) had visited their general practitioner
(GP) at least once during the past year, and 146 (14.2%) had
been inpatients in a hospital during the past year. The highest
educational level was school or high school for 197 of 1027
(19.2%) respondents, further education for 446 of 1027 (43.4%)
respondents, and university or university college for 384 of
1027 (37.4%) respondents.

The part-worth utilities of the attributes and levels are presented
in Table 1, the responses to questions about trust in health care
and technology, and fear and hope in relation to AI in general
in Table 2, and the relationship between respondent
characteristics and utilities of attributes in Table 3.
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Table 1. Importance of attributes and part-worth utilities of levels.

Level (part-worth utility)Importance (%)Attribute

3.0Type • Diagnostics (0.123)
• Treatment planning (–0.123)

27.3Explanation • Equally explainable as physician’s decision (1.106)
• Not as explainable as physician’s decision (–0.270)
• No explanation available (–0.836)

6.6Performance • System decision significantly better than physician’s (0.267)
• System decision somewhat better than physician’s (0.052)
• System decision equally good as physician’s (–0.319)

46.8Responsibility • Physician responsible for decision (1.900)
• System responsible for decision (–1.900)

14.8Discrimination • System tested for biased decisions (0.602)
• System not been tested for biased decisions (–0.602)

1.5Severity of disease • System use only when less severe disease (0.060)
• System use both when less severe and when very severe disease (–0.060)

Table 2. Respondent trust and opinions about AIa (N=1027).

Don’t know,

n (%)

A lot/certainly,

n (%)

Some,

n (%)

Little,

n (%)

Very little,

n (%)

None/not at all,

n (%)

Opinion

Trust

21 (2.1)424 (41.3)438 (42.6)102 (9.9)35 (3.4)7 (0.7)I have trust in the health care system.

10 (1.0)502 (48.9)412 (40.1)72 (7.0)29 (2.8)2 (0.2)I have trust in physicians.

30 (2.9)313 (30.5)519 (50.5)129 (12.6)32 (3.1)4 (0.4)I have trust in technology.

Fear

174 (16.9)95 (9.3)169 (16.5)251 (24.4)216 (21.0)122 (11.9)I believe that AI will lead to unemployment.

215 (20.9)67 (6.5)181 (17.6)303 (29.5)206 (20.1)55 (5.4)I believe that AI will cause unintentional harm to
humans.

143 (13.9)141 (13.7)241 (23.5)249 (24.2)167 (16.3)86 (8.4)I believe that AI will lead to loss of control to
machines.

125 (12.2)435 (42.4)309 (30.1)106 (10.3)30 (2.9)22 (2.1)I believe that AI will lead to increased data collec-
tion and mass surveillance.

Hope

209 (20.4)55 (5.3)164 (16.0)300 (29.2)180 (17.5)119 (11.6)I believe that AI will lead to more jobs.

225 (21.9)92 (9.0)284 (27.7)243 (23.6)114 (11.1)69 (6.7)I believe that AI will lead to longer lives.

189 (18.4)93 (9.0)265 (25.8)279 (27.2)119 (11.6)82 (8.0)I believe that AI will lead to more quality of life.

275 (26.8)20 (1.9)66 (6.4)232 (22.6)209 (20.4)225 (21.9)I believe that AI will lead to peace and political
stability.

aAI: artificial intelligence.
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Table 3. Respondent characteristics and the importance of attributes.a

Hope scaleFear scaleTrust scaleGPb visits
last year

Inpa-
tient last
year

Chronic
disease

Urban/rural
background

Level of educa-
tion

AgeGenderAttribute
(average
weight)

—————————cType
(0.12268)

• P=.002
• r=–.097

——————————Explana-
tion
(1.10638)

———Perfor-
mance
(0.31895)

••••••• P<.001P<.001P=.003P=.002P<.001P<.001P=.01
• ••••••Md=.337 r=.243r=.170r=.093Most ru-

ral=.271
Lowest
level of
educa-
tion=.179

More
impor-
tant
with
lower
age

• Fe=.300
• Most ur-

ban=.354
• Highest

level of
educa-
tion=.659

—————————Responsi-
bility
(1.90018)

• P=.01
• Most ru-

ral=1.940
• Most ur-

ban=1.792

————————Discrimi-
nation
(0.60190)

•• P<.001P<.001
• •M=.542 r=–.120
• F=.682

———————Severity
of disease
(0.06042)

••• P<.001P=.002P=.01
• ••Lowest

level of
educa-
tion=.122

r=–.168r=–.099

• Highest
level of
educa-
tion=–.226

aNumerical data only shown for cells where there is a statistically significant difference.
bGP: general practitioner.
cNot applicable.
dM: male.
eF: female.

The results in Table 1 show that the physician having the final
responsibility for treatment choice is the most important
attribute, with 46.8% of the total weight being allocated to it,
followed by explainability of the decision (27.3%) and whether
the AI system has been tested for discrimination (14.8%). These
3 attributes accounted for 88.9% of the total weight/importance.

As can be seen in Table 2, the respondents in general trusted
health care and technology; did not particularly fear AI, although
some did; and in general believed that AI will have positive
implications for society.

Table 3 shows that while gender, age, level of education,
whether respondents live rurally or in towns, their trust in health
and technology, and fear and hope regarding AI did influence
the importance they allocated to different attributes, they did
not play a significant role in the majority of cases. The data

shown for the numerical differences between groups and the
correlation coefficients indicate that the statistically significant
findings do not reflect large numerical differences or strong
correlations.

Discussion

Principal Findings
The results of this study are interesting. First, the study shows
that among the respondents, there was a clear order of preference
between AI performance and AI explainabillity. Being provided
with an explanation was the second-most important factor
(27.3%) for the respondents’ choice of preferred AI system,
while performance carried little weight (6.6%) and was ranked
only fourth out of the 6 attributes. However, the study also
shows that the population finds a number of different aspects
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of AI decisions important for their choice of preferred AI system
use. It is not simply a matter of choosing between the
performance and explainability of AI. The single-most important
factor for their choice is how responsibility for a diagnosis or
treatment plan is distributed between physician and AI system.
The respondents placed significant emphasis on physicians
being responsible for health care decisions (46.8%).

The relatively limited role of AI system performance in the
respondents’ preferences arguably reflects the chosen levels of
the performance attribute. We did not in this study include the
possibility that the AI system performs worse or significantly
worse than physicians. This would likely have changed the
overall weight of performance in the respondents’ decisions.
Our design was based on what we believe to be the most likely
future scenario for the implementation of AI in health care, and
this does not include the introduction of AI systems that perform
significantly worse than physicians. Implementing such
suboptimal systems is likely to be resisted by health care
professionals and will in some jurisdictions also be open to legal
challenge. Our study specifically shows that in health care
implementations with AI systems performing at least as well
as physicians, the role of AI system performance in the
populations’ preferences is limited. They are not particularly
interested in getting increased performance if this leads to a loss
of other important features of the AI system. On a more
speculative note, the choice of a nonnumeric description of the
standard of performance (“equally good,” “somewhat better,”
and “significantly better”) may be thought to be less informative
than providing, for instance, the accuracy of the AI system and
physicians as a percentage of correct decisions made, false
positives, false negatives, etc. However, providing the
information about accuracy in percentage terms may be difficult
to understand and may communicate a false sense of precision
in our evaluation of how well a system works when implemented
in a routine health care setting.

Interpreting the respondents’ strong preference for the
explainability of AI decisions in health care is difficult. The
explainability attribute is stated in terms of the degree of
explainability relative to the explanation provided by a
physician, and this entails that little can be said about what kind
of explanation the respondents want or how they understand
explainability. It may be reasonable to assume, however, that
this standard would lead the respondents to expect limits to how
fine-grained explanations of AI decision making can be made
available—just as there are limits to how fine-grained
explanations physicians can provide. Thus, providing patients
with information about each and every aspect of diagnostics or
treatment planning is not the standard of everyday clinical
practice for a number of different reasons, including limits to
the amount of medical information patients may be able to
process and time constraints on the physician-patient encounter.
We believe that the relative standard of explainability is the
simplest and most meaningful way of introducing different
levels of explainability of AI decision making to the
respondents.

There are a number of statistically significant findings of
relationships between respondent characteristics and the weight
given to particular attributes (Table 3). However, when

considering the size of the differences in weighting between the
highest and the lowest group, it is evident that although these
differences are statistically significant, they do not signify a
fundamental change in the ranking of the different attributes.
The negative finding that there are no significant relationships
between the degree of contact with the health service and the
weight given to the different attributes is also important since
it indicates that there is, broadly speaking, no major differences
between patients and nonpatients in their general preferences
in relation to AI in health care.

Table 3 contains 2 further key findings. First, that hope in the
future benefits of AI certainly is a driver of respondents’ views
as to the importance of the attributes. The performance of the
AI system is of greater importance for the hopeful, whereas
testing for discrimination and distinguishing between the use
of AI systems for diagnostics or treatment of less severe or more
severe diseases is of lesser importance. Second, that the
respondents’ views concerning the importance of performance
are influenced by a number of factors. It is significantly more
important for the younger, the educated, the urban, and
respondents with fear or hope concerning a future with AI.

Strengths and Limitations of This Study
The response rate of 61.2% is good for a population survey,
and the sample efficiency analysis shows that the respondents
were similar to the complete sample in relation to the
stratification variables. There is therefore reason to believe that
the findings reflect the views of the wider Danish population.

The choice situation is hypothetical in 2 ways: (1) The
respondents are not in an actual situation demanding a choice
between AI systems, and (2) currently, the level of use of AI
systems for diagnostic and treatment-planning purposes in
Danish health care is not as advanced as the scenarios suggest.
The first of these abstractions is a feature of the conjoint choice
methodology, and the second is a feature of the current level of
penetration of AI in health care. The choice situation is,
however, close to a clinical situation of which many respondents
will have actual experience. For the purpose of deciding a
general policy of transparency of AI health care decision
making, we believe it is important to know the wider
population’s preferences as abstracted from the distress of a
real-life choice situation. A general policy should, however,
consider the diversity of views and preferences of the general
population, including those of patients. Of the 1027 respondents
in this study, 375 (36.5%) indicated that they have a chronic
disease, 146 (14.2%) had been hospitalized within the past year,
and 830 (80.8%) had visited their GP within the past year. Most
of the respondents are thus in regular contact with the health
care system and are used to being involved in decision making
in that context.

Given the rapid developments in AI over the past decade, the
general population’s familiarity with the potential and actual
use of AI systems for diagnostics and treatment planning may
be expected to be low. Even those who realize that the voice
recognition functionality in their phone or tablet relies on AI
processing may not transfer that to the health care context.
Asking for views and preferences in relation to hypothetical
implementations of AI in hospitals therefore is likely to reflect
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more general views and preferences in relation to the
implementation of “a new technology” in health care. These
views and preferences may or may not change as the familiarity
with the technology grows. Potential changes in views and
preferences must be monitored and considered in an ongoing
adjustment of policies. Such changes do not, however, obviate
the need for policy decisions at the current stage of AI
development and use in health care.

This entails that it is important that the choice situation be
described in a way that does not introduce overt bias, especially
in relation to the features of AI that are the attributes of the
options in the choice task. There are 2 elements of our choice
task that could potentially introduce bias. The first, which we
discussed above, is that the performance of AI is compared to
the performance of a physician and that choices therefore to
some extent depend on the respondents’perception of the typical
performance of physicians. The second is our description of the
transparency and performance of AI systems. We wrote, “AI
systems have shown themselves to be quite good at making
diagnoses and suggestions about treatment. However, they also
sometimes make errors or differentiate unjustly between
patients. In addition, it can be difficult to explain how a
diagnosis or a suggestion for treatment has been derived.” This
is a true description of current and near-future AI systems in
health care and is not overtly biased. As all short descriptions,
it can be made longer and complete in various ways, but putative
proponents or opponents of AI in health care are likely to look
for different additions and likely to point to different real-world
examples, for instance, in relation to the risk of bias and
discrimination. We cannot rule out bias, partly because there is
no yardstick for a “neutral description,” but we would argue
that the risk of bias is low.

This study was conducted in the Danish population and may
not be representative of other populations. Further studies are
required.

Previous Empirical Research
A number of studies on the broader public’s perceptions of
automated decision making and AI as such have been conducted
in recent years [15-18]. Of particular interest is a recent study
on the relative weight of 3 AI features (performance,
explainability, and the effort required for
implementation/training) for industry experts’ choice of a
preferred AI decision support system for high-stake maintenance
of airplane turbines. The study found that performance is, by
far, the most important factor (0.61), whereas explainability
(0.20) and effort (0.19) are on a par [19]. Although the study
explores the relative weight of AI system features for decisions
of a group of experts, it does not report the wider public’s
perceptions. Moreover, it includes a limited set of features, and
it is outside the health care context studied in this article.

Studies of perceptions of AI use in the medical context have
taken different approaches. Some have studied the perceptions
of AI use among health care professionals [20-23]. We focused
here, however, on the public or patient perceptions of AI in the
health care context. Overall, the studies on public or patient
perceptions report a strong confidence in and acceptability of
AI system health care use in the diagnostic context [24-30].

However, most studies also find that the respondents have higher
confidence in physician diagnostics and prefer implementations
of AI in medical care, with AI playing a decision-supportive
role [24,25,27,28]. Several studies indicate that respondents
have a strong interest in the performance or accuracy of AI
diagnostic systems [28,31]. One study reports a marked
difference in respondents’ confidence between AI use for
diagnostic and treatment decision purposes, with a significant
lower confidence in the latter [25]. A study of factors driving
the perceived risks of AI clinical device use concludes that
perceived uncertainties about performance, concerns about
potentially reduced communication with physicians, perceived
untrustworthiness of AI, perceived lack of regulatory standards
for evaluating the safety and impact of AI, and concerns about
liability issues are significant drivers of the perceived risk [31].
Notably, the study also finds that privacy concerns and concerns
about social biases and discrimination do not significantly
impact the perceived risk of AI clinical device use [31].
Although these previous studies concern perceptions of several
features of AI health care use, none of them investigate public
perceptions of the importance of AI explainability and
perceptions of the relative weight of features of AI decision
making in health care. Most of the findings are, however,
compatible with our findings.

Policy Implications: The Use of AI in Health Care and
Requirements of Transparency
Deciding issues of public policy cannot be done entirely on the
basis of individual or population preferences. Various other
ethical, legal, professional, and political concerns must be
considered. There are, however, at least 2 reasons for
considering individual and population preferences. First, the
principle of respecting and promoting individual autonomy is
usually taken to entail that it counts in favor of an action or a
policy if it provides individuals with an opportunity to protect
and pursue their interests. Second, the ideal of representative
democracy is usually taken to entail that in deciding public
policies, decision makers should represent the interests of the
people. Designing public policy partly on the basis of population
preferences, as mapped in this conjoint analysis survey, is a
way of considering individuals’ interest at an aggregate level.

This study is of relevance for policies concerning the
implementation of AI in health care. The study suggests that
AI systems will be found acceptable and can be used for both
diagnostic and treatment-planning purposes regardless of the
severity of the medical condition if the system has been tested
for discrimination, if decisions can be explained to the same
extent as physicians’ health care decisions, if the physicians are
ultimately responsible for the health care decisions, and if the
performance of the AI system is at least as good as that of
physicians.

The study also has some implications for the question of the
transparency of AI decision making in health care. The study
clearly shows that a requirement of transparency cannot be
dismissed on the grounds that in the eyes of the population,
performance is the only significant concern. On the contrary,
the population not only takes explainability to be considerably
more important than performance, but it also puts significant

J Med Internet Res 2021 | vol. 23 | iss. 12 | e26611 | p.1300https://www.jmir.org/2021/12/e26611
(page number not for citation purposes)

Ploug et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


emphasis on other aspects of AI decision making. The mere
fact that all aspects of the use of AI were considered somewhat
important by the respondents could be taken to support the view
that the transparency of AI decision making in health care should
concern more than the narrow explainability of the AI decision.
Transparency should also be a matter of providing patients with
information about responsibility and testing for discrimination,
performance, and the character of the use of AI.

Taking a more comprehensive approach to transparency fits
recent writings on the ethics of transparency of AI use in health
care. Thus, it has been argued that transparency in relation to
AI-based diagnostics and treatment planning is a matter of
providing patients with information that will enable them to
effectively contest these decisions [32]. This includes
information not only about the key indicators behind an
AI-generated diagnosis or treatment plan but also about the
performance of AI, bias testing, and the distribution of
responsibility between physicians and AI systems.

Conclusion
This paper proceeded from the assumption that AI system
performance and AI explainability/transparency are potentially
in conflict. Currently, the decision making of the

best-performing deep learning models cannot be fully scrutinized
or replicated step-by-step. We believe this tension must be
resolved in and through appropriate policy making, and we have
argued here that an appropriate policy should consider the
population’s interests in and views concerning AI system
features, such as performance and explainability/transparency.
The findings of the choice-based conjoint survey reported in
this paper are that if an AI diagnostic system does not perform
any worse than a physician, then the 3 factors that are most
important to the public are, in descending order of importance,
(1) that physicians are ultimately responsible for diagnostics
and treatment planning, (2) that the AI decision support is
explainable, and (3) that the AI system has been tested for
discrimination. A policy of AI system use in the health care
setting should give priority to AI systems that can meet these
requirements and should provide patients with information about
the division of labor and responsibility between physicians and
the AI system, the key explanatory factors in the AI system
decision making, and the bias testing of the AI system. However,
this study links the notion of AI explainability to the
explainability of physicians’ decision making. How AI system
explainability can be achieved in a way that makes it relevantly
similar to physician decision making is an obvious avenue for
further research.
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Abstract

Background: Self-monitoring food intake is a cornerstone of national recommendations for health, but existing apps for this
purpose are burdensome for users and researchers, which limits use.

Objective: We developed and pilot tested a new app (COCO Nutritionist) that combines speech understanding technology with
technologies for mapping foods to appropriate food composition codes in national databases, for lower-burden and automated
nutritional analysis of self-reported dietary intake.

Methods: COCO was compared with the multiple-pass, interviewer-administered 24-hour recall method for assessment of
energy intake. COCO was used for 5 consecutive days, and 24-hour dietary recalls were obtained for two of the days. Participants

were 35 women and men with a mean age of 28 (range 20-58) years and mean BMI of 24 (range 17-48) kg/m2.

Results: There was no significant difference in energy intake between values obtained by COCO and 24-hour recall for days
when both methods were used (mean 2092, SD 1044 kcal versus mean 2030, SD 687 kcal, P=.70). There were also no significant
differences between the methods for percent of energy from protein, carbohydrate, and fat (P=.27-.89), and no trend in energy
intake obtained with COCO over the entire 5-day study period (P=.19).

Conclusions: This first demonstration of a dietary assessment method using natural spoken language to map reported foods to
food composition codes demonstrates a promising new approach to automate assessments of dietary intake.

(J Med Internet Res 2021;23(12):e26988)   doi:10.2196/26988

KEYWORDS

energy intake; macronutrient intakes; 24-hour recall; machine learning; convolutional neural networks; nutrition; diet; app; natural
language processing

Introduction

National recommendations encourage self-monitoring of energy
intake to support healthy weight management [1-3]. Mobile

phone–based apps are widespread and include features like food
imaging and portion guides [4-6]. However, none of the
available apps appear to be more accurate or decrease user
burden compared with earlier methods [7], and high user burden
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combined with limited accuracy are major barriers to routine
use. Moreover, high user burden is associated with modifications
to usual eating habits that result in atypical energy and nutrient
intakes during the measurement period [8].

The use of speech understanding technology for the assessment
of food intake is in its infancy but has tremendous potential to
reduce the burden of dietary assessment and increase method
accuracy, in particular when combined with technologies to
map reported foods to their appropriate food composition code
for automated nutritional analysis. We have developed an app
called COCO (Conversational Calorie Counter) Nutritionist [9],
which combines natural spoken language with machine learning
to enhance the capture of self-reported dietary intake and map
it to food codes in widely used food databases. The primary
goal of this study was to conduct a feasibility study evaluating
COCO for measurement of energy intake compared to a
recommended method [10].

Methods

Overview
This paper describes the first evaluation of COCO for automated
self-reported dietary intake. The evaluation was conducted by
nutrition research staff at the Jean Mayer USDA Human
Nutrition Research Center on Aging at Tufts University in
Boston, Massachusetts, with data collection and analysis
implemented by individuals who had no role in the development
of COCO.

COCO Nutritionist
COCO was developed primarily by two members of the research
team (JG and MK) in collaboration with the nutrition researchers
(SBR, SKD, and CG). A detailed description of the development
of the app is provided in Multimedia Appendix 1. Briefly,
COCO uses machine learning, specifically deep convolutional
neural networks (CNN) [9], to accomplish two tasks: (1) tag
each word in a user’s natural language description of an eating
event as a specific food/drink, with its quantity and brand name
and/or description [11]; and (2) map each food item to a
matching entity in one of several national food databases [12].
The databases used were the United States Department of
Agriculture standard reference and branded foods [13], the
University of Minnesota database [14], foods scraped from
restaurant websites, and the Nutritionix database [15]. A
front-end iOS app [16] makes calls to a back-end Python Flask
[17] server that runs the trained CNN models.

Food database measuring units (eg, cup) and amount units (eg,
1, 2) are ranked using string matching. For example, if the user
says “cup,” it will rank the unit “cup” as the top match. If there
are no exact matches, then it defaults to the unit that the user
logged for that food item most often previously; if the user never
ate that food before, then it defaults to the most popular unit
logged by all users. Each user’s food logs are stored in a
PostgreSQL [18] database on Amazon Web Services [19]. Thus,
a user’s subsequent logs are customized such that the paired
food codes and amounts of user-described foods they have eaten
previously are ranked higher or at the top. The input is a spoken
or written meal description (eg, “For dinner, I had a bowl of

chili with cheddar cheese”). The output is a list of top-15
matching database foods per tagged food item (ranked according
to the dot product similarity scores between a vector representing
the user's description of the food they ate and a vector
representing each food database entry), along with their ranked
quantities (ranked according to keyword matching), predicted
number amount (eg, 1, if the user logged “a cup”), and
corresponding nutrition facts from the selected nutrition
database, calculated for each food item. If there are duplicates
for foods in different databases, the current system will return
both, ranking based on matching the wording in the database
versus the user’s language.

Participants implicitly confirmed the top-1 food code and food
amount proposed by COCO, by not making any changes, or
they picked a more suitable food code from the database if the
top food code was not the right match, by scrolling through a
list of 15 options. If none of the presented options were a good
match, participants could delete the food and repeat. A similar
process was used for food amounts.

Evaluation of Participants and Informed Consent

Participants and Informed Consent
The research protocol for evaluation of the new COCO app was
reviewed and approved by the Tufts Health Sciences
Institutional Review Board, and informed consent was obtained
from each participant prior to enrollment. In total, 35 participants
were recruited using flyers, word of mouth, and emails to a
mailing list of individuals requesting to be contacted about
nutrition research study opportunities or expressing interest in
the app. To be eligible, participants had to be at least 18 years
old and generally in good health. Individuals were ineligible if
they did not have an iPhone with iOS 10.2 or higher, were
unwilling to log their food intake for 5 consecutive days and
complete 2 diet recalls, or had a graduate degree in nutrition.
Enrollment occurred between June 2018 and June 2019.

Evaluation Protocol
We developed an evaluation protocol for the COCO prototype
that was consistent with recommendations for development of
new food intake assessment tools [20]. Participants were
enrolled in a 5-day study, and completed all components
remotely. They were provided with a written overview of the
study, including instructions on how to download and use the
COCO app, as well as a short video providing tips on use.
Participants were asked to use COCO to record the amounts
and types of all consumed food and drinks for 5 consecutive
days. The recording of intake could be completed using natural
spoken language utterances or manual text entry. If a day of
recording was missed, they were asked to log an additional day
to complete a total of 5 days of entries. A member of the
nutrition team (ST) called participants to schedule 2 calls for
the 24-hour food recalls (one per day) on day 3 and later. The
diet recalls were rescheduled if the previous day’s food logging
was missed. Each 24-hour dietary recall took approximately an
hour to complete. Following completion of both diet recalls,
participants were instructed to complete food logging for the
remainder of the study.
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The diet recalls used the recommended multiple-pass
interviewer-administered method [10], and started with an
uninterrupted listing by the participant of all foods and beverages
consumed the previous day. In addition, the interviewer went
through a forgotten foods list, querying the subject on categories
of foods that have been documented as frequently forgotten,
followed by a final probe listing all the food items consumed,
confirming details of the food and serving sizes. A standard
food amount booklet [21] was used to assist in portion size
estimation of consumed foods. It has eight sections: (1) the
forgotten foods list, (2) glasses and mugs, (3) bowls, (4) mounds,
(5) circles, (6) grid and thickness blocks, (7) wedges, and (8)
shapes and chicken pieces. The 24-hour diet recalls were
analyzed using Food Processor (version 10.13.1; ESHA
Research Inc).

Demographic questions were also completed by participants,
including for age, sex, race, ethnicity, education, weight, and
height. A study satisfaction survey on the use of the app was
sent to participants to complete at the end of the study, and a
US $20 gift card was mailed to their home address.

Analysis
Data from COCO on energy and macronutrient intakes by study
day, amounts of information collected via text versus voice data
capture, and percentage of food codes proposed by COCO and
revised by participants were captured by the Massachusetts
Institute of Technology development team without access to
the 24-hour dietary recall data, and provided to the Tufts team
for statistical comparison of the methods.

Data for the two days when both methods were performed were
averaged for each method. Reported mean energy intakes and

percent of energy from protein, fat, carbohydrate, and alcohol
were compared between the two methods using paired samples
t tests and Pearson correlations. In addition, for the COCO data
obtained over 5 days, the time-distributed effects of energy
consumption were evaluated in relation to the sequence of recalls
and the day of the week using multiple pairwise comparisons
of means with a Bonferroni correction. For comparisons across
the number of recalls, we also used multiple comparisons of
means, as well as simple linear regression with and without
adjusting for weekday versus weekend effects, to examine time
series trends in average energy consumption by the numbered
recall performed.

All tests were performed for biologically plausible observations,
defined a priori as 2-day average energy consumptions <5000
kcals (1 participant was excluded for implausibility). Analyses
were performed using STATA (release 15; StataCorp LLC).
The significance level was set at α≤.05.

Results

Participants were 25 females and 9 males with a mean age of
28 (range 20-58) years, and mean BMI of 24 (range 17-48)

kg/m2 (Table S1 in Multimedia Appendix 1). When comparing
the 2-day averages of COCO and 24-hour recall, we found no
significant difference in energy intake (mean 2092, SD 1044
versus mean 2030, SD 687 kcal/d; P=.70) or percent energy
from protein (mean 16, SD 3 versus mean 17, SD 5; P=.54), fat
(mean 35, SD 9 versus mean 36, SD 11; P=.27), or carbohydrate
(mean 50, SD 11 versus mean 50, SD 9; P=.89) between the
2-day comparison of COCO and the 24-hour recall method
(Table 1).

Table 1. Energy and macronutrient intakes and number of eating events reported with COCO Nutritionist and 24-hour recall (mean of the same two

days for each method).a

P valueCOCO Nutritionist (N=34), mean (SD)24-hour recall (N=34), mean (SD)Variables

.702092 (1044)2030 (687)Energy intake, kcal/day

.5416 (3)17 (5)Percent energy from protein

.2735 (9)36 (11)Percent energy from fat

.8950 (11)50 (9)Percent energy from carbohydrate

.374 (1)4 (1)Number of meals and snacks

aPaired t tests were used to compare energy and macronutrient intakes across methods.

Mean values were very similar between the methods, as was
the number of reported eating events (meals and snacks). On
average, there were 4 items in the 24-hour recall that were not
reported in COCO (components of composite food items and
beverages), and 2 items in COCO that were not reported in the
24-hour recall (snacks, candy, and beverages), reflecting in part
the different ways that composite foods (eg, a hamburger,
consisting of meat, bread, and other items) were processed by
the two methods. There were also significant Pearson
associations between 2-day averages of COCO and 24-hour
recalls for percent energy from protein (ρ=0.66; P<.001),
carbohydrate (ρ=0.58; P<.01), and fat (ρ=0.38; P=.03), with

R2 values of 0.119-0.438 (Figure S1 in Multimedia Appendix
1).

As shown in Figure 1, there was no significant trend over time
in reporting of total energy by COCO (P=.69), which remained
insignificant when controlling for weekend versus weekday
effects (P=.73). We additionally evaluated how participants
entered data, and the accuracy of mapping foods to appropriate
food codes. Most foods were logged by typing rather than by
speaking (Table 2). Similar ratios of spoken and written
descriptions contained mentions of brands or preparation
technique, and the percentage was relatively low at ~15%.
Spoken meal descriptions were more likely to mention the units
of foods (36.1% versus 24.4%). Furthermore, because the editing
function of COCO allowed for participant revision of the food
type, brand, or description and unit amount (ie, 1, 2, or 3 cups),
how often participants revised the COCO-suggested option was
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also tracked (8.1% of the time for food name/description/brand and 27.9% of the time for unit amount).

Figure 1. Energy intake reported over 5 consecutive days through COCO Nutritionist (n=34). There was no significant trend in energy intake reporting
(P=.19).

Table 2. Comparison of the food entities logged with spoken versus written natural language in COCO Nutritionist.a

WrittenSpokenVariables

7.061.38Mean number of foods logged per person per day

71.628.4Total of all logged foods, %

15.015.6Mean percentage of foods with specified brands/preparation method

22.130.7Foods with quantities, %

99.9100Food code identified correctly in default option, %

84.183.5Food measuring unit (eg, cup) identified correctly in default option, %

84.774.5Food amount unit (eg, 1, 2) identified correctly in default option, %

aFood code, units, and amounts measured correctly at first try are defined as the user not changing the default.

Discussion

Principal Findings
This study demonstrates that an app using natural spoken
language to capture participant self-reports can be combined
with automatic mapping of identified foods to information on
food composition in national databases to generate estimates
of mean self-reported energy and macronutrient intakes—and
of the number of meals and snacks eaten—that are not
significantly different from those obtained with the
gold-standard multiple-pass, interviewer-administered 24-hour
recall method. In addition, the lack of any negative trend in
reported energy intake by the new COCO app across the 5-day
study period was a positive indication that participants were
able to complete their reporting without undue burden. To our
knowledge, this is the first report of using natural spoken
language to collect dietary data in a process that allows for
mapping of collected information to food codes to support
automated nutrient analyses. Although the data are preliminary,

they suggest that this new approach may facilitate accurate,
low-cost, and lower-burden methods for dietary tracking for
health and weight management.

Comparison With Prior Work
A crucial aspect of this work was demonstration that data
collected with natural spoken language can be automatically
mapped to a suitable food code in national food databases,
something that has not been done previously and allows for
automated and instantaneous calculation of dietary intake. This
novel feature of COCO will reduce the cost and user burden of
dietary assessment, and distinguishes it from previous work
using natural spoken language that had a dietician assign food
codes to each consumed food [22]. Our demonstration of a
relatively low percentage of revisions in the default mapping
of collected information to food codes and portion sizes suggests
that systems combining voice recognition and writing allow for
flexibility in participant use, which may in turn enhance
acceptance and sustainable use.
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Limitations
Limitations of the study include a relatively small number of
features in the COCO app, compared to fully developed apps
that include food photography. In addition, the comparator
method was self-reported dietary intake by 24-hour recall, which
is considered a gold standard for dietary reporting but
nevertheless may not reflect absolute dietary intakes. The
population sample was relatively small in this first study, and
one participant was excluded from data analyses for implausible
reporting. Additional work is needed to further refine COCO
and to compare collected data with dietary intake of known
origin.

Concerning future improvements in COCO focused on making
the system as helpful and low-burden as possible, a next step
would be to implement a more sophisticated chatbot that can
provide personalized food recommendations [23]. For example,
the agent could respond if the user asks a question such as “How
many calories are in a cup of milk?” or “How many grams of
fat have I eaten today?” and recommend foods based on which
nutrients the user is missing and their diet preferences. If the
user is low in iron, the system could recommend, for example,
spinach or steak (both foods high in iron), depending on prior

food choices. In addition, taking photos of meals, which is
simpler for some users than verbal logging, could provide
complementary information to that provided by natural
language. Multitask learning research has shown that neural
networks trained on multiple input sources and prediction tasks
(eg, one side may take an input image, while the other takes an
input sentence) have improved performance on both modalities
over using each separately [24]. Diet apps use computer vision
already; however, to our knowledge, no one has combined
language understanding with computer vision.

Summary
Self-monitoring food intake is a cornerstone recommendation
in lifestyle interventions for weight management. However,
self-monitoring food intake is burdensome with current apps,
and frequently inaccurate. This first demonstration of using
natural spoken language to map reports of food intake to food
composition codes in national food databases and generate
automatic assessments of dietary intake demonstrates a
promising new approach to substantially reducing user and
investigator burden in assessment of dietary intake while
supporting the accuracy of reported data.
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Abstract

Background: Academic literature highlights blockchain’s potential to transform health care, particularly by seamlessly and
securely integrating existing data silos while enabling patients to exercise automated, fine-grained control over access to their
electronic health records. However, no serious scholarly attempt has been made to assess how these technologies have in fact
been applied to real-world health care contexts.

Objective: The primary aim of this paper is to assess whether blockchain’s theoretical potential to deliver transformative benefits
to health care is likely to become a reality by undertaking a critical investigation of the health care sector’s actual experience of
blockchain technologies to date.

Methods: This mixed methods study entailed a series of iterative, in-depth, theoretically oriented, desk-based investigations
and 2 focus group investigations. It builds on the findings of a companion research study documenting real-world engagement
with blockchain technologies in health care. Data were sourced from academic and gray literature from multiple disciplinary
perspectives concerned with the configuration, design, and functionality of blockchain technologies. The analysis proceeded in
3 stages. First, it undertook a qualitative investigation of observed patterns of blockchain for health care engagement to identify
the application domains, data-sharing problems, and the challenges encountered to date. Second, it critically compared these
experiences with claims about blockchain’s potential benefits in health care. Third, it developed a theoretical account of challenges
that arise in implementing blockchain in health care contexts, thus providing a firmer foundation for appraising its future prospects
in health care.

Results: Health care organizations have actively experimented with blockchain technologies since 2016 and have demonstrated
proof of concept for several applications (use cases) primarily concerned with administrative data and to facilitate medical research
by enabling algorithmic models to be trained on multiple disparately located sets of patient data in a secure, privacy-preserving
manner. However, blockchain technology is yet to be implemented at scale in health care, remaining largely in its infancy. These
early experiences have demonstrated blockchain’s potential to generate meaningful value to health care by facilitating data sharing
between organizations in circumstances where computational trust can overcome a lack of social trust that might otherwise prevent
valuable cooperation. Although there are genuine prospects of using blockchain to bring about positive transformations in health
care, the successful development of blockchain for health care applications faces a number of very significant, multidimensional,
and highly complex challenges. Early experience suggests that blockchain is unlikely to rapidly and radically revolutionize health
care.

Conclusions: The successful development of blockchain for health care applications faces numerous significant, multidimensional,
and complex challenges that will not be easily overcome, suggesting that blockchain technologies are unlikely to revolutionize
health care in the near future.

(J Med Internet Res 2021;23(12):e24109)   doi:10.2196/24109
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Introduction

Background
In recent years, distributed ledger technologies commonly
referred to as blockchain have generated considerable interest
and excitement across many industries, including health care,
supported by claims of their radically disruptive and
transformative potential. Academic literature focusing on
blockchain’s potential to solve health care problems has
proliferated [1-7]. Although scholars have identified many
possible applications of blockchain in health care [8],
blockchain’s perceived value ultimately rests on its potential to
create a highly secure, tamper-proof, auditable electronic ledger
that can enable responsive, fine-grained, and privacy-respecting
access to and sharing of health care data. Accordingly,
blockchain is often portrayed as a technological solution that
can overcome existing barriers to health information exchange
[8], one of the most stubborn challenges that continues to plague
contemporary health care [9]. Blockchain advocates claim that
these technologies will generate higher quality, more
trustworthy, and readily accessible data, which can drive
improvements across health care [10]. These improvements
would then lead to (1) better quality medical care, including
improvements in clinical decision-making and more effective
public health management and disease prevention [11]; (2) more
efficient, cost-effective, and timely health care administration;
and (3) improvements in medical and health care research,
resulting from more accurate and secure clinical trial data
management and storage [12]. In particular, many believe
blockchain will enable fine-grained, patient-controlled access,
sharing, and management of electronic health records (EHRs),
thereby overcoming existing problems associated with the
current siloed approach to the storage and management of patient
data, which is often regarded as blockchain’s favorite use case
for health care [13,14].

The Blockchain for Health Care Promise: Rhetoric or
Reality?
However, expecting blockchain technologies to provide an
effective, efficient, patient-centered solution to the multiplicity
of problems associated with health care data management and
sharing is a tall order. This was one of the expected benefits of
EHRs; however, despite their widespread take-up in health care
settings, ethically sensitive, lawful, timely, and secure sharing
and management of health care data remain a critical but
seemingly intractable challenge [9,15,16]. Academic literature
concerned with health care applications remains overwhelmingly
centered on blockchain’s potential, focusing on identifying the
possible range of benefits that could be delivered. However, no
serious scholarly attempt has been made to assess the extent to
which these technologies have in fact been applied to real-world
health care contexts and with what consequences, with little
attention paid to real-world implementation challenges [17]. In

short, academic scholarship remains largely speculative
(Multimedia Appendix 1 [1,3,7,18]).

Technical Dimensions of Blockchain Technologies

Overview
To identify what blockchain technologies can and cannot
realistically deliver, it is necessary to understand what these
technologies are and how they function. Although computer
security specialists ascribe a particular technical meaning to
blockchain technologies, they are understood in a much looser,
broader sense for the purposes of this study. In this paper,
blockchain technologies refer to a time-stamped database,
duplicated across a distributed network of computers (each
computer in the network is called a node), which is configured
such that its technical architecture and operation effectively
prevent the rewriting and removal of prior entries. At a basic
level, blockchains enable a community of users to record
transactions (ie, an interaction between parties) in a shared
ledger such that, under the normal operation of the blockchain
network, no transaction record can be altered once published.
These systems can, as the Bitcoin blockchain demonstrates,
enable transactions between strangers without the need for a
conventional trusted third-party intermediary, such as a bank
or government. Instead, transactions between parties with no
pre-existing relationship of trust are enabled by 4 key
characteristics of blockchain technologies [19].

Ledger
The technology relies on an append-only ledger to provide a
complete transactional history, which, because of its
technological design, is almost impossible to amend or alter.
This differs from a traditional database in which transactions
and entries can be altered or overridden.

Tamper-Proof
Blockchains use cryptographic methods that rely upon
mathematical consensus to confirm the consistency and technical
authenticity of each transaction’s digital record, which is then
permanently recorded on the ledger and cannot be altered or
deleted. The security and accuracy of the ledger are maintained
through the use of cryptographic keys and signatures that
automatically control who can do what with the ledger. If
conflicts between different copies of the database arise (eg,
because someone is trying to tamper with the data), the
automatic consensus mechanism is designed to ensure that only
transactions that are consistent with the earlier, stored version
of the database are updated and permanently recorded.
Distributed ledger systems that take the blockchain form
aggregate transactions into blocks, and these are added to a
chain of existing blocks using a cryptographic signature (hence
the name blockchain). As the data stored on the ledger can be
mathematically attested and cannot be tampered with, it is highly
secure.
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Shared
A copy of the ledger is replicated and shared across multiple
participating nodes, providing transparency across the node
participants in the network.

Distributed
As more nodes are added across the network, the ledger becomes
increasingly resistant to malicious attacks because it becomes
more difficult to interfere with the intended operation of the
consensus protocol through which transactions are validated
and appended to the ledger. The resilience of the ledger is rooted
in its distributed nature. In contrast, conventional databases are
based on a centralized, hierarchical design, thus creating a single
point of failure.

Blockchain systems can be designed to operate in many ways
because of the malleability of the software and protocols through
which they are configured. Blockchains may be permissionless
or permissioned, referring to who is entitled to become a
network node. Within permissionless blockchain networks,
anyone with a computer that has sufficient computing capacity
can download the software and participate in the consensus
process, storing and updating the shared ledger (referred to as
write access) without needing permission to do so. As write
access is open to all for permissionless blockchains, anyone can
also read or otherwise inspect the ledger. In contrast,
permissioned blockchains restrict write access: only those
granted advance permission by the relevant authority within the
network can participate in the consensus process through which
the shared ledger is updated and stored. For permissioned
blockchains, the ability of others to read and inspect the ledger
may be open to anyone or can be restricted or closed so that
only those with authorized access may read its contents.
Permissioned blockchains can provide similar functionality to
permissionless blockchains but are considerably less
computationally demanding. As participating nodes must first
be identified and authorized before joining a permissioned
network, this provides an assurance of trust across the network,
backed by the threat that write access can be withdrawn from
misbehaving nodes. As a result, consensus models applied
within permissioned blockchains need not provide the same
high levels of mathematical and computational security.
Therefore, they offer faster performance and are computationally
less expensive [19].

The elasticity and malleability of blockchain systems, including
the variety of different forms and functionalities that they can
offer, has resulted in considerable variation in the way the term
blockchain is used, particularly in discussions about blockchain
for health care. The very broad definition of blockchain adopted
here reflects the health care sector use of the term, encompassing
any sociotechnical system that uses a distributed, append-only
database that relies on cryptographic methods to verify and
validate transactions before they are added to the ledger,
including both permissioned and permissionless systems, which
include distributed ledger technologies that do not aggregate
and store data into linked blocks [13].

Aims, Objectives, and Research Questions
The aim of this study is to critically investigate the health care
sector’s engagement with blockchain technologies to date,
analyzing those experiences from a theoretical,
cross-disciplinary perspective to ground a more realistic
appraisal of the potential benefits, difficulties, and implications
of implementing blockchain in health care settings. This
investigation was animated by the following research questions:

1. To what extent and in what ways have blockchain
technologies been taken up in the health care sector?

2. What are the primary real-world opportunities and
challenges that blockchain technology generates in health
care contexts?

3. What are the prospects of blockchain take-up and
implementation in health care settings to solve real-world
problems in the short to medium term?

Taken together, these questions can be amalgamated into a
single overarching research question: what does health care’s
actual experience of blockchain technologies to date reveal
about the technologies’ real revolutionary potential [20]?

This paper proceeds by outlining the study’s design, data
sources, analytic approach, and theoretical foundations. It then
sets out its findings by first providing a qualitative overview
and explanation of the extent to which blockchain technologies
have been taken up in the health care domain. Second, it offers
a critical examination of a series of multidimensional challenges,
organized thematically, that constitute (or are likely to
constitute) very substantial hurdles that must be overcome if
blockchain is to be widely taken up in health care settings.
Finally, it discusses these challenges in light of the most
promising opportunities for generating real value in health care
settings and suggests that the use of blockchain to provide
fine-grained patient control over medical records is unlikely to
live up to its perceived promise.

Methods

Study Design and Data Sources
The mixed methods study reported in this paper forms the major
component of a Wellcome Trust–funded cross-disciplinary
project aimed at understanding the challenges, risks,
opportunities, and experiences of the health care sector in using
blockchain technologies. It took the form of a theoretical
investigation, building upon the initial research study by
Motsi-Omoijiade and Kharlamov [21] that sought to identify
and map evidence of real-world engagement with blockchain
technologies in the health care sector, classifying them according
to their context of application (as patient care support,
administration, or research data management), level of maturity,
and the primary geographic region from which the application
appeared to originate. The integrated catalog of health care
blockchain applications and use cases created in that study
provided a snapshot of the state of health care blockchain
take-up on November 30, 2019. It identified 128 applications,
referring to real-world instances in which blockchain technology
has been developed into a commercially viable health-related
service created largely from a web-based review of English
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language websites, gray literature, and academic papers
(Multimedia Appendix 2 [21-28]). This study builds on the
results of that earlier mapping and classification exercise by
drawing on 2 focus group investigations and a series of iterative,
in-depth, theoretically oriented desk-based investigations.

Focus Group Workshops
The 2 focus group discussions were organized in which a mix
of both academic researchers and blockchain-for-health care
sector experts participated. The first workshop, hosted at the
outset of the project, was designed to generate insights that
could inform and guide the direction of the study’s inquiries
and help understand the current state of health care sector
engagement and experience with blockchain technologies for
specific health care purposes. The second workshop occurred
toward the end of the study. Its aim was to share the provisional
study findings with participants to elicit their critical feedback
and provoke discussion. The focus group participants were
identified and invited with the aim of bringing wide-ranging,
relevant expertise to the discussion, given the project’s aim of
adopting a multidisciplinary perspective to address the project’s
research questions. This approach to recruitment reflects a belief
that technical, legal, ethical, management, clinical care, and
health service industry knowledge and experience would be
needed to successfully apply blockchain to real-world settings.

The participant invitation list was compiled from the principal
investigator’s existing knowledge of academic experts with
existing or related interests in blockchain from several
disciplinary backgrounds, combined with a light touch review
of recent academic and digital health care industry publications
to identify key health care sector experts with direct and ongoing
experience in seeking to apply blockchain technologies to health
care. This initial list was supplemented by the use of snowball
sampling techniques (asking each academic and industry invitee
to nominate 1 or 2 colleagues) to identify others with relevant
expertise. The specific composition of the workshops differed
in light of their different objectives and participant availability:
the initial workshop comprised more academics than industry
experts, whereas the final workshop was attended predominantly
by industry experts relative to academics (Multimedia Appendix
3).

Desk-Based Review and Theoretical Investigation
The project’s theoretical, desk-based investigations primarily
drew on 2 data sources. First, the investigations drew from a
wide variety of academic literature from multiple disciplinary
perspectives, including computer science, computer security,
digital health, organizational management, operations research,
medical law, data protection law, medicine, medical sociology,
and innovation studies. Given that relatively little information
about health-related blockchain projects is publicized via
academic journals [29], and existing scholarly literature on
blockchain in health care settings has not hitherto been
concerned with real-world engagement and experience, relevant
academic sources were identified by deductive critical reflection.
This entailed developing and refining a series of thematically
focused investigations aimed at acquiring a deeper, more
fine-grained, cross-disciplinary understanding of the major
issues and challenges that would invariably confront those

endeavoring to apply blockchain to health care settings. These
included matters of data security and integrity, health
information technology (IT) implementation, user resistance,
internal and external governance, interoperability, organizational
management, and data privacy. Second, gray literature
(including observations and reflections from those with direct
experience of the health sector’s engagement with blockchain
to date) provided a vitally important source of insight, given
that the published scholarly literature represents only a small
snapshot of global blockchain activity. This literature included
reflections collected from various informal sources, such as
guidance and opinion pieces published in various formats,
including essay collections [30], blog posts, news articles,
newsletters by industry bodies (particularly those published by
the Healthcare Information Management and Systems Society
[HIMSS]) and key industry experts from organizations offering
blockchain for health care consultancy services such as
Consensys Health and Hashed Health.

Analytical Approach
This study proceeded from the premise that blockchain’s
reliance upon cryptographic techniques and networked,
distributed computing facilities to provide a highly secure,
shared but tamper-proof database means that its foundational
value lies in its capacity to facilitate secure data sharing and
collaboration, particularly between parties in circumstances
where a lack of social trust would otherwise inhibit cooperation.
So understood, the development, implementation, and scale up
of blockchain technologies into health care contexts are likely
to pose distinctive and novel challenges because of both its
technological design and the health care contexts in which
attempts are being made to implement it.

The analysis proceeded in 3 stages. First, it began by seeking
to acquire a deeper, more qualitatively oriented understanding
of the observed patterns of blockchain for health care
engagement mapped from the Motsi-Omoijiade and Kharlamov
[21] study. These first-stage inquiries drew heavily on insights
and observations contained in industry publications [29],
government reports, mainstream media, and initial focus group
discussions. The resulting analysis produced a clearer, richer,
and more nuanced understanding of (1) how blockchain
technologies were intended to provide specific functional
capacities across a variety of real-world health care contexts;
(2) the range of applications, context-domains, and participants
who were expected to engage with and those expected to benefit
from these applications; (3) how blockchain was expected to
address specific data-sharing problems encountered in health
care settings; and (4) the wide-ranging and multidimensional
difficulties or challenges that have been encountered in the
course of these engagements to date or that can be expected to
arise if those engagements continue to expand and deepen,
particularly if they extend into clinical settings.

The second-stage analysis entailed a critical comparison of the
benefits, difficulties, and drawbacks identified in stage 1 against
the claims appearing in the academic literature about
blockchain’s potential benefits and shortcomings (both generally
and those specific to health care). This analysis sought to
evaluate these claims, which were focused almost exclusively
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on the benefits of blockchain, with little mention or
consideration of shortcomings, against early-stage experiences
with blockchain implementation in real-world health care
settings. The resulting mismatch between academic claims and
actual experiences of the technology prompted further
scrutinization and critical analysis of the implementation
problems identified from the first-stage analysis, grouping them
together thematically (rather than primarily in relation to specific
functional applications or particular kinds of health care data).
This grouping was based on recurring difficulties and challenges
that have been encountered (or are likely to arise in relation to
specific health care applications, particularly those that directly
affect clinical practice) in seeking to design, configure, and
implement blockchain technologies in health care settings. The
encountered challenges were typically multidimensional in
character, entailing dynamic interacting and often complex
technical, social, regulatory, and organizational difficulties that
would need to be addressed successfully before the technology
is likely to produce significant value for health care.

The final stage of analysis sought to develop a more theoretically
grounded account of the observations generated at the second
stage analysis, drawing upon different fields of scholarship,
including academic discussions focused on blockchain’s
revolutionary potential; the nature, dimensions, and challenges
of innovation more generally; and of health IT implementation
in particular (including studies of EHR implementation). The
aim was to produce an integrated, theoretically informed,
cross-disciplinary understanding of the experience of the health
care sector’s engagement with blockchain technologies to date,
providing a firmer foundation for appraising its prospects by
reference to the underlying nature and form of coordination that
blockchain technologies currently enable.

Theoretical Frame
The theoretical framework for this study draws primarily on 3
different but complementary perspectives that collectively
contribute to addressing the project’s overarching research
question. First, it draws upon the growing cross-disciplinary
literature that has typically emphasized blockchain’s
revolutionary potential to enable novel forms of social
cooperation between strangers without the need for a trusted
third-party intermediary. Blockchain’s potential to enable
trustless cooperation is ultimately attributable to its underlying
technological architecture and distributed operation to produce
a shared database that is effectively tamper-proof, enabling the
replacement of social trust with computational trust in specific
contexts. This has prompted some scholars to describe
blockchain as a truth machine [31]. More recently, however, a
more skeptical strand of literature has started to emerge, drawing
attention to a wide range of reasons why the technology may
fail to live up to its promise [32]. As these inquiries progressed,
it became necessary to look to a wider variety of literature to
make sense of these real-world implementation challenges. This
led to the investigation of a second body of academic scholarship
located within the field of innovation studies, a different
multidisciplinary strand of work that includes a wide range of
industry studies that demonstrate that technologies do not arise
in the fully developed form [33-35]. Instead, they find that a
period of considerable confusion usually follows the emergence

of a new technological invention, with little agreement about
what its major subsystems should be or how it can best be put
together as a product or service, resulting in significant
experimentation [36,37].

Health care’s current and ongoing engagements with blockchain
can be located within this early experimental phase, situated at
the entrance to the so-called valley of death. This refers to a gap
between the development of new scientific knowledge and the
establishment of proof of concept but before full development
and commercialization [38,39]. Industry estimates suggest that
4 in 5 new inventions are never commercialized because of their
failure to overcome numerous barriers to innovation
encountered during this crucial development phase [40,41].
Innovation studies scholars have identified multiple valleys of
death, which they have explored from various angles. Some
understand the valley primarily as a financing and funding
problem that arises after the establishment of a proof of concept.
At that moment, significant investment is required to scale up;
however, there is considerable technical and commercial
uncertainty about its likely success, which thus discourages
further investment [34]. Occasionally, this leads to various
policy prescriptions, such as government funding initiatives and
translational centers comprising academic and commercial
stakeholders, to help bridge the gap [42]. Others focus on the
difficult transition of university research to a product or service
brought to market by a commercial firm, particularly in the case
of drug development [43].

For the purposes of examining the prospects of blockchain in
health care, the most salient strand of this literature is concerned
with identifying the barriers to innovation that create and
contribute to the valley of death. Scholars have classified these
barriers as either internal to the organization (including factors
such as a restrictive mindset, lack of competence, insufficient
resources, and an unsupportive organizational structure) or
external and thus largely beyond the firm’s direct control
(including factors such as a paucity of external finance;
resistance or lack of support from specific actors, such as
customer resistance or an unsupportive government; and various
factors which result in a restrictive macroenvironment, such as
an undeveloped network and ecosystem, technological volatility
that narrows the window of opportunity during which an
innovation can be introduced, inappropriate infrastructure, and
a restrictive local culture) [44]. However, these largely generic,
rather abstract, accounts of various obstacles that must be
overcome for technological innovations to largely succeed treat
the underlying technology as a black box rather than engaging
with technological design and specific development challenges
in seeking to configure and embed the technology into
sector-specific social and organizational systems, processes,
and practices [45,46].

Rather than treating blockchain in health care as a closed
black-box, these theoretical investigations drew upon a third
set of analytical lenses situated within academic investigations
of health care IT system implementations, particularly studies
undertaken from a social practice perspective [45,47-49]. These
studies highlight the critical role of context, culture, and the
values that are brought to bear by medical professionals in
clinical environments, identifying clinical consultation as a
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complex social encounter that occurs within a heavily
institutionalized environment [50]. In particular, scholars from
these traditions emphasize the role of values in clinicians’
understanding of what constitutes and how they seek to practice
excellent care. Moreover, they stress the nature of clinical
knowledge as tacit, context bound, and ephemeral rather than
codifiable, transferable, and enduring such that the
implementation of health IT into clinical settings often departs
substantially from those envisaged by system developers and
designers [50]. Accordingly, insights of this kind cast significant
doubt on the capacity to hard code norms into technological
systems in ways that can be seamlessly integrated into clinical
environments, especially when these norms concern the sharing
of health data, which is typically and legally understood as
highly sensitive and worthy of special protection.

Results

Overview
The results of this study are presented in 3 parts, which
correspond with the study’s analytical approach outlined in
previous sections. First, it briefly describes the health care
sector’s engagement with blockchain technologies to date in
the United States, United Kingdom, and at the transnational
level. Second, it critically reflects upon a series of 6 challenges
that must be overcome and 3 normative trade-offs that must be
satisfactorily resolved if blockchain technologies are to cross
the valley of death, transitioning successfully from invention to
innovation in health care settings. Third, it critically discusses
key findings by referring to a selection of wider academic
literature concerned with organizational cooperation and radical
versus incremental technological innovation and reflects upon
the promises of patient-controlled blockchain-enabled EHRs
before offering some concluding reflections.

Interrogating Blockchain in Real-world Health Care
Contexts
The Motsi-Omoijiade and Kharlamov study [21] revealed that,
apart from the Estonian government’s eHealth initiative [22],
active engagement with blockchain technology in health care
began around 2016, primarily in the United States and, to a
lesser extent, in Europe, with several recent initiatives occurring
at the transnational level. As of November 30, 2019, their study
had identified 128 health care blockchain applications (in which
a blockchain application is defined as providing a specific
functional health care purpose so that a single blockchain system
might provide multiple applications) from an English-language
website review, over half of which were geographically located
in the United States (65 applications), with the United Kingdom
as the next most popular site of activity (12 applications) [21].
However, less than half of these had a commercially available
blockchain product or service, with most still at the experimental
or development stage. Of these applications, a substantial
minority (50/128, 39.1%) focused on applications to enable
user-controlled access to some kind of personal health data,
with a significant proportion concerned primarily with using
blockchain to facilitate health care administration (34/128,
26.6%) and support for patient care or health management
(primarily in facilitating remote care consultations between

patient and clinician located elsewhere) or in the form of
wellness applications to encourage healthy behaviors (31/128,
24.2%) and for medical research data management (13/128,
10.2%; Multimedia Appendix 2).

A closer examination of the technical and contextual dimensions
of these applications and their primary sources of funding
revealed that, first, the overwhelming majority of blockchain
for health care initiatives had used permissioned or hybrid
systems, in which the tasks of sharing and updating the ledger
are restricted to those authorized to do so. Second, in both the
United States and the United Kingdom, private sector investment
and funding have been driving these initiatives, although various
government programs support blockchain initiatives, including
funding support [51,52]. Although some early initiatives sought
to generate funding via an initial coin offering, including start-up
firms claiming specialist blockchain expertise, these have failed
to generate positive returns for investors (and a significant
number of initial coin offerings generally were merely vehicles
for fraud) [23,53]. More recently, investment funding has been
provided by venture capitalists, evidencing their confidence in
the technology’s potential value to the health care sector. The
commercial and entrepreneurial expertise that they bring to the
sector might help the fledgling industry navigate the fraught
and uncertain early development phase [54,55]. Third, the
current and ongoing focus of interest in blockchain for health
care, at least in the US context, has been predominantly at the
intraorganizational and business-to-business (B2B) level rather
than being primarily concerned with clinical care provision.
Much of this activity has primarily concerned blockchain
systems for managing nonclinical data, as health care providers
explore the capacity to harness blockchain technologies to
enhance administrative and operational efficiency. Fourth, by
comparison, the UK health sector’s experience and engagement
with blockchain technology has been far more muted, with only
a handful of initiatives, all at the pilot or early-stage
implementation phase. These initiatives are primarily for patient
care management, with very limited reliance on blockchain
functionality. Finally, several promising transnational blockchain
initiatives to facilitate medical and health research have been
launched in recent years. The following discussion briefly
outlines the US and UK experiences (as the 2 most active sites
of blockchain engagement in health care) and more recent
transnational blockchain initiatives.

The United States
In the United States, ongoing blockchain activity in health care
is coalescing at the intraorganizational and B2B level. These
applications are intended to facilitate data sharing between
business units within the same umbrella health care organization
or within recently established consortia of health care
organizations seeking to cooperate in the sharing and
management of specific forms of health care data stored via a
blockchain-enabled ledger [55]. The primary drivers supporting
blockchain development to date appear to have focused on its
potential to reduce costs and enhance efficiency in health care
administration and operations. These applications are broadly
concerned with either health care operations management,
primarily in the management of supply chains, or administrative
data pooling.
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Turning first to health care operations management, considerable
blockchain activity has occurred either to streamline and
automate internal operational processes or to improve the
efficiency and verifiability of supply-chain management [29,56].
Examples of the former include the Coalesce Health Alliance
consortium’s development of blockchain to improve the
accuracy and efficiency of patient health care claims
management across different entities within the Blue Cross Blue
Shield ecosystem [57]. Similarly, the US Department of Health’s
Office of National Security has built a blockchain providing
organizational units with linked, real-time access to a standard
set of spend data to improve the department’s procurement
process, reportedly generating major efficiency gains [58]. In
health care supply chain management, significant blockchain
activity has occurred to address the potentially serious risks of
a compromised health care supply chain [56]. The Food and
Drug Administration has actively encouraged these applications
by launching a pilot project (announced in February 2019) to
encourage drug supply chain stakeholders to develop digital
systems to comply with the Drug Supply Chain Security Act
2013, which mandates the creation of an electronic,
interoperable system that can trace and identify distributed
prescription drugs across the United States. It attracted 26
participants (including several pharmaceutical supply chain
stakeholders [59,60]), generating a variety of projects. These
include the MediLedger Project, which sought to build a
blockchain network around a tamper-proof ledger of
pharmaceutical supply-chain transactions to inform responses
to product ID verification requests communicated via a
permissioned messaging network [61]. The Pharmaceutical
Utility Network has taken a different approach, pursuing a
platform first strategy [61,62] rather than focusing on a specific
use case. It is developing an open-source blockchain platform
that integrates regulatory requirements (such as the Drug Supply
Chain Security Act) to enable those involved in the
pharmaceutical supply chain (including pharmaceutical
manufacturers, distributors, dispensers, and software vendors)
to use the platform’s services to demonstrate compliance with
regulatory requirements, seeking to use blockchain as a form
of RegTech. [63,64] Other supply-chain management
blockchains in the health care sector focus on single use cases,
often with some RegTech functionality, such as the Clinical
Supply Blockchain Working Group’s platform [65], which is
now seeking to apply its blockchain-based inventory and
event-tracking system to a real clinical trial [66].

Blockchain applications are also being used to facilitate
administrative data pooling at the intra- and interorganizational
levels. Health care consortia in the United States began emerging
in 2018, seeking to use blockchain either to create a single ledger
shared between member organizations to serve as a single source
of truth or to enable network members to create a shared pool
of records to which access is controlled and recorded via the
blockchain. For example, the Synaptic Health Alliance [67]
aims to use a blockchain network to address costs, delays, and
inefficiencies in provider directory data (comprising
demographic information about physicians and other providers),
which insurers are required by federal law to maintain and keep
up to date. Each insurer has typically maintained its own
directory; however, these often contain inaccurate data, resulting

in delayed claims and payment processing. Synaptic’s
blockchain pilot seeks to create a common source of truth for
provider directory data created by pooling and comparing each
member’s directory data to create a complete, accurate shared
directory.

Similarly, the Professionals Credentials Exchange (ProCredEx)
is a consortium of health care organizations seeking to enhance
the efficiency of the physician credentialing process [57]. In
the United States, when a new physician is hired or begins
working for a new payer’s network, the employing health care
organization must gather a wide variety of certificates and
credentials, a process that takes up to 6 months (sometimes
longer), with physicians often required to supply evidence of
their professional credentials to a dozen different organizations
or more, which must be repeated for all physicians every 2 years
by each organization [29]. The ProCredEx blockchain network
enables organizations to contribute their credentialing records
(essentially, a digital asset) to a shared pool, effectively creating
a members-only digital asset exchange so that members can
access verified credentials and actively contribute credentials
information that other members can acquire. The shared ledger
tracks asset ownership, exchange, and use and forms a basis for
asset reputation. Buyers of these information assets finance the
platform, whereas curators of the assets receive payment for
their contributions, as do partners who help facilitate the use of
the blockchain network [68,69].

The United Kingdom
In comparison with its US counterpart, interest in blockchain
in UK health care has been considerably more limited [70]. The
UK blockchain use cases have been directed at patient care
management largely outside the clinic, in which secure and
auditable data sharing remains the central functionality provided
by blockchain technologies. Unlike the United States, UK health
care is delivered primarily via a publicly funded National Health
Service (NHS), in which NHS hospital treatment and primary
care are free at the point of use to UK residents. Decisions about
the commissioning of services, including the use of new
technologies, are taken primarily at the local level by entities
known as clinical commissioning groups or exceptionally at the
national level by NHS England, which is informed by guidance
issued by the UK’s National Institute for Health and Care
Excellence [71]. The NHS Long Term Plan states that the NHS
will seek to “make better use of data and digital technology”
[72] as part of the NHS digital transformation agenda; however,
it makes no explicit reference to blockchain technologies.
However, the NHS England’s Director of Digital Development
has been reported as having a general interest in considering
blockchain as one of a variety of technologies that the NHS will
explore [73].

Nevertheless, NHS England has commissioned Dovetail Labs
to develop a novel digital application to enable different
members of a multidisciplinary team working with type 2
diabetes patients to share health information. The application
operates via a distributed ledger that logs patient consent to
share digital data along with user authentication, data access,
and transfer records [74,75]. In addition, at least two local
clinical commissioning groups have commissioned small-scale
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digital applications that are described as using blockchain
technology. Hence, a partnership between Guardtime and Instant
Access Medical and Healthcare Gateway has produced a
comprehensive blockchain-supported personal care record
platform (called MyPCR). The platform is intended to assist
patients in managing chronic long-term health conditions by
issuing digital alerts to help them adhere to their personalized
treatment plan or personal care pathway via a smartphone app,
granting patients complete access to their personal care pathway
while generating an automated tamper-proof record of health
data provenance and integrity that is compliant with data
protection legislation [76]. Similarly, MedicalChain has
launched a blockchain pilot enabling patients to create a free
wallet to manage access to their digital health records, enable
general practitioner video consultations, and enable them to pay
for services using cryptocurrency (with users incentivized to
pay for telemedicine services with Medicalchain’s MedTokens)
[77,78].

Transnational Blockchain Systems
At the transnational level, a rather different kind of blockchain
application has emerged, which enables network members to
run secure but privacy-preserving computational analyses on
the data of other members to improve their algorithmic models
for research purposes while the data never leaves the host
organization [79]. For example, members of the Machine
Learning Ledger Orchestration for Drug Discovery blockchain
network, comprising 10 large pharmaceutical companies, 5
technical partners, and 2 universities, use blockchain and
federated learning to train an algorithm to identify a rare
mutation in cancer, enabling pharmaceutical companies to
collaborate on therapeutic drug discovery. Each pharmaceutical
company can, via the network, run the machine learning
algorithms of their academic partners on each other’s data sets.
The data remain at their local site so that proprietary information
from one data set cannot be leaked to another. Nonsensitive
algorithmic models are exchanged between the members, which
are then collectively consolidated to improve the predictive
performance of the algorithmic models by leveraging all the
data across the federation. A permissioned blockchain tracks
and logs all operations taking place on the federated data using
a software framework (Substra) for enabling the execution of
distributed machine learning tasks in a secure way. The value
of collaboration is particularly evident in attempts to develop
drug treatments for rare diseases: each individual organization
will have too few patients with a given rare disease to undertake
statistically significant analysis; however, by pooling access to
their data to enable federated learning, collaboration without
data sharing becomes possible. Similarly, the AI Centre for
Value-Based Healthcare consortium has created a federated
learning network with patient data from 4 hospitals and 3
universities, allowing research partners to train algorithms on

the federated data set. Collaborations of this kind, which use
blockchain networks to facilitate privacy-preserving, federated
data access, offer considerable promise to advance medical
research [29]. Health care blockchain industry expert Robert
Miller [80] observes the following:

Health data is inherently sensitive, and thus
demanding of privacy. Yet at the same time health
data is inherently statistical, and thus holds within it
insights that could improve health for all. The promise
of federated learning is to unlock these insights
without compromising on privacy. Moreover,
federated learning will enable us to assemble more
data than ever in federated networks, leading to better
algorithms and ultimately better outcomes.

Challenges for Blockchain Take-up and
Implementation in Health Care Settings

Overview
We have seen how the health care sector is beginning to develop
viable blockchain applications for specific health care purposes
and contexts to establish proof of concept, which are yet to be
widely implemented at scale [58]. This invariably invites
questions about the prospects of blockchain’s sector-wide
take-up, implementation, and diffusion, particularly given the
limited success of health IT adoption more generally [81]. To
begin addressing these questions, a set of 6 interrelated
implementation challenges associated with seeking to implement
and integrate blockchain into real-world health care contexts
were identified using the methodological approach described
above. Of these, 3 challenges were already being encountered
in seeking to use blockchain technologies to facilitate the sharing
and collaboration of health care data for administrative and
research purposes, namely (1) organizational commitment, (2)
interoperability and standardization, and (3) internal governance.
A total of 3 additional emerging challenges are likely to be
particularly acute if, in the future, sustained attempts are made
to introduce blockchain technologies into clinical settings for
which only modest experimentation has occurred to date, namely
(4) data security and integrity, (5) quality and safety, and (6)
truth and immutability (Textbox 1).

In addition to these implementation challenges, 3 further
normative tensions or value conflicts invariably arise in
configuring blockchain technologies to meet specific functional
requirements in health care contexts, which were also identified
(Textbox 2). Accordingly, acceptable compromises between
competing objectives and values must be identified in an attempt
to apply blockchain to real-world settings that can be designed
into the software and system architecture and implemented into
specific organizational contexts [82].
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Textbox 1. Blockchain in health care implementation challenges.

Implementation challenges

• Organizational commitment

• Interoperability

• Internal governance and standardization

• Data security and integrity

• Quality and safety

• Truth and immutability

Textbox 2. Normative tensions requiring resolution in applying blockchain to health care.

Normative tensions

• High performance and scalability while providing adequate security

• Providing transparency and accountability while ensuring due respect for privacy and confidentiality

• Establishing computational trust while securing adequate social trust between network participants

Common to each of these challenges and normative tensions is
their multifaceted, dynamic, context-sensitive, and complex
character, comprising both technical and nontechnical
dimensions. Moreover, addressing these challenges typically
requires internal organizational adaptations and changes external
to the organization because of the inherent character of
blockchain as a process innovation [83], particularly when used
to facilitate trustworthy data sharing beyond organizational
boundaries. Each of these challenges is outlined below,
beginning with 3 near-term challenges, followed by a brief
discussion of 3 further challenges that are likely to be
particularly acute if blockchain applications are applied in
clinical contexts.

Organizational Commitment
The decision by any organization to adopt a new IT system is
not made lightly. Making a commitment to experiment with a
technology to establish proof of concept as a bounded,
time-limited project is likely to be considerably easier for an
organization than committing to implementing a novel
technology on an ongoing basis, particularly for health care
organizations [84]. Difficulties associated with eliciting the
funding and commitment necessary to move a technological
invention beyond the proof-of-concept stage are one of the
characteristic features of the so-called valley of death described
above. For organizations, this requires a compelling business
case demonstrating that such a move will generate significant,
sustainable net gains (such as increased revenues, reduced costs,
or better-quality patient care) to justify the substantial
investment and risks associated with doing so [85,86]. Given
that the nature and magnitude of benefits of blockchain for
health care remain largely unproven, and experience has shown
that implementing health IT programs involves a great deal of
time, money, and effort, making such a case will be difficult
[9,81,85,87]. When proposed to support administrative
functions, such as supply-chain management, the cost of
blockchain adoption and implementation may be difficult for
an organization to justify, as the expected benefits take the form

of enhanced compliance and, hopefully, lower costs and reduced
risk, all of which are difficult to quantify. For example, consider
difficulties in quantifying the value gained from using
blockchain-enabled pharmaceutical supply chains to reduce the
risks associated with the production of fake medicines whose
scope and prevalence are not well-known, and alternative
cheaper technologies which may be more attractive [29].
Organizations willing to attempt blockchain implementations
will also need to join a suitable network of participants willing
to align and collaborate over a common interest in a particular
kind of health care data via a blockchain network and avoid
generating significant user resistance from staff. Neither task
is likely to be easy [30,32,88-90].

Nonetheless, the proliferation of health care consortia in the
United States, throughout 2019 and early 2020, seeking to
develop blockchain-based collaborations over administrative
data suggests that a variety of health care organizations
increasingly recognize the potential value of blockchain-based
data sharing for administrative and research purposes. The use
of blockchain-enabled data sharing to support highly labor-and
time-intensive administrative processes (such as provider
credentialing) could significantly enhance administrative
efficiency and reduce workloads. As one leading commentator
has observed, almost every insurance company and
pharmaceutical company has announced participation in a
cooperative data-sharing health care consortium, including
health systems, IT companies, and nontraditional health care
companies such as PNC Bank and Walmart [91]. However,
blockchain applications that have gained the most organizational
buy-in have either avoided sharing of patient data, focusing
instead on collaboration over administrative data, or have
involved research collaborations that share and manage patient
data in a privacy-preserving manner.

This points to a further hurdle that is likely to arise in eliciting
organizational commitment: the need to ensure that blockchain
applications comply with applicable legal and regulatory
requirements, which are especially demanding in relation to
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clinical applications. Legal requirements that apply to
patient-related health care data and the broader regulatory
environment in which health care is provided are substantial,
complex, and often difficult to navigate, both in the United
States and Europe. Accordingly, ensuring that
blockchain-enabled clinical applications demonstrably comply
with applicable laws will be very challenging [9,92]. That said,
blockchain advocates place considerable optimism in smart
contracts—computer programs that automate the verification,
execution, and enforcement of certain terms and conditions of
an arrangement, built on top of a blockchain system that enables
a distributed ledger to function as a distributed computer
[8,93-95]. Accordingly, blockchain systems in combination
with smart contracts could operate as a form of RegTech through
which compliance with legal and other regulatory requirements
can be hardwired to execute automatically. However, whether
these technologies will live up to this potential, given the
messiness and unpredictability of real-world contexts, remains
unknown [96,97]. Overcoming each of these barriers to
organizational commitment presents formidable challenges and
taken together, generate major obstacles that lie in the path of
successful blockchain innovation and diffusion in health care
[98].

Interoperability and Standardization
Another significant obstacle that continues to frustrate health
care data-sharing efforts is the lack of interoperability within
and between health IT systems [99]. This is equally true for
blockchain-based data management systems. HIMSS explains
that, for the purposes of a health data ecosystem, interoperability
is “the ability of health information systems to work together
within and across organizational boundaries in order to advance
the effective delivery of healthcare for individuals and
communities.” HIMSS [100] notes that:

In the healthcare space, interoperability is important
across systems and organizations for information to
flow seamlessly between actors like patients, doctors,
hospitals, payers, etc. However, it has been one of
the hardest challenges healthcare has faced as
vendors, providers, policies, payers and patients have,
at times, set roadblocks up and created misaligned
incentives to achieve true exchange of data between
disparate systems. Realizing the benefits of blockchain
technology depends on the associated network of
healthcare organizations being able to share data
and collaborate via the blockchain. These net-new
requirements increase the scope of interoperability
challenges that pre-dated blockchain. When systems
are not interoperable, the cost of verification and
networking of the information is very high. The same
is true for the cost of settlement and reconciliation of
the transactions of information.

To maximize the capacity for data sharing, full interoperability
between blockchain systems is needed; however, achieving this
remains a very long way off and arguably will forever remain
an impossible dream [101]. Interoperability in relation to health
care IT can be understood at 3 levels. First, foundational
interoperability allows data exchange from one IT system to be

received by another without needing the receiving IT system
to have the capacity to interpret that data. Second, structural
interoperability allows the movement of health care data from
one IT system to another such that the clinical or operational
purpose and meaning of the data are preserved and unaltered,
which is enabled by defining the structure or format of data
exchange. Third, semantic interoperability refers to the ability
of 2 or more IT systems or elements to exchange information
and use the information that has been exchanged [102], requiring
both the structuring of the data exchange and the codification
of the data (including vocabulary) so that the receiving IT
systems can interpret the data. Critical to the achievement of
interoperability is the shared use of common standards (that are
either mandated or very widely accepted and adopted) at the
relevant level. To this end, important and ongoing efforts are
being made to establish international standards for health care
data and IT architecture to enable all 3 levels of interoperability
for health care data sharing, including the work of
standard-setting organizations such as Integrating Healthcare
Enterprise International [103] and Health Level Seven
International [104,105].

The need for interoperability may help explain why the
blockchain use cases with the greatest prospects of success in
the near term are largely concerned with sharing back office
functions and associated records, such as credentialing and
provider identity verification, and claims management and
billing rather than the sharing of patient data for clinical
purposes [106,107]. Although these applications entail
interorganizational record sharing, which may well be in
different formats and structures, the substantive content of the
records themselves is likely to have a high degree of semantic
interoperability that tends to avoid subjective evaluations and
is not readily prone to misinterpretation or misunderstanding.
For example, the ProCredEx consortia enable the pooling of
records concerning whether a particular individual possesses
particular professional qualifications; these records can be
readily shared between participants without any serious
likelihood that the meaning of those records will be
misinterpreted by other members [57].

In other words, blockchain-based record sharing among multiple
participants is more likely to succeed if the underlying data are
highly stable and readily verifiable as evidencing the truth of
the underlying phenomena that the data purports to represent
(eg, such as whether a clinician has obtained a university degree
from an approved medical school), and the consequences of an
error or data inaccuracy are not safety-critical. However, experts
worry that, as multiple blockchains for health care networks
emerge supporting a wide variety of applications, they might
not be interoperable with each other. This could seriously
undermine the value and benefits of blockchain-enabled
solutions [108,109]. For example, an organization participating
in a pharmaceutical supply-chain blockchain may find that it is
not interoperable with a clinical trial blockchain network that
it also wishes to join, significantly reducing the potential value
it might otherwise derive from using blockchain. These
anticipated challenges reflect the observations by Greenhalgh
et al [98] that a common but significant health care infrastructure
challenge in many countries lies in enabling state-of-the-art
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individual technologies to interface with (but have often been
designed with little awareness of) a legacy infrastructure and
restrictive regulatory standards, all in the context of a complex,
fast-changing, unpredictable, and underfunded service
environment.

Internal Governance
A feature of the growing number of health care consortia seeking
to use blockchain technologies to selectively share data and
collaborate at the B2B level is that member organizations are
often conventionally regarded as competitors [110]. If these
novel sociotechnical collaborations are to succeed, a clear set
of agreed norms and arrangements to govern the terms of their
collaboration will be essential, without which stable cooperation
across the network is unlikely to be viable in practice. In open,
permissionless blockchains, including Bitcoin and Ethereum,
disagreements over proposed changes to the technical
architecture have led to highly publicized disagreements,
reflecting the different political viewpoints and motivations of
participants, which often lead to the fragmentation of the
blockchain network in the form of a fork in the ledger [111-114].
Although the overwhelming majority of health care distributed
ledger technology applications use hybrid enterprise or
permissioned systems, they face internal governance challenges
that may be no less fraught than those that have arisen in open,
permissionless blockchains [115]. However, establishing a
durable internal governance framework that commands
widespread acceptance by members and participants across the
network (including potential new members and participants)
will be especially challenging, which is discussed more fully
in the following sections in relation to the challenges of
coopetition [116].

Data Security and Integrity
Although the most promising engagements with blockchain in
health care contexts have hitherto largely avoided the clinic,
many industry experts believe that as the technology matures,
clinical applications entailing collaboration over patient data
are likely to emerge [117]. A further 3 challenges are already
being encountered within the health care sector in seeking to
engage with blockchain technologies, but which are likely to
be particularly acute if blockchain applications are applied in
clinical contexts. Chief among them are the challenges
associated with data security and integrity. For any
blockchain-based system, the desired level of data security must
be identified, established, and maintained across the system’s
architecture and operation. For patient data, questions about
data security are primarily informed by their size and high
sensitivity. Accordingly, it is widely accepted that patient data
are best stored off chain, for example, in a relational database
with the shared ledger merely storing metadata together with
pointers to where the actual patient data resides and hash codes
to verify the integrity of the off-chain data [82,118]. By
incorporating technological mechanisms for identity
management and access control into blockchain systems, the
on-chain record can also record when, whether, and by whom
the relevant linked data are accessed. This approach is reflected
in what HIMSS refers to as the principle of minimal sufficiency

to on-chain data, which it advocates as best practice, stating the
following [92]:

Blockchain technology was not designed to be a
storage mechanism for data and should not be
leveraged as such, for security, privacy, compliance
and performance reasons. Information added to the
chain may be transparent to permitted network
participants and difficult to remove without affecting
the entire chain. Therefore, we strongly recommend
that regulators and policymakers promote that
organizations leveraging blockchain-enabled
solutions employ a “minimal but sufficient” strategy
for the data that should be included on-chain. This
strategy should be guided by the use case’s data
needs, and implementers should keep in mind not only
the privacy and security risks but also the
performance of blockchain transactions when
deciding the amount of data and/or personally
identifiable information (PII) included on the chain.
Whenever possible, privacy-enhancing technologies
should be used to secure private data on the
blockchain.

However, by storing patient data offline, the blockchain ledger
cannot ensure data security. Although there are various
measures, including encryption, that can enhance off-chain data
security, these are separate and distinct from blockchain’s
technological protections for securing on-chain data. Given that
one of blockchain’s most significant promises lies in the
iron-clad security it purportedly brings to on-chain data, the
inability to extend that protection to the data stored off chain
seriously limits the technology’s capacity to deliver on this
promise. In addition, a frequently overlooked and neglected
issue in the blockchain literature is the problem of data leakage
or escape. Although blockchain offers the technological capacity
for fine-grained, auditable data sharing through technological
access controls that protect the privacy and confidentiality of
stored records, blockchains do not address the possibility that,
once data are revealed, those with access will generally be able
to copy and extract the data and store it perpetually. As Finck
[93] warns, the purposes of blockchain projects can be
completely undermined when data escape is possible,
particularly in circumstances where data are sold once, and the
buyer can then resell or manipulate the data set at will.

Truth and Immutability
A critical feature emphasized by blockchain advocates is the
technology’s capacity to create a single, immutable, shared
authoritative record, reflected in descriptions of blockchain as
a truth machine. However, the validity of this claim assumes
that the data recorded on the blockchain has integrity—meaning
that they are accurate, up to date, and comprehensive. Although
often discussed in terms of providing assurance that the data
have not been tampered with or subject to unauthorized
alteration [119,120], data integrity also requires that the data
faithfully and accurately represent the underlying real-world
phenomenon they purport to represent. For example, if a health
care record is labeled as representing a particular item, such as
an X-ray taken of patient Y on Z date at location P and stored
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at an off-chain location Q, then it must represent precisely that.
This also requires (among other things) that blockchain
consistently keeps transaction information associated with the
correct person. Although considerable work is being devoted
toward identifying universal identity management solutions for
blockchain-based systems, this remains an unresolved challenge.
Questions concerning how blockchain can ensure that the
records appended to the blockchain ledger are accurately
tethered to and reflect the underlying reality that they purport
to be associated with remain surprisingly overlooked (or perhaps
conveniently ignored) in the existing blockchain literature. In
health care, these challenges are particularly acute if data are
to have clinical relevance. However, they sit uncomfortably
with developers’ and entrepreneurs’ claims that blockchain will
enable the creation of accurate and comprehensive patient
records that draw data directly from a patient’s wearable device,
which is gathered via sensor technologies, without mechanisms
that guarantee the accuracy, veracity, and reliability of data
thereby collected [21]. Although sensor technologies can help
establish direct connections between the digital and physical
world in a secure manner, sensors can be easily tricked (even
if tamper-proof hardware is used); thus, conventional social
trust is needed to trust the veracity of the underlying data. This
calls into question the value that blockchain purports to offer
in the first place. In the context of supply chain management,
Wüst and Gervais [119] refer to the following:

The inherent problem of the interface between the
digital and the physical world. A human, or some
machine under the control of a single writer, typically
is required to register that a good has arrived in a
warehouse and, if for example, its quality is
appropriate. If there is no trust in the operation of
these employees, then the whole supply chain is
technically compromised as any data can be supplied
by a malicious writer. If, on the other hand, all writers
are trusted, a blockchain is not needed as a regular
database with shared write access can be used
instead.

Although the accuracy of health care administrative data may
not always be safety-critical, there is little value in a blockchain
that maintains a tamper-proof record of inaccurate or
poor-quality data. Accordingly, descriptions of blockchain as
a truth machine appear somewhat overstated [31]. Data integrity
is a necessary prerequisite for establishing trustworthiness and
providing a reliable basis for decision-making. Houlder [121]
explains the following:

Data security is often equated with protecting data
confidentiality: but it is data integrity that must be
protected – and this requires ensuring that the data
is accurate, up-to-date and complete. Blockchain only
protects what arrives at blockchain. From an
immutability and transparency standpoint, if that data
is compromised or of poor quality before it reaches
the blockchain you end up with garbage in, garbage
out, where you’re protecting garbage on the
blockchain. Unless the data has the integrity and
quality needed, blockchain will not realise its
potential.

The yet-to-be-resolved challenge of assuring data integrity may
help explain why the handful of patient-facing blockchain
applications offered through the NHS (in partnership with
private technology providers) have largely confined blockchain
functionality to storing records of patient consent and providing
computational assurance concerning when a patient has accessed
(and securely copied) his or her NHS records.

In addition, the application of blockchain to health care will
entail human interaction and engagement. Even if users are
provided with high-quality training, help, and guidance, mistakes
will be inevitable. However, identifying and correcting errors
generates new challenges, particularly given that blockchain
ledgers cannot be retroactively altered. Although blockchain’s
tamper-proof character prevents certain kinds of mistakes and
problems that arise in relation to conventional centralized
databases (such as inadvertently overwriting data stored on the
database), they will inevitably introduce new ones. This is
particularly so given the complex and dynamic nature of health
care settings and the multiple intersecting and sometimes
conflicting interests, rights and obligations, expectations, and
anxieties they typically implicate. In other words, the vagaries
of human behavior and decision-making in real-world health
care contexts could prevent blockchain’s expected benefits from
being fully realized.

Quality and Safety
Data integrity is but one element of the larger, multidimensional
challenge of ensuring that blockchain systems can be
implemented in health care without compromising quality and
safety, particularly when they interface with and operate within
clinical contexts. Although the safety implications arising from
the digital transformation of health care have been
well-documented [122], patient safety has received relatively
little attention to date, perhaps because of the relative scarcity
of clinical blockchain use cases being trialed and implemented.
Patient safety issues include the need to ensure that blockchain
systems that affect clinical workflows and environments are
subject to rigorous testing, validation, and independent
evaluation before their introduction into the clinic. However,
in the US health care context, no systematic attention appears
to have been given to the technical robustness, safety, or ethical
dimensions of blockchain implementation. Rather, health care
blockchain projects appear to move from proof of concept
through to implementation without necessarily being subjected
to formal testing and validation to provide assurance of the
system’s robustness, resilience, or clinical safety. Accordingly,
health care blockchain expert Heather Flannery argues that these
projects should be understood as experiments to learn and
discover the kinds of conditions that produce the desired results;
although these conditions are partially technical, in her view,
most are clinical, social, economic, legal, ethical, and
governance-related. Hence, Flannery argues that these projects
should be undertaken as studies subject to proper research
protocols as the only ethically viable way to move past the point
of experimenting with the technology [123,124]. In contrast,
regulatory oversight of health IT systems in the United Kingdom
is more developed. Thus, the Health and Social Care Act 2012
requires the development and implementation of clinical risk
management processes to ensure patient safety with respect to
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the manufacture of new health IT systems, or the modification
or decommissioning of an existing system, and their deployment
and use [125,126].

Normative Conflict Requiring Satisfactory Resolution
Although the above 6 challenges might be overcome in time,
several further challenges rooted in inherent tensions between
desirable qualities or functional requirements that arise when
configuring blockchain applications may prove more intractable.
Although technical blockchain experts have identified various
design trade-offs when building blockchain systems for specific
purposes [82], reflecting the micropolitical nature of software
choices [98], the following 3 are particularly apposite to health
care settings:

Performance and Scalability Versus Security
Ideally, an IT system would provide high levels of security and
resilience for the system and the data it stores and generates
while offering high-speed performance at scale. However,
achieving these objectives in blockchain systems is technically
impossible (on currently available technology) because of
inherent trade-offs in functionality. There is a loose trilemma
in the design and configuration of blockchain systems such that
they can have at most two of the following three properties: (1)
decentralization, (2) scalability, and (3) security. The more
computationally demanding and time intensive the consensus
protocols for validating transactions [127] before being
appended to the ledger and the greater the degree of
decentralization across the network, the greater the ledger’s
security and resilience against attack but the slower the
performance in terms of speed and throughput [128]. In addition,
as blockchains ledgers are distributed, they entail high storage
costs, precluding large data from being effectively stored on
the blockchain. As already noted, although blockchain can be
used for access control (and auditing), large data must be stored
off chain [129]. This generates the need to assure off-chain data
security; simply using a blockchain to manage access does not
thereby offer the security of the stored data, pointing to an
inherent tension between the desired values of scalability versus
security in their design and operation [130].

Transparency Versus Privacy
The transparency of all transactions appended to the ledger is
a critical feature of open, permissionless blockchains,
contributing to the ledger’s trustworthiness. However, this level
of transparency is fundamentally at odds with the private and
confidential nature of patient data and other health-related
personal information. Accordingly, there is an inherent tension
between the need to respect privacy and confidentiality and the
design and operation of open blockchain networks that are
transparent to the world at large [93]. Under the European
Union’s General Data Protection Regulation, data collectors
and processors must not collect or process personal data without
a lawful basis, which includes, but is not limited to, consent by
the data subject. In common law systems, additional legal
obligations attach to information acquired in circumstances of
confidence by clinicians and other care providers, including
information communicated by patients to doctors during clinical
encounters. At the same time, health care organizations typically

seek to keep details of their business records confidential. As
already indicated, the minimum sufficiency principle of
information collection and storage is considered best practice
in health care IT design and operation so that health care
blockchain systems have hitherto largely taken the form of
permissioned systems, thereby limiting read access to the ledger
to those authorized to do so, with health care data being stored
off chain and only the hashed metadata stored on chain.

Computational Trust Versus Social Trust
Although the hyperbole associated with blockchain technologies
has begun to subside, early industry activity and engagement
with blockchain appears largely to have been technology lead,
arguably motivated by the desire to engage with the latest
cutting-edge technology [131] without either a deep
understanding of the technology or a desire to meet a specific
need that blockchain might usefully address. As the technology
has begun to mature, so too have academic investigations, with
more recent academic critiques arguing that conventional
database structures and systems will often provide cheaper,
faster, more sustainable, and scalable approaches to specific
real-world data access, management, and storage needs
[119,132]. Several scholars have sought to identify the
circumstances in which blockchain technologies have a genuine
prospect of addressing real-world problems for which
conventional centralized, networked databases are inadequate.
For example, Wüst and Gervais [119] argue that if either a
trusted third party who can verify transactions is always
available on the web or if all writers mutually trust others, then
a conventional database with shared write access is likely to be
preferable. However, if the writers of the ledger do not trust
each other, a permissioned blockchain may provide a viable
solution. Their insight resonates with, and may help to explain,
the recent emergence of consortia of health care organizations
who compete with each other in many respects but recognize
that they share a limited common interest in relation to specific
kinds of data and forms of data sharing. In these circumstances,
member organizations may not fully trust each other, and a
permissioned blockchain may provide a technological solution
to address this trust deficit.

Permissioned systems (including so-called enterprise systems)
have hitherto been favored in health care blockchain
applications. They appear to offer the greatest opportunities for
generating value from network effects arising from the creation
of a shared, trustworthy transactions ledger between a limited
number of authorized participants, enabling members to benefit
from effectively sharing elements of a back office administrative
system (ie, shared records management in a single shared
ledger). However, the security and integrity of the shared record
will only be as strong as its weakest link, giving rise to what
may be called the computational trust paradox. On the one hand,
the use of computational consensus mechanisms to verify
transactions and maintain a single shared ledger across a
distributed network of computers obviates the need for each
participant to maintain their own ledger and reconcile their
ledger with that of other participants, generating significant
administrative efficiencies. On the other hand, this means that
each participant must trust the integrity, quality, and security
of the participant’s records, including the accuracy of the
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information contained in those records. This relies, in turn, upon
the integrity of the practices and processes underpinning the
events and transactions that each record purports to represent
(subject to those records being validated by the network and
appended to the shared ledger). By pooling their records, each
participant is thereby exposed to the vulnerabilities of the record
keeping and information security practices of their fellow
participants. A paradox arises because, although blockchain
systems offer the possibility of coordination with others without
the need for social trust in those others by relying instead on
computational trust, when these systems take the form of
permissioned ledgers, this is likely to enhance the need for
conventional (social) trust in the practices and systems of other
network members. Hence, reliance on computational trust
serves, ultimately, to heighten the importance and need for
social trust to reap the gains from cooperation [133]. A leading
industry expert [121] commented as follows:

If you have a consortium of 10 organisations and one
of them is a kind of weak link...in terms of they’re
connecting to the blockchain and pulling information
off the blockchain, or in interactions that are enabled
by blockchain, and putting information in their own
enterprise systems which are insecure and a breach
occurs, it impacts everyone...you’re not just worried
about securing your own organisation, you’ve got to
make sure that everyone connecting to that blockchain
is adequately secure.

Discussion

Overview
The above findings draw attention to the number and variety
of formidable, multidimensional challenges that must be
satisfactorily addressed if blockchain technologies are to traverse
the valley of death. Nevertheless, this study also shows how
early engagements with blockchain in health care have begun
to demonstrate that these technologies can enable and facilitate
novel, valuable forms of health care data sharing and
cooperation in real-world health care settings under specific
circumstances. The following discussion critically reflects upon
these key findings by reference to 3 quite different strands of
academic literature: first, it examines the character and tensions
inherent in these incipient forms of blockchain-enabled
cooperation; second, it draws on insights from innovation studies
to consider the character of blockchain as radical or incremental
health care technologies; and third, it evaluates the prospects
of blockchain for health care’s favorite use case, that is, to
enable patient sovereignty over EHRs while overcoming the
currently siloed approach to patient data.

The Blockchain in Health Care Promise: Rhetoric,
Reality, and Blockchain-Enabled Coopetition
Recent health care blockchain initiatives have successfully
demonstrated how technology can facilitate limited,
purpose-specific forms of cooperation through the shared
pooling of data to solve common problems. These incipient
forms of cooperation involving data sharing, which consortia
of health care organizations are actively seeking to develop,
rely upon interactions that organizational studies scholars refer

to as coopetition. Although the interaction between firms
conventionally focuses on either of 2 contrasting and
antagonistic logics—competition (traditionally defined as the
conflicting and rivalrous relationship between firms) on the one
hand and cooperation on the other [134]—the actual interaction
between firms can involve cooperation in some activities while
competing in others [135]. As these coopetitive relationships
entail 2 diametrically opposing logics of interaction, they are
inherently complex, generating tensions between and within
organizations [136,137]. In particular, each organization faces
conflicting incentives: a desire to cooperate through the pooling
of resources to generate shared benefits on the one hand and
the incentive to capture private benefits for themselves on the
other [137,138]. Several theories have been offered, claiming
to predict the effect of coopetition on firm performance
[137,139], including transaction cost theories. Transaction cost
theories highlight the difficulties of fostering trust between
parties in a coopetitive relationship, as each participant has
incentives to opportunistically behave while facing high levels
of uncertainty [140]. This creates barriers to open collaboration,
making it difficult to develop the necessary level of trust needed
for common projects to succeed. On the other hand, several
scholars have noted that the inherent tension between
cooperation and competition arising within coopetitive
relationships can, if managed efficiently, create shared value
and generate beneficial outcomes for each party [137]. On this
view, the key to successful coopetition is effective management
of the coopetitive tensions within the relationship that nurtures
and maintains an appropriate balance between competition and
collaboration. Various insights from this literature help
illuminate the challenges likely to arise within health care
consortia comprising organizations that would otherwise regard
themselves as competitors seeking to share health care data via
a permissioned blockchain network. The configuration of access
rules within a permissioned blockchain system offers a
potentially novel mechanism through which social distrust
might be replaced by computational trust, thereby enabling new
forms of cooperation at the B2B level that might not otherwise
occur, as the trust gap is too difficult to overcome.

That said, the need for strategies to successfully manage the
tension between organizations within the network highlights
the importance of a blockchain network’s internal governance
arrangements, particularly in establishing and maintaining rules
concerning changes to the network’s architecture, protocols,
rules of admission, and incentive mechanisms. Details about
the internal governance arrangements that underpin the various
blockchain consortia that have emerged in recent years are not
publicly available because of the confidential nature of the
underlying partnership agreements. Nevertheless, one would
expect that formulating and maintaining a set of governance
arrangements that will prove durable and resilient over time is
likely to be extremely difficult, as the interests of participants
are not wholly aligned and hence, difficult to settle in advance.
These internal governance arrangements must identify how
critical decisions about, for example, the structure of economic
incentives or rewards for participants to engage in the consensus
protocol, how the network will be maintained, and how other
changes to the network’s structure and operation will be made
and by whom. Potentially conflicting interests may not be
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readily apparent at the time of the network’s inception but may
subsequently arise as organizational needs, the larger industry
context, and other external factors inevitably change over time.
However, perhaps it is only when the rubber hits the road in
the context of specific disagreement between network
participants that the critical need for robust governance
structures that command the respect and allegiance of the
network’s members becomes apparent.

Finding an appropriate but flexible equilibrium between the
need for social trust between network participants on the one
hand and hardwiring computational trust into the technical
architecture and operation of the blockchain system will be a
very tough nut to crack. It remains an ongoing and continuing
challenge for the foreseeable future, at least until blockchain in
health care achieves a level of maturity in which a widely shared
set of agreed norms concerning the core requirements of good
blockchain governance can emerge. Furthermore, these networks
are likely to encounter what has been referred to above as the
computational trust paradox; by seeking to rely on
computational trust to provide a basis for enabling cooperation
between firms, this may reinforce and accentuate the need to
nurture and maintain social trust between the parties in domains
in which computational trust cannot be secured.

Permissioned Blockchains in Health Care: Incremental
or Radical Innovation?
Early engagement with blockchain technologies in health care
contexts has largely used permissioned blockchain systems
(including so-called enterprise blockchains) rather than open,
permissionless systems that many blockchain advocates believe
will revolutionize social cooperation between strangers without
the need for conventional trusted third-party intermediaries,
such as banks and governments. Although the blockchain for
health care promise has not typically emphasized the role of
permissionless blockchains, a significant revolutionary narrative
is evident in claims that blockchain technology will disrupt
health care [17]. Within this narrative, blockchain is portrayed
as enabling radical patient empowerment achieved via
hard-coded access controls, securely facilitating the seamless
exchange of patient records currently stored in disparate data
silos while enabling patients to exert fine-grained control over
who is granted access to those records, wherever located, and
on what terms [141,142]. It is blockchain’s potential to
overcome the many existing technical, legal, and bureaucratic
obstacles that obstruct the free flow of health data while
preventing patients from exerting control over access to their
own health care records that is typically highlighted rather than
emphasizing the role of permissionless blockchains in achieving
this vision.

The health care sector’s focus on permissioned (rather than
permissionless) blockchain systems to date will disappoint
radical blockchain enthusiasts such as Bruce Schneier, a
well-known computer security expert. Schneier claims that
permissioned blockchains are “completely uninteresting” as
they are no different from centralized databases in relying on
conventional forms of trust to facilitate social cooperation [143].
However, his perspective fails to recognize that even open,
permissionless blockchains ultimately and invariably rely on

social trust to support their internal governance arrangements
[112,113]. By enabling participants to rely on computational
trust mechanisms to enforce the explicitly agreed terms of their
cooperation, permissioned blockchains could facilitate novel
forms of cooperation, leading to valuable and potentially
transformational change.

The transformational potential of permissioned blockchain
systems can be illuminated by reference to a distinction drawn
by technology management researchers between inventions,
which refers to an “idea, sketch, or model for a new or improved
device, product, process or system” and innovations, which, in
the economic sense, arise “only with the first commercial
transaction involving the new product, system or device” [144].
Within this literature, a further distinction is commonly made
between incremental and radical innovation. Incremental
innovations introduce relatively minor changes to an existing
product, exploiting the potential of the established design
(although they may entail considerable skill and ingenuity)
[145-148]. In contrast, radical innovations are based on different
engineering and scientific principles, potentially opening up
whole new markets and applications [146,147,149]. This
distinction is considered to have important competitive
consequences: incremental innovation tends to reinforce the
capabilities of established organizations, whereas radical
innovation forces them to ask a new set of questions, draw on
new technical and commercial skills, and use new
problem-solving approaches [36,146,148,150]. Hence, radical
innovation often creates great difficulties for established firms
[148,151-153]. As the late Clayton Christensen famously argued,
radical innovation can disrupt the entire industry as incumbent
firms lose out to smaller firms with fewer resources who use
these radical innovations to deliver superior functional
performance, eventually leading to their adoption by the
incumbent’s established customers [154].

It is too early to assess whether permissionless blockchains will
ultimately form the basic technological architecture
underpinning a dominant design for particular kinds of health
care applications. It is not possible to reliably predict whether
they will come to be regarded as incremental or radical
innovations or, indeed, whether they come to be understood as
innovations at all or merely just an interesting invention with
little real-world utility. However, the preceding insights suggest
that we cannot assume that the use of permissioned rather than
permissionless blockchains in health care necessarily implies
that they cannot subsequently establish themselves as radical
innovations. Bruce Schneier’s dismissal of permissioned
blockchains overlooks the possibility that they may offer
particular functional properties capable of meeting a very
specific sectoral need. In functional terms, permissioned
blockchains are something of a hybrid—analogous to centralized
databases insofar as participation and access require
authorization from a network controller but can mathematically
provide the verified security and automated audit functionality
of permissionless blockchains without the heavy computational
expense. Accordingly, they might prove radical in their effects
[155], creating shared value by facilitating new forms of
coopetitive collaboration between health care organizations
while generating significant efficiencies.
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Blockchain-Enabled EHRs and the Promise of Patient
Data Sovereignty
Mention has already been made of frequent references in both
academic and industry literature to the potential of
blockchain-enabled EHRs to revolutionize health care.
According to this vision, blockchain operates as a form of
middleware, facilitating the flow of data between independent
IT systems, thereby integrating disparately located silos of
patient health care records while enabling patients to exercise
fine-grained but automated control over their EHRs via smart
contracts that automate the execution of patient instructions or
consents [14,109]. In so doing, blockchain is widely portrayed
as solving the tension between the need to respect the privacy
and confidentiality of individual health records and recognizing
the tremendous knowledge potential unleashed by pooling and
aggregating patient data. Blockchain for health care scholarship
has largely taken these claims at face value. Although various
blockchain-enabled EHR projects are currently being
experimented with, the preponderance of activity appears to
reflect the views of industry experts, who advise that blockchain
applications focusing on patient care records are best avoided
in the early stages of the sector’s engagement with the
technology because of the demanding and complex legal and
regulatory requirements that apply to personal health
information. Nevertheless, many believe that these demands
can eventually be overcome, so that patient-controlled,
blockchain-enabled EHRs will eventually emerge [91,117].
Even if the difficult and complex challenges and tensions
identified in the preceding section can be satisfactorily
overcome, whether these systems will live up to their promise
depends upon the validity of underlying assumptions about their
benefits, particularly in clinical contexts.

Academic literature concerned with health IT implementation
has hitherto been dominated by the technology acceptance model
(TAM), which originates from the perspective of health
information systems research that studies the systems that
support health and medical work [156]. This approach,
developed jointly by doctors with an interest in computers and
computer scientists with an interest in medicine, adopts a
positivist outlook that regards the relationship between
technology and their expected benefit as linear and causal [81].
Similar assumptions appear to underpin 2 distinct, albeit related,
elements of the vision of blockchain-enabled EHRs offered by
their proponents. The first assumption is that blockchain will
enable the seamless integration of patient records currently
stored in distinct data silos, thereby effectively providing
patients and clinicians with a single, up-to-date, and
comprehensive repository of each patient’s medical records
over his or her lifetime. The second assumption is that
configuring blockchain-enabled EHR systems to enable patients
to control access to their records will ensure respect for privacy
without impeding the transfer and sharing of patient data for
clinical and other legitimate purposes.

In relation to the first assumption, Berg et al [157] highlighted
studies of EHR implementation that emphasize the personalized
nature of health care work, thus setting “natural limits to the
possibilities of IT to revolutionise this work.” These studies
suggest that the considerable energy and resources thus far

devoted to various components of the EHR failed to substantially
improve the quality or efficiency of frontline clinical work.
Moreover, they argue that EHRs are unlikely ever to produce
dramatic gains in the quality of care because of the importance
of the creative human work needed to bridge the gap between
clinical design and technical reality [50]. In contrast, biomedical
literature often rests on a TAM model, evoking a belief that IT
systems will make clinical information instantly available,
implicitly assuming that meaning can be transmitted
unproblematically along with the data contained in the EHR.
This assumption also appears to underpin the beautiful dream
of blockchain-enabled EHR systems, suggesting that, if properly
designed, blockchain will enable more accurate, secure, and
timely data access that will drive quality improvements across
health care, including clinical care. However, studies from more
sociologically informed traditions roundly reject this assumption,
providing evidence that clinical data must be interpreted in
context and framed before they become meaningful, and this is
not achieved simply by placing information on an electronic
platform that is accessible by multiple users [50]. These studies
rest on assumptions that differ from those underpinning the
TAM model (including understandings of what counts as success
for the purposes of evaluating health IT systems), drawing on
a wider range of methodological approaches [158]. They
highlight the critical role of context, culture, and the values
brought to bear by medical professionals in clinical
environments, identifying the clinical consultation as a complex
social encounter that occurs within a heavily institutionalized
environment [50]. In particular, scholars from these traditions
emphasize the role of values in clinicians’ understanding of
what constitutes and how they seek to practice excellent care
and the nature of clinical knowledge as tacit, context-bound,
and ephemeral rather than codifiable, transferable and enduring
[50]. These studies find that in many failed EHR projects,
technical designers typically missed these subtleties and
produced artifacts that fitted poorly with the situated nature of
knowledge and the microdetail of clinical work practices [81].

Conversely, the TAM model assumes that the failure of EHRs
to generate their expected benefits can be largely explained by
shortcomings in EHR system design and implementation,
resulting in user resistance to the technology [50], which can
be overcome by system design improvements and more sensitive
implementation. One of the most significant lessons from studies
of EHR adoption is that considerable clinician resistance to
these systems has often resulted from the unintended but radical
alteration and disruption of clinical workflows and patient
interactions accompanying the introduction of EHRs, adversely
affecting physician workload [81,122,159]. In addition, the data
captured in these records have been described by a legal expert
as often error prone, incomplete, unprotected, and dispersed
across numerous organizations unknown to the patient [130].
However, if used as middleware to support the integration of
EHRs across disparate data silos, blockchain technologies should
not, in theory, affect clinical workflows or practices, as they
operate as a backend technology. In other words, blockchain
should not exacerbate workload burdens or introduce additional
integration work of the kind that has typically accompanied
EHR implementation. However, HIMSS [160] warns that:
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Blockchain technology is meant to operate on the
back end and should avoid, where possible, adding
additional steps for the end user. If this technology
is poorly implemented without a strong federated
approach, workflow may be negatively impacted,
potentially affecting the quality of care.

Adding a blockchain-enabled solution without
considering its applicability to a use case, potential
value, or relationship with a partnering stakeholder,
could add a layer of complexity to an already
convoluted health IT ecosystem. Furthermore, if this
complexity detracts from the end goal of sound care,
ethical and other questions may arise from the
implementation of this kind of solution that is not well
suited for the coordination and delivery of care.

This cautious view, offered by one of the health care IT sectors’
leading industry bodies, suggests that one cannot assume that
implementation of blockchain as a backend technology will not
add further system complexity simply by avoiding any change
to the front end experience of users [98].

The second assumption underpinning the promise of
blockchain-enabled EHR systems—that they will enable patient
data sovereignty and empowerment by providing patients with
fine-grained control over who may securely access their health
care records and on what terms—resonates with broader societal
shifts in favor of self-service economy models across many
sectors [161]. Blockchain for health care advocates assumes
that patient-controlled health care records will resolve dilemmas
arising from the tension between ensuring compliance with
privacy and confidentiality norms and duties and fostering the
aggregation of patient care records for medical research and
other legitimate purposes [162]. This assumption is likely to be
both mistaken and naive for several reasons. First, although it
is essential that patients are enabled to exercise their rights of
informational self-determination in relation to health and care
information that directly pertains to them [163], some patients
will enthusiastically embrace the capacity to control access to
their medical records [164], whereas others will not [165]. A
significant proportion of patients (including children and those
with mental illness or disability) cannot make informed
decisions about access to and sharing of their clinical data;
therefore, alternative consent models will be needed. Second,
there will be circumstances in which patient consent cannot be
secured; however, the ability to access that patient’s health
records will be necessary, particularly in emergency situations.
Third, in other circumstances, patient rights to data privacy and
confidentiality may be legitimately overridden by compelling
public interests, particularly when appropriate technical and
organizational measures are taken to safeguard those interests
so that patient consent is neither legally nor ethically needed to
justify access to their records. For example, the public interest
in data sharing and access can, particularly in times of public
health care emergency, justifiably override individual rights to
privacy and the need for patient consent to data sharing.

Taken together, the vision of patient data sovereignty
underpinning blockchain-enabled health records exhibits a
techno-solutionist mindset, reflecting a belief that technological
fixes can be used to solve complex social problems [166].

Critiques of this kind draw attention to the complex and messy
set of interacting norms, practices, and dynamics that arise in
the real-world contexts for which simple technological solutions
are unlikely to be found, which the disappointing experience
of EHR implementation has vividly demonstrated. Despite this,
the underlying information as property paradigm that informs
these beliefs appears to hold considerable sway in contemporary
debates about data governance, both within health care and
beyond [167]. However, as the German Data Ethics Commission
points out, supporting and promoting the practical capacity of
patients to access their health care records and take an active
role in decisions about access to those records does not
necessitate a propertisation model of data governance, which
underpins the views of those who favor the making of
micropayments to data subjects in return for access to their
personal data [163,168,169].

Apart from unfounded assumptions that technological access
controls built into health IT systems can be expected to
successfully mediate and resolve the complex interests in patient
data, any such shift in favor of patient sovereignty over health
care records may reflect an underlying reconfiguration of the
ethical basis upon which patients receive care. Rather than
characterizing patients as vulnerable individuals and
beneficiaries of care provided by an expert clinician who is
professionally obliged to act in their best interests, patients may
increasingly be expected to self-manage their own medical
records based on largely unexamined claims that this will
empower them to exert greater control over their own care [85].
However, if these systems are configured in ways that force
adherence to norms that are at odds with the basic cultural and
moral norms of contemporary health care settings, this might
provoke backlash. This might occur, for example, if systems
are designed to shift responsibility for care to patients and away
from clinicians and care providers in ways considered contrary
to the professional duty and commitment of clinicians to act in
the best interests of their patients [170]. Alternatively, if patients
are unable to make meaningful decisions about the sharing of
their data, they are likely to stick with defaults; however, these
might fail to reflect legitimate patient expectations and existing
informational privacy and confidentiality norms. These and
other similar risks underline the importance of meaningful
stakeholder engagement in the design and implementation of
blockchain systems, as well as the importance of more critical
engagement with the logic of empowerment that frequently
accompanies their promised benefits [50].

Accordingly, the vision underpinning blockchain for health
care’s favorite use case, which is capable of seamlessly
integrating patient-controlled EHRs accessible by clinicians in
real time wherever located, is based on problematic and
unrealistic assumptions. Their promised benefits are therefore
unlikely to be realized in practice. Even if blockchain
technologies can operate as middleware, enabling organizations
to access and retrieve patient health care records stored at
different sites in real time, blockchain cannot ensure that the
information stored in those records is an accurate representation
of the underlying real-world events they purport to reflect.
Conferring responsibility for making access decisions on patients
themselves will not avoid conflicting and sometimes difficult
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trade-offs between respect for patient privacy and other rights
and legitimate interests implicated in health care. In other words,
the health care data silo problem is only one aspect of a much
larger, more complex set of needs, rights, and interests
associated with medical and health care information, which are
likely to continue to defy hard-coded solutions.

However, one of the most valuable insights arising from
technology-in-practice studies of EHRs for understanding the
real value that blockchain-enabled EHRs might create arises
from the recognition that there are two conflicting work
processes in play with EHRs: immediate clinical care (primary
use) on the one hand and tasks such as audit and research, which
are one step removed from the clinical encounter (secondary
use) on the other. These studies show that when EHRs are used
as a formal tool (eg, with structured templates and a requirement
for data to be coded), they often slow down and frustrate the
clinical encounter but can greatly accelerate secondary uses of
clinical data. Accordingly, Greenhalgh et al [50] argue that,
rather than promising that the EHR will save time or make
clinical care more efficient, a more honest message would be
that creating accurate and complete clinical records requires the
sacrifice of time and effort by frontline clinical and admin staff,
which is (sometimes) justified by more benefits for efficient
business processes (eg, billing) governance and research. In
other words, the real value of blockchain-enabled health records
might rest in their secondary use, enhancing health care
administration and medical research rather than in substantially
improving clinical care.

Study Strengths and Limitations
This study has both empirical and theoretical strengths. Its
strengths are 3-fold. First, by focusing attention on the health
care sector’s experience in attempting to use blockchain
technologies for specific purposes, it fills an important gap in
the existing literature by offering a more grounded,
evidence-based but theoretically informed appraisal of
blockchain’s prospects for transforming health care, unlike the
burgeoning academic literature that has focused overwhelmingly
on the technology’s potential to solve health care problems.
Second, it identifies and critically examines a series of complex,
multidimensional implementation challenges that must be
satisfactorily confronted if blockchain technologies are to be
widely taken up within health care contexts, illuminating the
nature and dimension of these difficulties by referring to a range
of theoretical perspectives. Third, the critique offered here
contrasts sharply with the considerable hype that accompanied
the emergence of blockchain technologies. It provides a more
theoretically and empirically grounded appraisal of the
oft-proclaimed radically transformative potential of blockchain
technologies in a specific domain, notably within complex health
care environments that are typically saturated with technologies,
many of which are highly sophisticated and often safety-critical.

The limitations of the study rest in the lack of publicly available,
authoritative data concerning blockchain uptake in health care.
Hence, the snapshot provided by the study of current and
ongoing industry engagement and experience with blockchain
relies heavily on web-based investigations of gray literature,
particularly industry publications, to investigate the focus and

tenor of discussions about these technologies in health care and
the trajectory of their development. This methodological
approach was limited in several significant aspects, insofar as
it relied on unconfirmed industry sources publicly available on
English-language websites as a substantial source of evidence
for understanding the current state of blockchain development
and implementation in health care contexts. As the accuracy of
claims made on public websites is practically impossible to
verify and often fails to provide significant financial information
about the level of investment or revenue generated (or expected
to be generated), the findings on blockchain take-up in the health
care sector are not comprehensive, particularly given the
growing interest in developing blockchain applications in
non–English-speaking countries (eg, China [171,172] and Japan
[173]).

Although significant assurance about the reliability and
robustness of the study’s provisional findings was obtained by
eliciting feedback from industry experts through the second
focus group workshop while cross-checking the validity of these
provisional findings against the published insights of industry
specialists [174-176], the findings concerning the state of
industry experimentation and maturity offered here are neither
authoritative nor comprehensive. Nevertheless, they provide
worthwhile insights into the general state of the health care
sector’s engagement with blockchain technologies to date, the
particular domains and applications in which this engagement
is occurring, and the current direction of travel. Accordingly,
these findings offer a useful reference point for critical reflection
in the context of future investigations of blockchain in health
care and beyond.

Conclusions
This paper has demonstrated that the health care sector’s
engagement with blockchain technology has grown steadily
since 2016, with the most promising activity occurring at the
intra- and interorganizational level to enable data sharing and
cooperation in health care administration and medical research.
Although various blockchain initiatives have appeared in
response to the COVID-19 pandemic [177], in which the rapid
spread of misinformation intensified the importance of ensuring
trustworthy health care information management, industry
experts suggest that they have not hitherto taken root [178].
Contrary to the focus of the academic literature, the health care
sector’s engagement with blockchain has not focused primarily
on enabling and integrating patient-controlled EHRs into clinical
practice. It is in nonclinical contexts that early-stage health care
engagement with blockchain is now producing evidence that
blockchain-enabled cooperation can create both collective and
individual value for network members that is greater than the
sum of its parts, generating potentially significant efficiency
gains [121]. Accordingly, blockchain in health care cannot
currently be dismissed as a passing fad. Although scholars of
innovation studies have identified various barriers to innovation
that arise when technological inventions seek to cross the valley
of death during the development phase of innovation, this
literature has tended to treat technological inventions as a black
box. In contrast, the analysis offered here highlights the
importance of attending to the design and functionality of the
technology itself and the particular health care contexts and
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fields of practice into which it might be applied in ways that
may deepen and enrich innovation studies literature that has
tended toward a high level of generality and abstraction.

This study identified 6 complex and multidimensional challenges
and 3 normative tensions that must be resolved if blockchain
technologies are to be made readily implementable in health
care. Negotiating and overcoming these challenges and tensions
will require considerable commitment, including time,
investment, and willingness by health care organizations to take
substantial risks, experiment, learn, and share knowledge across
the sector. It suggests that the technology’s progress through
the development process will be difficult and lengthy. Moreover,
as the National Advisory Group on Health Information
Technology advised in its 2016 report, “implementing health
IT is one of the most complex adaptive changes in the history
of healthcare, and perhaps of any industry” [179]. Another
leading expert observes that “while policy makers are calling
for technology to be implemented rapidly and at scale, the reality
is that when dealing with the multiple complexities of health
and care, it is extremely difficult to go beyond small-scale
demonstration projects” [85].

Even if blockchain succeeds in crossing the valley of death, it
does not necessarily follow that these technologies will live up
to their promise. The underwhelming experience of health IT
offers a sobering reminder, with Kellermann and Jones [180]
noting that despite the increased use of health IT in the United
States, with aggregate annual national expenditure on health
care growing from US $2 trillion in 2005 to roughly US $2.8
trillion in 2013, the efficiency of patient care is only marginally
better. In the United Kingdom, 10 years after the launch of the
National Program for IT, which promised to revolutionize care
in the English NHS [181,182], it was described by the UK
Secretary of State for Health as a “huge disaster that became
impossible to deliver” despite costing £3.66 billion (US $4.84
billion) [183,184]. These experiences highlight the serious gap
between the grand visions of IT’s transformative potential in
health care and the fraught nature of implementation, given the
inherently complex, dynamic, and context-driven nature of
health care. They throw into high relief the inherent difficulties
associated with seeking to hard code norms into complex
sociotechnical systems in ways that that can satisfactorily
resolve and mediate a wide variety of often conflicting rights,
interests, expectations, norms, and risks associated with
information sharing in dynamic, complex but safety-critical
health care settings.

Although the blockchain for health care promise is rooted in a
belief that blockchain systems will facilitate secure data sharing
while enabling more fine-grained management of health care
data, thereby creating more and better data that will drive
improvements across the sector, real-world engagements and
experiences with the technology in health care settings to date
suggests that blockchain’s core value proposition is more
nuanced and narrowly framed. Blockchain’s value generally
(both within health care and beyond) rests primarily on its
capacity to provide an automated, mathematically verifiable,
highly secure, and therefore, highly trustworthy record-keeping
function. It is this functional capacity that supports the
technology’s nascent potential as middleware, facilitating

various kinds of health care data sharing and exchange,
particularly between health care organizations where a lack of
social trust rooted in institutional incentives for opportunistic
behavior might be replaced with the computational trust that
permissioned blockchain systems can provide. In so doing,
blockchain systems may enable new forms of cooperation that
generate shared value from the pooling of health care data,
although whether these networks can develop governance
strategies that can successfully and sustainably mediate the
relevant interests of network participants remains to be seen.

However, the difficulties of ensuring that the ledger accurately,
systematically, and comprehensively tracks and reflects the
real-world phenomenon that it claims to record may mean that
the envisaged benefits of blockchain’s automated track and
trace function may not be fully realized. Computer scientists
and mathematicians have long recognized the garbage in,
garbage out problem: the quality of output is determined by the
quality of the input. Blockchain technology cannot guarantee
that data arriving at and recorded in the ledger is an accurate,
complete, and comprehensive record of the underlying
real-world events that it purports to track; however, blockchain
advocates typically overlook this critical vulnerability. In other
words, although blockchain systems can deliver valuable
functionality in terms of automatically and securely recording
the handling of data items (for example, when a digital record
has been viewed by a particular user), they cannot guarantee
the integrity of the underlying data.

Nevertheless, blockchain’s automated audit function might offer
real and significant value because, by creating a highly secure
and verifiable record, it offers a vehicle through which
organizations can demonstrate compliance with data handling
norms at scale, thus operating as a form of RegTech. In this
way, blockchain as middleware can automatically and securely
track and record the location and handling of data items.
Therefore, it might have real potential to facilitate the
integration of health data silos stored in a variety of locations
across multiple organizations using different IT systems [185].
The value of this contribution could potentially be significant,
reducing costs and improving efficiency, transparency, and
security, and could be widely applied across any sector in which
sensitive data generation, processing, and sharing occur in large
volumes.

Blockchain is frequently portrayed as offering the potential to
deliver radical and positive transformations to many sectors,
including health care. This study has identified significant
activity within the health care sector aimed at exploring how
blockchain technologies might deliver real value. It has been
found that the technology is still in its infancy and that the nature
and scale of its value to health care remain unproven [29].
Experience of early health care sector engagement has shown
that the relevant question is not how can blockchain be used in
health care settings but under what conditions can blockchain
be realistically expected to provide a viable, scalable and
efficient solution to a concrete health care problem in real-world
health care settings that would add significant value relative
to alternative solutions? In other words, when considering
whether to engage with blockchain technologies, organizations
must ask themselves whether a blockchain is really necessary
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to solve the problem at hand or whether other alternative
approaches are preferable.

This shift in mindset is reflected in the divergence between the
rhetoric of blockchain-enabled health care data sharing, which
focuses primarily on the capacity of blockchain technologies
to enable the seamless yet secure sharing of patient records that
will enhance clinical decision-making, and the reality of
engagement with blockchain, which has largely avoided clinical
contexts. Instead, the most innovative health care blockchain
applications have occurred at the interorganizational level,
enabling the sharing of administrative data between health care
organizations to improve the efficiency of health care
administration. The most recent initiatives are aimed at
facilitating shared access to the secondary use of patient data
for medical research through cooperative endeavors to train
algorithmic models on data sets in a secure, privacy-preserving
manner.

However, to succeed in this endeavor, there remain very
significant challenges associated with achieving social trust and

cooperation, including the need for the effective and legitimate
governance of blockchain networks, that no amount of
technological sophistication or hard-coded solutions can, on
their own, satisfactorily resolve. It remains to be seen whether
these and other tensions inherent in these incipient forms of
blockchain-enabled coopetition between health care
organizations will be satisfactorily overcome and whether
blockchain applications in health care might be characterized
as radical or incremental technologies. Accordingly, the
possibility of blockchain technology precipitating a revolution
in the delivery of health care of the kind envisaged by
blockchain for health care advocates appears to have been
exaggerated. Nevertheless, there are real prospects of using
blockchain in ways that could lead to genuine health care
improvements. However, progress toward this goal is likely to
occur slowly, incrementally, and more by stealth rather than
through radical and rapid disruption over a short period and—at
least in the first instance—likely to be concentrated across a
much narrower range of applications than the blockchain for
health care promise suggests.
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Abstract

Background: There are limited evidence-based strategies that have been shown to increase the rate at which peer-reviewed
articles are cited. In a previously reported randomized controlled trial, we demonstrated that promotion of article links in an online
cross-publisher distribution platform (TrendMD) persistently augments citation rates after 12 months, leading to a statistically
significant 50% increase in citations relative to the control.

Objective: This study aims to investigate if the citation advantage of promoted articles upholds after 36 months.

Methods: A total of 3200 published articles in 64 peer-reviewed journals across 8 subject areas were block randomized at the
subject level to either the TrendMD group (n=1600) or the control group (n=1600) of the study. Articles were promoted in the
TrendMD Network for 6 months. We compared the citation rates in both groups after 36 months.

Results: At 36 months, we found the citation advantage endured; articles randomized to TrendMD showed a 28% increase in
mean citations relative to the control. The difference in mean citations at 36 months for articles randomized to TrendMD versus
the control was 10.52 (95% CI 3.79-17.25) and was statistically significant (P=.001).

Conclusions: To our knowledge, this is the first randomized controlled trial to demonstrate how a postpublication article
promotion intervention can be used to persistently augment citations of peer-reviewed articles. TrendMD is an efficient digital
tool for knowledge translation and dissemination to targeted audiences to facilitate the uptake of research.

(J Med Internet Res 2021;23(12):e34051)   doi:10.2196/34051

KEYWORDS

knowledge translation; knowledge; dissemination; digital knowledge translation; digital publishing; e-publishing; open access;
scientometrics; infometrics

Introduction

Citations are a leading indicator of scholarly impact. They
measure the spread of new knowledge; acknowledge the
contribution of colleagues; and, in many fields, form the basis
of tenure and promotion or even direct compensation [1,2].
Citations accrue from research getting noticed and used by

authors when creating their own scholarly work. The problem
is, there is a growing mismatch between the number of newly
published articles and the number of papers an academic can
discover and ultimately cite in the creation of their own scholarly
work. There are over 8000 new peer-reviewed articles published
daily, a figure that is growing exponentially, making it
challenging for scholars to sift through potentially relevant
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literature [3,4]. As a result, many relevant papers that could be
cited are missed by scholars [3]. Accordingly, data suggests
that roughly 35% of articles published between 1990 and 2015
remain uncited; a figure that may be increasing [5]. A study
published in 2021 found that the increasing enormity of
academic literature may be impeding on the rise, progress, and
adoption of new ideas; the authors suggest that changes are
needed in scholarship dissemination to increase the
discoverability of new concepts that researchers may not be
searching for [6]. The growing mismatch between the number
of articles published and the ability for readers to come across
articles that they were not already seeking out has created a
pressing need for strategies that augment the discoverability of
scholarly content and to target content to potential knowledge
users. Postpublication strategies such as promotion of articles
in social media and other content distribution networks promise
to enhance discoverability, which may increase the chances that
the most relevant paper is found and ultimately cited by scholars
in the creation of their own work. However, how to target
promotional campaigns to the right audience remains an open
question, and there is currently limited evidence showing which
strategies yield a positive effect on scholarly article impact,
such as that reflected by citation counts.

One of the most widely studied strategies examined to increase
discoverability, accessibility, and consequential citation counts
of scholarly work is publishing content in open access (OA)
journals. OA increases visibility and hence can have a positive
effect on usage metrics such as the number of downloads [7],
but the effect on citations is less clear and likely discipline
dependent [8-12]. Since the first carefully designed multivariate
observational study in 2006 showed a clear OA citation
advantage even when adjusted for possible confounders [8,9,13],
several large observational studies have found OA articles
accrue between 50% to 200% more citations compared to closed
access articles; this is referred to as the “open access citation
advantage” (OACA) [8,14]. The OACA, however, has not been
universally accepted [7,15,16]. For example, in 2011, Davis
[16] completed a randomized controlled trial study showing
that making articles free and open did not yield an increase in
citation counts over a 3-year period relative to closed access
articles. Part of the reason why the OACA has been found in
observational data and not experimental data is likely due to
residual confounders. Even though the original study suggesting
an OA citation advantage was carefully adjusted for multiple
confounders [8], selection bias cannot be fully adjusted for and
is one of the biggest confounders identified in observational
research examining the OACA [17]; more prominent authors
are more likely to pay to publish OA articles, and if authors are
more likely to provide access to their “highest quality” articles,
then OA articles will have more citations than closed access
articles [11,18]. Furthermore, as OA content becomes
increasingly ubiquitous in the scholarly ecosystem, the OACA,
if any, is likely to extinguish, as all articles share the same OA
characteristic.

Aside from publishing research in an OA journal, other studies
have suggested that the promotion of articles in social media
platforms may be used to augment the page views and citations
of articles, but this too remains highly controversial. For

example, two recent studies [19,20] found that intensive social
media promotion significantly increased page views of scholarly
articles. A more recent study [21] found that an intensive social
media promotion strategy yielded a citation advantage to
promoted articles. However, the findings of the Luc et al [21]
study have come under considerable scrutiny due to significant
methodological flaws that suggests that social media promotion
did not yield a citation benefit at all [22-24]. The most
significant methodological flaw was the fact that the papers
listed in the Luc et al [21] paper may have not matched those
described by their methods. Similarly, two rigorous randomized
controlled trials [25,26] found that the promotion of articles in
social media did not yield any increase in article page views.
These results refer to organic tweeting, and an unexamined
question remains if promoted tweets, which measurably lead
to more visits, also lead to more citations. Taken together,
though there are mixed data as to whether social media
promotion increases article page views, there are currently no
replicated data to suggest that the strategy yields a citation
advantage to promoted articles.

Our group previously published studies examining the extent
to which the promotion of articles in a novel cross-publisher
distribution platform (TrendMD) increases article page views,
usage, and citation counts. In a 2014 study, TrendMD article
promotion led to an 87% increase in page views relative to the
control in a 4-week randomized controlled trial [27]. These data
were replicated in in a 3-week crossover trial that found that
promotion of articles in the TrendMD Network yielded a 30%
and 49% weekly increase in page views relative to the control
[28]. In 2017, we completed a 4-week randomized controlled
trial that found articles randomized to TrendMD had a 77%
increase in article saves on Mendeley relative to the control
[29]. These findings were particularly significant because
Mendeley saves are not only a robust measure of article usage,
but the metric is also strongly correlated to future citations
[30-34]. Building on these data, in 2019, we conducted a
randomized controlled trial including 3200 articles published
across 8 subject areas (eg, medicine, physics, business, and
humanities) and found that promotion of articles over 6 months
conferred an overall statistically significant 50% citation
advantage to promoted articles relative to the control at 12
months [35]. TrendMD promotion increased citations for 3 of
8 disciplines tested, yielding the largest citation advantage to
articles published in the subject areas of health, medical, and
life sciences. Taken together, results of our studies suggest that
TrendMD confers a short-term page view, usage, and citation
advantage; however, we do not know whether the measured
advantages persist over time or becomes diluted by other factors
[36].

In this study, we conducted a follow-up analysis to our 12-month
randomized controlled trial to determine whether the citation
advantage persists at 36 months. We also sought to determine
whether TrendMD’s effect on citation counts were specific to
particular disciplines or consistent across all disciplines. We
hypothesized that the promotion of articles in TrendMD would
yield a persistent citation advantage at 36 months. We further
hypothesized that this effect would be seen across more
disciplines than initially measured at 12 months.
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Methods

Summary
The majority of the Methods section included herein were copied
verbatim from the Methods section we describe in our previously
published 12-month randomized controlled trial [35].

We conducted a 36-month randomized controlled trial that
included 3200 articles published in 64 peer-reviewed journals
across 8 subject areas. The length of the study was 6 months
for the intervention and an additional 30 months of observation
for a total of 36 months. We published our initial findings at 12
months [35]. We measured citations at 6, 12, and 36 months.
The subject areas/categories were selected based on the 8
categories listed in Google Scholar [37]. The categories selected
were business economics and management; chemical and
materials sciences; engineering and computer science; health
and medical sciences; humanities, literature, and arts; life
sciences and earth sciences; physics and mathematics; and social
sciences. For each subject area, the top 20 journals ranked by
Google Scholar’s h-5 index were selected (Google Scholar only
displays the top 20 journals in each subject area). Please see the
supplementary material published in our 2019 study [35] for
our rationale for using Google Scholar and the h-5 index in our
selection criteria. Eight journals were then randomly selected

with a random number generator from the top 20 in each subject
area to be included in the study; we did this as opposed to
selecting the top journals in each subject area so that our sample
would include a randomized mixture of journals of high and
lower impact in each subject area. Including both high and lower
impact journals was important to our study because we wanted
to mitigate the potential confounder that TrendMD promotion
is only effective in high impact journals. Journals that were not
indexed in Scopus or Web of Science were excluded from the
study. Preprint servers such as ArXiv were also excluded from
the study.

Starting from April 2018, 50 of the most recently published
original articles or review articles in each journal were selected
for inclusion in the study. Articles selected for inclusion were
published online between January 2017 and April 2018; this
includes early view articles. Articles were excluded if they did
not contain an abstract or DOI. Block randomization using a
random number generator at the subject level was used to
randomize articles to either the control or the intervention arm
of the study. For each subject area, 200 articles were randomized
to the control, and 200 articles were randomized to the
intervention. In total, 1600 articles were randomized to the
control, and 1600 articles were randomized to the intervention.
The overall study design is presented in Figure 1.

Figure 1. Overall study design.

Intervention
TrendMD [38] is a cross-publisher article recommendation and
distribution platform that, as of May 2019, was embedded on
over 4700 journals and websites from 300 publishers and seen

by approximately 125 million readers per month. Roughly
two-thirds of the TrendMD Network is related to scientific,
technical, and medical (STM) publications; the other one-third
is a relatively even split between social sciences, humanities,
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and business publications. Participating publishers use TrendMD
to distribute their published article links within the article
recommendations displayed on articles within their journals
(nonsponsored recommendations) or third-party journals within
the TrendMD Network (sponsored recommendations; please
see Figures 2 and 3). TrendMD’s content distribution model is
benchmarked to similar services in the consumer web, where
the leading networks Outbrain [39] and Taboola [40] generate
the “From the web” and “You may like” recommendations seen
alongside the content on many popular websites like CNN or
BBC [29,35] (please see Figure 4 for reference).

The intervention consisted of the promotion of 1600 articles in
the TrendMD Network for 6 months, between May 1, 2018,
and November 2, 2018. Articles included in the TrendMD
Network are displayed as recommended article links. Links to

articles randomized to TrendMD were displayed as sponsored
recommended links on publications participating in the
TrendMD Network. There was an average of 4300 participating
journals and 121 million readers per month during the course
of the study. The frequency of sponsored article link placements
is determined by a relevancy score based on the following:
relatedness (ie, keyword overlap), collaborative filtering (similar
to Amazon’s “people who bought this item also bought that
item”), and user clickstream analysis (the Netflix approach,
basing recommendations on the users’ interests expressed
through their online history) [27-29,35]. As a result of the
relevancy scoring system, some articles randomized to TrendMD
were both seen more often (ie, accrued more link impressions)
and clicked on more frequently than others in the TrendMD
Network.

Figure 2. TrendMD: sponsored versus nonsponsored links.

Figure 3. How the TrendMD Network works.
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Figure 4. TrendMD widget display.

The sponsored links are displayed in the TrendMD Network as
long as they are relevant and the advertiser account balance is
greater than US $0. An account in TrendMD was created for
this study. The 1600 articles randomized to TrendMD received
a maximum total budget of US $9600 at a cost-per-click of US
$0.10 for 96,000 sponsored TrendMD clicks. The account was
allowed to spend up to a maximum for US $1600 per month,
or 16,000 clicks per month, over the 6-month study period for
a total of 96,000 clicks. The actual amount spent by the account
was US $1600 per month; all clicks were delivered each month
throughout the 6-month study. A summary of how TrendMD
works and the outcomes measured can be seen in Figure 3.

Control
Articles randomized to the control (n=1600) received no
promotion in the TrendMD Network. Articles randomized to
the control received traffic by organic means (eg, Google,
Google Scholar, or PubMed) and other means implemented by
publishers or authors of content outside the context of this study.

Primary Outcome
The primary outcome of our study is the mean citation counts
for articles randomized to TrendMD compared to the control
at 36 months. Article citation counts at 36 months were extracted
through the Scopus application programming interface (API)
on March 30, 2021.

Secondary Outcomes

Thirty-six–Month Analysis
Mean citation counts after 36 months were compared for articles
randomized to TrendMD versus control for each of the 8 subject
areas. This analysis was completed to assess whether the effects
of TrendMD promotion were discipline specific. Article citation
counts were extracted from the Scopus API on March 30, 2021.

Twelve- and Six-Month Analysis
Mean citation counts after 12 and 6 months were compared for
articles randomized to TrendMD versus the control. Article
citation counts were extracted from the Scopus API on May 2,
2019, for the 12-month data and on November 2, 2018, for the

6-month data. These data were also published in our 2019 paper
and included here for convenience to readers [35].

Statistical Analysis
We performed an a priori power calculation to determine the
necessary sample size (n=1600 in each arm of the study) to
detect differences in our primary outcome of mean citation
counts between groups at 12 months. Please see our previously
published paper for how we determined the required sample
size in each arm of the study [35]. The study was not powered
to detect differences in citation counts at 6 or 36 months nor
was it powered to detect differences across the subject area–level
comparisons at any of the time intervals. To power a study to
detect differences at the subject level, each subject would have
required between 1000 to 3000 articles in each arm of the study,
which was not feasible for us to conduct for budgetary reasons.

Baseline characteristics of articles at the start of the study were
tabulated and compared across randomized arms of the study.
We categorized articles by subject area, access type (closed vs
OA), Journal Impact Factor, and citations and Mendeley saves.
Both the primary and secondary outcomes were analyzed with
the two-sample t test on log-transformed data (1 + x). In the
event that mean differences were statistically significant, we
calculated effect sizes using Cohen d [41] on log-transformed
data. Cohen d is defined as the difference between two means
divided by a SD for the data. Lastly, we performed a stepwise
and backward multivariate ordinary least squares (linear)
regression analysis to determine the predictors of citations at 6,
12, and 36 months; we used log-transformed dependent variables
in the model. A significance value of 0.1 was used for the
removal of variables in our stepwise regression model. Journal
Impact Factor, access type (ie, OA vs closed), baseline
Mendeley saves and citations, and TrendMD clicks (ie, clicks
on promoted article links) and impressions (ie, display of
promoted article links) were covariates in the regression model;
they were selected as covariates because each of them has
known independent effects on citations (eg, Journal Impact
Factor is a predictor of citation counts) and do not have issues
of multicollinearity. We did not collect data on all possible
predictors of citations (eg, number of authors or international
collaboration) in our regression model, as this was out of scope

J Med Internet Res 2021 | vol. 23 | iss. 12 | e34051 | p.1343https://www.jmir.org/2021/12/e34051
(page number not for citation purposes)

Kudlow et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


to our analysis; the primary goal of our regression model was
to determine if TrendMD clicks and impressions were
independent predictors of our primary outcome of citations at
36 months. All regressions adjusted the SEs for clustering of
citations using Huber-White SEs; this corrected for
heteroscedasticity [42]. Residuals were analyzed for normality
using the Kolmogorov-Smirnov test; we also analyzed the
residuals using skewness and kurtosis statistical values and
compared to SE values.

A 2-tailed P<.05 was considered statistically significant. To
mitigate the type I error rate, the Bonferroni correction method
was used to control for multiple comparisons made for the 8
disciplinary differences in mean citation counts [43]. A 2-tailed
P<.006 was considered to be statistically significant for mean
differences in Mendeley reader and citation counts across subject
areas. Arithmetic mean values for Mendeley saves and citation
counts are shown with 95% CIs on non–log-transformed data
unless otherwise specified. Tests for normality were included

in the model. SPSS version 25 (IBM Corp) was used to complete
the statistical analyses.

Results

Baseline Characteristics
The following was published verbatim in our previously
published randomized controlled trial [35]; these data and
discussion are included here for convenience of the reader.
Overall, 3200 articles were randomized: 1600 to the TrendMD
arm and 1600 to the control arm. The Kolmogorov-Smirnov
test of the 6-month Mendeley saves (P=.61) and citation count
(P=.13) data retained the null hypothesis that the distributions
were log-normal within the control and TrendMD arms. Tables
1 and 2 show the baseline characteristics of articles randomized
to TrendMD versus the control; no statistical tests were used to
compare any metrics between groups at baseline according to
the CONSORT (Consolidated Standards of Reporting Trials)
2010 guidelines [44].

Table 1. Overall baseline characteristics [35].

Citation count, mean (SD)Mendeley saves, mean (SD)Journal Impact Fact, mean (SD)Open access, nArticles, nIntervention

0.86 (2.98)23.37 (36.33)14.77 (15.87)881600Control

1.04 (3.37)23.79 (39.34)15.41 (16.56)921600TrendMD
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Table 2. Baseline characteristics by subject area [35].

Citation count, mean (SD)Mendeley saves, mean (SD)Journal Impact Factor, mean (SD)Open access, nCategory and intervention

Business, economics, and management

1.02 (1.60)33.99 (43.69)5.28 (1.59)0Control

1.24 (2.26)35.38 (35.60)5.53 (1.55)0TrendMD

Chemical and materials sciences

1.53 (7.27)23.92 (26.95)26.53 (12.20)1Control

1.58 (6.31)25.97 (43.57)31.37 (15.89)1TrendMD

Engineering and computer science

0.29 (0.65)10.44 (16.27)14.48 (9.74)3Control

0.35 (0.97)10.27 (16.83)14.82 (9.93)2TrendMD

Health and medical sciences

1.93 (2.29)37.98 (52.55)35.98 (22.48)11Control

3.1 (5.55)38.04 (62.8)34.42 (21.87)7TrendMD

Humanities, literature, and arts

1.06 (2.08)13.39 (17.36)2.15 (0.86)2Control

0.95 (2.09)13.13 (15.97)2.15 (0.87)2TrendMD

Life sciences and earth sciences

0.37 (0.74)43.33 (53.73)21.57 (13.8)52Control

0.48 (0.85)44.13 (52.87)22.76 (14.42)51TrendMD

Physics and mathematics

0.33 (1.09)8.90 (14.33)7.67 (5.86)10Control

0.31 (1.29)9.04 (18.12)7.74 (5.85)11TrendMD

Social sciences

0.36 (1.16)15.01 (16.56)4.52 (1.08)9Control

0.35 (1.17)14.39 (17.27)4.51 (1.06)18TrendMD

Primary Outcome
Articles randomized to TrendMD (n=1600) showed a 28%
increase in mean citations relative to the control at 36 months
(Figure 5). The mean citations for articles randomized to
TrendMD was 48.05 (SD 113.51), compared to 37.53 (SD
77.36) for articles randomized to the control. The difference in
mean citations for TrendMD articles versus the control was

10.52 (95% CI 3.79-17.25) and was statistically significant
(P=.001). The effect size of TrendMD on citations at 36 months
was small (Cohen d 0.11; Table 3). The cumulative distribution
of article citations at 36 months is shown in Figure 6. The fact
that the TrendMD cumulative distribution curve is shifted to
the right relative to the control indicates the promotion of
increased citation rates across the entire distribution of articles;
the effect was not limited to just a few outlying articles.
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Figure 5. Mean citation count over 36 months: TrendMD versus control.

Table 3. Citation counts at 36, 12, and 6 months.

6 months12 months36 months

TrendMDControlTrendMDControlTrendMDControl

6.18 (16.10)5.12 (10.65)15.16 (40.37)10.10 (19.09)48.05 (113.51)37.53 (77.36)Citations, mean (SD)

1.06 (0.12-2.01)N/A5.06 (2.87-7.25)N/A10.52 (3.79-17.25)N/AaMean difference in citations
(95% CI)

.005N/A<.001N/A.001N/AP value

0.10N/A0.16N/A0.11N/ACohen d

aN/A: not applicable.

Figure 6. Cumulative distribution of citations over 36 months: TrendMD versus control.

Secondary Outcomes

Subject Area Differences in Mean Citations at 36 Months
At 36 months, TrendMD was not found to yield statistically
significant increases in citation counts relative to the control in

any of the individual subject areas. The largest relative
difference in citation counts compared to the control was found
to be in the subject area of health and medical sciences (41%);
however, it was not found to be statistically significant (see
Table 4 and Figure 7 for a breakdown of mean differences for
each subject area).

J Med Internet Res 2021 | vol. 23 | iss. 12 | e34051 | p.1346https://www.jmir.org/2021/12/e34051
(page number not for citation purposes)

Kudlow et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 4. Citations at 36 months by subject area.

P valueMean difference (95% CI)Citations, mean (SD)Articles, nCategory and intervention

.243.95 (–0.66 to 8.56)Business, economics, and management

18.75 (20.45)200Control

22.70 (26.14)200TrendMD

.1812.68 (–1.84 to 27.20)Chemical and materials sciences

60.46 (64.48)200Control

73.14 (82.17)200TrendMD

.408.61 (–3.07 to 20.29)Engineering and computer science

36.80 (46.04)200Control

45.41 (70.31)200TrendMD

.0837.49 (–6.91 to 81.89)Health and medical sciences

92.43 (173.73)200Control

129.92 (267.99)200TrendMD

.89–0.35 (–3.73 to 4.43)Humanities, literature, and arts

12.98 (23.63)200Control

12.63 (17.40)200TrendMD

.0313.51 (–0.91 to 27.93)Life sciences and earth sciences

47.97 (66.14)200Control

61.48 (79.95)200TrendMD

.126.43 (–1.53 to 11.33)Physics and mathematics

14.46 (16.00)200Control

20.89 (31.38)200TrendMD

.051.90 (–2.4 to 6.20)Social sciences

16.39 (20.13)200Control

18.29 (23.52)200TrendMD

Figure 7. Mean citation counts by subject area over 36 months: TrendMD versus control.
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Multivariate Regression Analysis
Overall, our multivariate regression models were a good fit to
predict citations in all articles at 6, 12, and 36 months. The
Kolmogorov-Smirnov test of the residuals (P=.21) were normal;
values for skewness and kurtosis in the residuals were both less
than 1 SE, which suggests that the residual values were not
significantly different from the expected value of zero for a

normal distribution. Our models predicted 41%, 43%, and 44%
of the variation in citation counts at 6, 12, and 36 months,
respectively. Clicks driven by TrendMD were found to be an
independent predictor of citations; articles that received the
greatest number of clicks from TrendMD had the largest citation
advantage at 36 months (see Table 5 for the standardized beta
coefficients for each covariate in the model).

Table 5. Multivariate regression model: standardized beta coefficients at 36, 12, and 6 months.a

6 months12 months36 monthsStandardized beta coefficients

0.3230.3290.286Baseline citations

0.1630.2160.209Baseline Mendeley saves

0.2220.1750.207Journal Impact Factor

NS (0.721)NS (0.847)NSb (0.664)cAccess type

0.1530.1820.266TrendMD clicks

0.0730.063NS (0.342)TrendMD impressions

aAll other variables included in the regression model were significant at P<.001.
bNS: nonsignificant.
cSignificance values for nonsignificant variables excluded in the model are included in brackets.

Discussion

To the best of our knowledge, this was the first randomized
controlled trial to demonstrate how relatively brief
postpublication promotion of peer-reviewed articles over a
6-month period can be used to persistently increase citation
rates of those articles after 36 months. The overall citation
advantage conferred by article promotion in the TrendMD
Network was 28% relative to the control at 36 months, which
dissipated from a 50% citation advantage at 12 months. Despite
the overall citation advantage observed at 36 months, we did
not find a statistically significant increase to citation counts
within individual subject areas included in this study. There
were, however, larger, albeit nonstatistically significant
differences in citation counts measured in certain subjects versus
others. For example, health and medical sciences articles saw
larger citation increases than articles published in humanities,
literature, and arts journals. One possible explanation for this
could be because two-thirds of the TrendMD Network are STM
journals; therefore, the effect size of promotion is likely to be
larger for STM articles rather than humanities-related articles.
The other possible explanation for the smaller citation
advantages in some subject areas is because of differing
publication cycle lengths, which have a direct effect on the
speed in which citations accrue overtime. Articles in the fields
of medicine, life sciences, and physics, for example, are typically
published faster in comparison to articles in the humanities and
social sciences [2].

Notwithstanding, our study was not powered to detect
differences across the subject area–level comparisons; therefore,
the negative findings across individual subject areas are likely
due to the small sample sizes and resulting type II errors [45].
Given that we found an overall citation advantage at 36 months
and found a Mendeley save advantage in 7 of the 8 subject areas
at 6 months, it is reasonable to conclude that studies using larger

sample sizes within subject areas over periods longer than 36
months may have shown an increase in citations. Future studies
using larger sample sizes within subject areas over longer
periods of time are needed to determine whether, and to what
degree, promotion of articles in the TrendMD Network confers
a citation advantage to individual subject areas.

We initially hypothesized that the overall 50% citation
advantage observed at 12 months would increase over time due
to the time it takes citations to accrue from manuscripts passing
through peer review and onto publication [2]. However, our
data suggests the citation advantage conferred to promoted
articles dissipated between 12 and 36 months, which could be
due to multiple factors affecting article citation rates, such as
author credentials, subject matter, and cited references [36]. We
do not know the precise timing of the peak of the citation
advantage because we only measured citation counts at 6, 12,
and 36 months. Future studies are warranted that measure
citation rates at more frequent intervals to discern when the
citation advantage conferred to promoted articles are at its
maximum.

Based on these data, we can speculate on the mechanism in
which TrendMD conferred a sustained citation advantage to
promoted articles at 36 months. Readers clicking on promoted
article links displayed in the widget that they may have not
otherwise discovered, saved these articles to their Mendeley
reference libraries, and cited these articles while creating their
own scholarly work. This pathway is evidenced by the fact that
page views (ie, clicks) driven by TrendMD were an independent
predictor of both Mendeley saves at 6 months and citations at
6, 12, and 36 months (Table 5).

The findings of our study significantly add to the limited corpus
of literature examining the efficacy of strategies to augment
citation counts of peer-reviewed research. Though publishing
research in OA journals is the most widely studied strategy to
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augment citation counts, the extent to which the OACA exists
or is confounded by selection bias remains unknown
[7,11,12,15,16]. In addition, even if the OACA did exist at some
point in time in the past, the more that OA content becomes the
standard, the less likely the strategy will yield citation benefits
as the effect will be ubiquitous across all articles. Other
strategies such as the promotion of peer-reviewed literature in
social media platforms for the purpose of enhancing citation
counts have similarly yielded inconclusive and, at times,
conflicting results [21-23,25,26]. These data presented in our
study address a pressing unmet need of authors, publishers, and
funders for evidence-based strategies that can be used to enhance
discoverability by the right targeted audience, which in turn
augments the usage and citations counts of peer-reviewed
content.

The research presented here has several strengths. First, the
outcome of citation counts is unbiased and objective, increasing
the reproducibility of the results. Second, we used a rigorous
randomized controlled trial design, which minimizes the
likelihood of bias and confounding. Third, our sample size was
large, and our study was adequately powered for outcomes of
differences in mean citations.

There are, however, several limitations to this research. First,
all authors have a conflict of interest with the results presented
as creators (PK and GE) or employees (TB) of TrendMD. Risk
of bias, however, was mitigated by the randomized controlled
trial design. Second, although our study was adequately powered
to detect mean differences in citation counts across all articles
at 12 months, our study was not adequately powered to detect
mean differences in citation counts between disciplines. Third,
our inclusion criteria of randomly selecting articles published
in 8 out of the top 20 journals with the highest h-5 index in
Google Scholar categories may make our results less
generalizable to articles published in journals with lower Impact
Factors. We attempted to mitigate this possible limitation by
randomly selecting 8 of the top 20 journals in each subject.
Future studies are needed to determine whether TrendMD still
confers an enduring citation advantage to articles published in
lower Impact Factor journals. Another limitation and question

that stems from these data is whether longer periods of
promotion beyond 6 months would yield larger and more
enduring benefits to citation counts. Future studies using
promotion periods longer than 6 months are needed to determine
whether there is a dose-dependent relationship between the
length of the article promotion period and the magnitude of
citation advantage conferred. Our group has previously
completed a study showing that there is indeed a dose-dependent
relationship between the intensity of article promotion and page
views [28]; however, the degree to which the increase in page
views leads to a citation advantage is not known. It is also
possible that a longer promotion period of articles may saturate
over time as readers are presented with the same article links;
future studies are needed to determine whether prolonged
promotion of articles lead to diminishing rates of return for
citations. Lastly, the number and type of publishers participating
in the TrendMD Network may change over time, which may
affect the reproducibility of our findings [35]. Past studies
indicate that the efficacy of TrendMD promotion is dependent
on the number and type of publishers participating in the
Network [28,29]. In general, replicated data indicates that the
more publishers across subject areas using TrendMD the greater
the efficacy of the channel to confer benefits to article visibility
and usage [35]. If publishers stopped using TrendMD, the
channel is unlikely to be as effective at augmenting citation
counts as described in this study. More generally, there are, of
course, limitations to citation analyses; citations only reflect
activity in academia, and the usefulness of citations as indicators
varies greatly between fields [46].

Despite the limitations, this study demonstrates that the
promotion of articles in a cross-publisher online distribution
channel (TrendMD) over a 6-month period can be used to
persistently increase citations of articles after 36 months. Though
we did not find a statistically significant increase in citation
counts within individual subject areas at 36 months, this was
likely due to small sample sizes and insufficient power, which
resulted in type II errors. The overall citation advantage
conferred to promoted articles was observed at 6 months,
appeared to peak at 12 months, and endured, albeit to a lower
level relative to the control at 36 months.
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Abstract

Background: Given the ongoing COVID-19 pandemic situation, accurate predictions could greatly help in the health resource
management for future waves. However, as a new entity, COVID-19’s disease dynamics seemed difficult to predict. External
factors, such as internet search data, need to be included in the models to increase their accuracy. However, it remains unclear
whether incorporating online search volumes into models leads to better predictive performances for long-term prediction.

Objective: The aim of this study was to analyze whether search engine query data are important variables that should be included
in the models predicting new daily COVID-19 cases and deaths in short- and long-term periods.

Methods: We used country-level case-related data, NAVER search volumes, and mobility data obtained from Google and Apple
for the period of January 20, 2020, to July 31, 2021, in South Korea. Data were aggregated into four subsets: 3, 6, 12, and 18
months after the first case was reported. The first 80% of the data in all subsets were used as the training set, and the remaining
data served as the test set. Generalized linear models (GLMs) with normal, Poisson, and negative binomial distribution were
developed, along with linear regression (LR) models with lasso, adaptive lasso, and elastic net regularization. Root mean square
error values were defined as a loss function and were used to assess the performance of the models. All analyses and visualizations
were conducted in SAS Studio, which is part of the SAS OnDemand for Academics.

Results: GLMs with different types of distribution functions may have been beneficial in predicting new daily COVID-19 cases
and deaths in the early stages of the outbreak. Over longer periods, as the distribution of cases and deaths became more normally
distributed, LR models with regularization may have outperformed the GLMs. This study also found that models performed better
when predicting new daily deaths compared to new daily cases. In addition, an evaluation of feature effects in the models showed
that NAVER search volumes were useful variables in predicting new daily COVID-19 cases, particularly in the first 6 months
of the outbreak. Searches related to logistical needs, particularly for “thermometer” and “mask strap,” showed higher feature
effects in that period. For longer prediction periods, NAVER search volumes were still found to constitute an important variable,
although with a lower feature effect. This finding suggests that search term use should be considered to maintain the predictive
performance of models.

Conclusions: NAVER search volumes were important variables in short- and long-term prediction, with higher feature effects
for predicting new daily COVID-19 cases in the first 6 months of the outbreak. Similar results were also found for death predictions.

(J Med Internet Res 2021;23(12):e34178)   doi:10.2196/34178
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Introduction

COVID-19 is a new disease entity that has caused a global
pandemic, with more than 200 million cases and 4.5 million
deaths since it was first reported at the end of December 2020
[1]. In contrast to the previous outbreaks of SARS and Middle
East respiratory syndrome (MERS) that spread in clustered
countries, COVID-19 exhibited massive disease transmission
and longer periods of spread, even with implementation of
multiple public health measures. Given this situation, predictions
could greatly help in health resource management [2],
particularly in terms of human resources and medical equipment
deployment [3], as well as in preparing for upcoming future
waves [4]. This approach will be beneficial for policy makers
and health care managers [2], both in national government and
at the level of local authorities [3].

However, as a new entity, COVID-19’s disease dynamics
seemed difficult to predict [5]. Most existing COVID-19
prediction models are highly dependent on confirmed cases,
which may lag behind underlying infections [6]. The number
of confirmed cases may only represent the number of people
who have sought medical attention due to the occurrence of
moderate to severe symptoms [5]. Therefore, external factors
need to be included in models to increase the accuracy of these
models.

One of the most common emerging external variables included
in COVID-19 prediction models is comprised of internet search
data. These data are collected during information-seeking
activities on Google, NAVER, Daum, Baidu, and other search
engines. Studies used information-seeking activities are part of
infodemiology studies. The term “infodemiology” was first
introduced by Eysenbach [7] in 2002 as an acronym of
information epidemiology. This field aimed to analyze online
information in terms of its distribution and determinants for
public health–related purposes [8]. In addition, infodemiology
is a fast-growing field of research that can be assessed both
from demand- and supply-side studies [9]. Search engine query
data in infodemiology studies are used in demand-based studies,
which may have several advantages in the case of the COVID-19
pandemic. An increase in search data has commonly preceded
traditional COVID-19 metrics [5,10,11]; as such, these data
may provide a real-time indication of symptoms in a population
[6]. Therefore, constructed models could possibly detect new
waves or peaks at an earlier stage of the outbreak [5].

A study by Rabiolo et al [12] found that models that included
search data performed better than those that did not include the
search volumes in the first month of outbreak prediction. Similar
findings were also shown in two previous analyses—one
studying data from Iran [13] and another studying data from

India, the United States, and the United Kingdom [14]—for
periods of 1 month and 3 months, respectively, after the first
case was detected. However, other studies conducted in the
United States demonstrated low accuracy in model prediction
[15] and variability in model performances among states and
time periods [16]. Both of those studies were constructed using
time series data of less than 2 months. Hence, it remains unclear
whether models incorporating online search volumes will lead
to better predictive performances for longer periods of prediction
of new daily COVID-19 cases and deaths. In this study, we
assessed the predictive performance of NAVER search volumes
at different pandemic stages in South Korea. Data were
aggregated into four subsets: 3, 6, 12, and 18 months after the
first case was reported. In brief, this study aimed to analyze
whether search engine query data constitute an important
variable for inclusion in models for short- and long-term
prediction of new daily COVID-19 cases and deaths.

Methods

Data Sets
In this study, we used country-level case-related data, NAVER
search volumes, and mobility data from Google and Apple.
NAVER search volumes were retrieved from NAVER’s website
[17] using terms related to COVID-19 and popular terms as of
July 31, 2021. Terms in Korean, followed by their English
translation, included the following: 코로 나 바이러스
(coronavirus), 코로나 바이러스 테스트 (coronavirus test), 메
르 스 (MERS), 마스크 (face mask), 사회적 거리두기 (social
distancing), 신천지 (Shincheonji), kf94 마스크 (kf94 mask),
일회용 마스크 (disposable mask), 온도계 (thermometer), 손
소독제 (hand sanitizer), 마스크스트랩 (mask strap), and Kf80
마스크 (kf80 mask). NAVER search volumes were queried in
the Korean language, with quotation marks used for terms with
more than two words, for all types of searches, genders, and
age groups. Mobility data were collected from Google’s
Community Mobility Reports [18] and Apple’s Mobility Trends
Reports [19]. In addition to case-based data, daily cumulative
COVID-19 cases and deaths were downloaded from the
country-level time series data repository from the Center for
Systems Science and Engineering at Johns Hopkins University
[20]. A detailed description of all data used in this study is given
in Table 1. Case-related data were retrieved from January 20,
2020—when the first COVID-19 case was reported in South
Korea—to July 31, 2021. NAVER search volumes and mobility
data were queried with a lag of 3 days to include more-recent
observations in the analysis. Data were then aggregated into
four subsets: 3, 6, 12, and 18 months after the first case was
reported (Figure 1). Moreover, we also retrieved the monthly
top 10 terms in the life and health category from NAVER
beginning in April 2020 (Multimedia Appendix 1).
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Figure 1. Time series of new daily COVID-19 cases and deaths in South Korea from January 20, 2020, to July 31, 2021. The information at the bottom
of the figure describes the percentage of terms related to COVID-19 per month, from April 2020 to July 2021, out of the monthly top 10 terms for the
life and health category (N=10). The list of terms is provided in Multimedia Appendix 1.

Statistical Analysis
Explanatory variables (Table 1 [21]) were used to develop
models for predicting new daily COVID-19 cases and deaths.
The first 80% of the data in all subsets were used as the training
set, and the remaining data served as the testing set. In order to

determine the best-fitting model in each subset, generalized
linear models (GLMs) with three different distributions (ie,
normal, Poisson, and negative binomial) were developed, along
with linear regressions (LRs) with lasso, adaptive lasso, and
elastic net regularization.

Table 1. Data set description.

UseData descriptionData seta

Time series graph, correla-
tion, and prediction analysis

Daily cumulative cases and deaths; used to calculate new daily cases and deathsCase-based data

Correlation and prediction
analysis

Daily changes in time spent in six categorized places—retail and recreation, grocery and
pharmacy, parks, transit stations, workplaces, and residential areas—compared to baseline
days; median value from January 3 to February 6, 2020

Google Community Mobili-
ty data

Correlation and prediction
analysis

Daily relative volume of direction requests, in driving and walking situations, in Apple
Maps compared to a baseline volume on January 13, 2020

Apple Mobility Trends data

Correlation and prediction
analysis

Daily online searches made through NAVER search engines; data ranged from 0 to 100;
queries were made based on 12 terms used in our previous study [21] and popular terms
related to COVID-19 as of July 31, 2021, from the life and health category; data were
retrieved using terms in the Korean language, with quotation marks used for terms of
more than two words, for all types of searches, genders, and age groups

NAVER search volumes

aAll data sets include country-level data.

All analyses and visualizations were conducted using SAS
Studio, which is part of SAS OnDemand for Academics (SAS
Institute Inc). For the GLMs, proc hpgenselect in SAS was used

to develop and test the model performance with stepwise
selection and an α level of .05 in selecting variables for the
model. Only statistically significant variables (P<.05) were
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included in the model. Furthermore, proc glmselect in SAS was
used to construct LR models with steps of 25 and with the lowest
Akaike information criterion (AIC) values in defining model
selection. The 25 model construction steps were chosen in order
to provide sufficient steps to define the best model with the
lowest AIC value. Root mean square error (RMSE) values were
defined as loss functions to assess the performance of models
in the four subsets..

Results

Characteristics of New Daily COVID-19 Cases, Deaths,
Mobility, and Search Data
The first case of COVID-19 in South Korea was reported on
January 20, 2020, as shown in Figure 1. In the first 3 months
of the outbreak, the mean number of new daily cases was
116.02. During this period, massive numbers of coronavirus
tests were conducted along with the strict implementation of
the social distancing policy. On February 7, 2020, the first
coronavirus test kit was approved [22], and the first coronavirus
drive-through test center was opened on February 23, 2020 [23].
The curve of cases was flattened, which led to an easing of
social distancing rules at the national level beginning on May
6, 2020. A contact tracing system called KI-Pass was also
introduced during this period [24]. Thus, with implementation
of strict public health measures, the average new daily cases in
the first 6 months of the outbreak dropped to 75.50, which was
lower than that in the first 3 months.

However, a surge of cases occurred in mid-August, which led
to a reinstating of level 2 restrictions beginning on August 28,
2020, in conjunction with mandatory mask-wearing. On October
12, 2020, restrictions were eased throughout most of the country,
although a huge surge of cases developed as of mid-November.
Level 2 restrictions were then tightened again [24]. This wave
of cases remained high until the early months of 2021.

The first COVID-19 vaccine in South Korea was rolled out on
February 28, 2021 [25]. Through the end of May, more than
700,000 people were newly vaccinated each day, but this number
began to decrease by the end of June [26]. In early July, only

around 1665 people were being vaccinated each day [27].
During this period, an immense wave of cases occurred that led
to implementation of level 4 social distancing rules for the
greater Seoul area beginning on July 26, 2021 [28]. The number
of cases during this wave was larger than that of the other waves
since the first reported COVID-19 case in South Korea. Time
series analyses of new daily COVID-19 cases showed that
implementation of public health measures heavily impacted the
progression of cases. The number of new daily deaths seemed
to follow the dynamics of COVID-19 cases, which were
relatively higher in the third wave and lower in the fourth wave.

During the four waves of COVID-19 cases in South Korea,
searches using various terms related to COVID-19 were captured
in the NAVER database. In Figure 1, percentages of terms
related to COVID-19 in the life and health category are
presented. Due to the limitations of data querying in NAVER,
retrospective top searches are only displayed starting from April
2020. A list of the top monthly terms is provided in Multimedia
Appendix 1.

Figure 1 shows that a high percentage (9/10, 90%) of
COVID-19–related terms were used in searches until June 2020.
Afterward, the percentages decreased in the remaining months,
with the lowest percentage (2/10, 20%) in November and
December 2020. Relatively constant percentages of 30% (3/10)
to 40% (4/10) of COVID-19–related terms used in internet
searches were found in 2021. These findings reveal a massive
use of COVID-19–related terms during online
information-seeking activities in the early phase of the outbreak
and a decreased pattern during the longer periods of the
outbreak. In addition, top searches were mostly related to face
masks, along with thermometers in April 2020 and hand
sanitizers in August and September 2020.

Furthermore, decreased trends of mobility captured by Google
were found to resemble the dynamics of cases and deaths
(Figures 2 and 3). This differed from Apple mobility data, which
seemed to be higher in the first and second waves and increased
as the fourth wave developed. Moreover, increased numbers of
searches seemed to precede the surge in cases and deaths.
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Figure 2. Time series of new daily COVID-19 cases, mobility data (top plots), and NAVER searches (bottom plots) in South Korea from January 20,
2020, to July 31, 2021.
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Figure 3. Time series of new daily COVID-19 deaths, mobility data (top plots), and NAVER searches (bottom plots) in South Korea from January 20,
2020, to July 31, 2021.

Correlations of New Daily COVID-19 Cases and
Deaths With Explanatory Variables in the Training
Sets
In the early stages of the outbreak, regarding subsets 1 and 2,
new daily cases in the last 3 days (r=0.75, r=0.83), Google
mobility data (retail and recreation: r=–0.82, –0.72; transit
stations: r=–0.79, r=–0.70; residential areas: r=0.80), Apple
mobility data (driving: r=–0.73; walking: r=–0.72), and NAVER
search volumes (face mask: r=0.75; Shincheonji: r=0.83;
thermometer: r=0.83, r=0.70) were highly correlated with new
daily COVID-19 cases (Multimedia Appendix 2). In the third
and fourth subsets, high correlations were only found between
new daily COVID-19 cases and new daily cases in the last 3
days (r= 0.85, r=0.93). Moreover, moderate correlations were
found between new daily COVID-19 cases in the third subset
and Google mobility data (retail and recreation: r=–0.53) and
between new daily COVID-19 cases in the last subset and new
daily deaths in the last 3 days (r=0.62), Apple mobility data
(driving: r=–0.62), and NAVER search volumes (disposable
mask: r=–0.55). Negative correlations were mostly found
between new daily COVID-19 cases and mobility data, which
showed a decrease in the public’s mobility during the pandemic
period, particularly in the early stage of the outbreak. Negative
correlations were also observed between new daily COVID-19
cases in the last subset of NAVER search volumes.

For new daily COVID-19 deaths, high correlations were only
found for Apple mobility data (driving: r=–0.72; walking:
r=–0.73) and NAVER search volumes (social distancing:
r=0.72) in the first subset, and new daily cases in the last 3 days
(r=0.71) and deaths (r=0.72) in the last subset. Similar to results
in new daily COVID-19 cases, most of the negative correlations
were found in mobility data in all subsets and NAVER search
volumes in the last subset. Only Google mobility data for
residential areas were positively correlated in all sets with both
new daily COVID-19 cases and deaths. Results of the correlation
analysis showed that higher correlations tended to be found in
case-based data as the outbreak progressed, while reverse
findings were found in mobility and internet search data.

Model Performance
GLMs with a Poisson distribution performed better as compared
to the other models in predicting new daily COVID-19 cases
in the first subset (Table 2). This finding suggests that at the
early stage of the COVID-19 outbreak in South Korea, new
daily cases more closely resembled a Poisson distribution. Later,
in the second subset, the distribution of cases tended to be
normally distributed, leading to a GLM with a normal function
becoming the best performing model. GLMs with Poisson and
negative binomial distributions resulted in larger RMSE values,
which suggest that the distribution of cases in this subset did
not follow those distributions that tended to be skewed.
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In the third and fourth subsets, the LR without regularization
(GLM1) and the LR with regularization (LR1-3) performed
very similarly (Figure 4). This finding shows that GLMs
performed better in the first 6 months of the outbreak. Over a
longer period, LR models with regularization outperformed the
GLMs. In addition, better performance of the model was found

in predicting new daily deaths compared to new daily cases
(Figures 4 and 5). For death predictions, the best performing
models were the GLM with a negative binomial function in the
first, second, and fourth subsets, and the LR with adaptive lasso
regularization in the third subset.

Table 2. Assessment of the performance of the models.

Subset 4a, RMSESubset 3a, RMSESubset 2a, RMSESubset 1a, RMSEbModel

Test setTraining setTest setTraining setTest setTraining setTest setTraining set

Predictions of new daily COVID-19 cases

219.2285.75378.9448.0132.70d53.0466.9262.22GLM1c

429.51120.76495.8848.19569,037.9236.8029.29d43.71GLM2e

4161.61330.15543.20184.598,247,155.77329.49587.65982.42GLM3f

216.22d85.09373.5848.2044.9250.9060.1758.57LR1g

216.7084.52366.19d48.0078.3249.4179.5756.88LR2h

217.8184.42373.5848.2044.9250.9069.1356.51LR3i

Predictions of new daily COVID-19 deaths

4.892.806.792.081.042.524.893.10GLM1

5.262.827.652.230.472.715.523.24GLM2

4.64d3.8117.022.240.19d2.723.79d3.25GLM3

5.232.755.212.161.712.624.953.05LR1

5.382.754.82d2.190.702.614.503.04LR2

5.232.755.232.161.712.624.953.05LR3

aSubsets 1 to 4: 3, 6, 12, and 18 months after the first case was reported in South Korea, respectively.
bRMSE: root mean square error.
cGLM1: generalized linear model with a normal distribution.
dThe lowest RMSE value in the test subset.
eGLM2: generalized linear model with a Poisson distribution.
fGLM3: generalized linear model with a negative binomial distribution.
gLR1: linear regression model with lasso regularization.
hLR2: linear regression model with adaptive lasso regularization.
iLR3: linear regression model with elastic net regularization.
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Figure 4. Time series of new daily COVID-19 cases in South Korea from January 20, 2020, to July 31, 2021, and predicted values in the generalized
linear models (GLMs) and linear regression (LR) models. GLM1: GLM with a normal distribution; GLM2: GLM with a Poisson distribution; GLM3:
GLM with a negative binomial distribution; LR1: LR model with lasso regularization; LR2: LR model with adaptive lasso regularization; LR3: LR
model with elastic net regularization; RMSE: root mean square error.

Figure 5. Time series of new daily COVID-19 deaths in South Korea from January 20, 2020, to July 31, 2021, and predicted values in the generalized
linear models (GLMs) and linear regression (LR) models. GLM1: GLM with a normal distribution; GLM2: GLM with a Poisson distribution; GLM3:
GLM with a negative binomial distribution; LR1: LR model with lasso regularization; LR2: LR model with adaptive lasso regularization; LR3: LR
model with elastic net regularization; RMSE: root mean square error.

Feature Effects
In terms of the importance of the variables, NAVER search
volumes produced higher parameter estimates in the models
compared to case-based variables, Google mobility variables,
and Apple mobility variables in the first and second subsets
(Multimedia Appendix 3) in predicting new daily COVID-19
cases. This finding infers that NAVER search volumes might
have affected the model performances to a greater extent and
illustrates the usefulness of those variables, particularly searches

for “thermometer” and “mask strap.” However, parameter
estimates of NAVER search volumes tended to have decreased
in the third and fourth subsets. Higher parameter estimates were
found in Google mobility data (ie, residential areas, transit
stations, and workplaces) along with Apple mobility data (ie,
driving) and case-based data (ie, new daily deaths in the last 3
days).

In this study, inclusion of NAVER searches for “thermometer”
in models with longer periods seemed to be beneficial. In
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addition, negative values of parameter estimates were found for
most of the mobility data, except for the residential type, in all
subsets. Negative parameter estimate values were also found in
NAVER searches for “coronavirus,” “coronavirus test,”
“MERS,” “face mask,” “kf80 mask,” “disposable mask,”
“Shincheonji,” and “hand sanitizer” in the third and fourth
subsets.

In contrast to the abovementioned results, predictions of new
daily deaths showed similar values of parameter estimates for
case-based variables, mobility data, and NAVER search volumes
(Multimedia Appendix 4). The numbers of variables included
in the model were relatively fewer in the first and second sets
compared with that in the third and fourth sets. However, most
of the NAVER search volume variables were still included in
the model, even in the last subset. Negative parameter estimate
values were found for most of the mobility data, except
workplace and residential types, in all subsets. Similarly,
negative parameter estimate values for NAVER searches were
also found in all sets. However, positive parameter estimate
values were seen in all sets for case-based variables.

Discussion

Principal Findings
This study demonstrated an easy and explainable approach for
determining the predictive performance of NAVER search
volumes in four different subsets: 3, 6, 12, and 18 months after
the first case was reported in South Korea. Subsets were used
to create scenarios to analyze whether search engine query data
are important variables for inclusion in models for short- and
long-term prediction. In this study, we found that NAVER
search volumes were useful variables in predicting new daily
COVID-19 cases and deaths, particularly in the first 6 months
of the outbreak. For longer prediction periods, NAVER search
volumes were still found to constitute an important variable,
although with a lower feature effect. In addition, this study
discussed the role of search engine query data in infodemiology
studies during the COVID-19 pandemic.

Short- and Long-Term Predictive Performances
Findings exhibited massive use of COVID-19–related terms for
information-seeking activities at the early stage of the outbreak,
which decreased over the longer period of the outbreak. This
indicated a huge surge in information searches in the early
months of the outbreak, as only limited COVID-19–related
information was circulating. However, in later periods, extensive
amounts of information were available, such as online news
and reports by health experts [29]. Thus, these induced decreases
in online information-seeking practices, which were observed
from search term use. Beginning in April 2020, top searches
were mostly related to face masks (Multimedia Appendix 1).
A previous study in South Korea [21] showed increased in
searches for various keywords concerning national and
international events in the first 2 months of the pandemic.
Similar results were also found in a worldwide setting [10],
Taiwan [30], the Philippines [31], and the United States [32,33].
In addition, changes in the use of terms might indicate public
concerns throughout the pandemic stages. In the case of South
Korea, searches tended to be more related to logistical needs,

including face masks, thermometers, and hand sanitizers for
certain months in the longer period of the pandemic.

In terms of the correlation analyses, negative correlations were
observed in the last subset for NAVER search volumes, which
demonstrated a decline of searches as the number of cases
increased. This finding is in line with an earlier study [16].
Moreover, lower correlation coefficients were found in search
data as the outbreak progressed. This indicated the public’s
concern in terms of online information searches related to the
ongoing outbreak, which tended to change over time. In addition
to the prediction models, GLMs with different types of
distribution functions may have been beneficial in predicting
new daily COVID-19 cases and deaths in the early stages of the
outbreak. Nonnormal distributions of cases and deaths could
be better predicted using a Poisson or negative binomial
function. Over a longer period, as the distribution of cases and
deaths changed more into a normal distribution, LR models
with regularization may have outperformed the GLMs. The use
of regularization could also be important in preventing
overfitting due to increased numbers of possible terms used in
the longer period of prediction. This study also found that better
performances of models were achieved in predicting new daily
deaths compared to new daily cases, as found in a previous
study [34]. This finding suggests higher variability of time series
components (ie, trend, seasonality, and error) in new daily
COVID-19 cases, which affected the prediction performances.

Furthermore, feature effects in the models showed that NAVER
search volumes were useful variables in predicting new daily
COVID-19 cases, particularly in the first 6 months of the
outbreak. Searches related to logistical needs, particularly for
“thermometer” and “mask strap,” showed higher feature effects
in that period. Compared to previous studies [12-14], terms with
higher feature effects in the models were varied, from
COVID-19–related terms, symptoms, and preventive measures.
For longer prediction periods, NAVER search volumes were
still found to be important variables, although with lower feature
effects demonstrated from values of the parameter estimates.
This result suggests that term use should be considered to
maintain the prediction performance. This task may be subject
to several challenges, since terms selected from top searches
might not always perform as important variables in the model.
Therefore, extensive keyword queries are needed to ensure that
all possible and related terms are included in the model
development.

Lastly, NAVER search volumes were also found to be beneficial
in predicting new daily COVID-19 deaths, even for longer
periods. Negative parameter estimate values for NAVER
searches in the models were in line with results of the correlation
analyses. This possibly suggests a decline in searches as the
number of cases increases, although NAVER search engine
query data were still regarded as useful variables for inclusion
in the models.

The Role of Internet Search Data in Infodemiology
Studies of COVID-19
As the COVID-19 pandemic has emerged, infodemiological
studies related to COVID-19 grew exponentially. In general,
such studies can be divided into three major subjects: studies
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to understand community online search behaviors, preliminary
studies to assess possible use of search data for prediction
purposes, and prediction analyses. Studies to understand
community online search behaviors are mostly aimed at
assessing how the public responds in online information-seeking
practices during a pandemic situation. Studies conducted by
Strzelecki [11], Effenberger et al [10], Springer et al [35],
Husain et al [32], and Hu et al [36] are examples of this kind
of study. Those studies used search engine query data to
understand patterns of information-seeking behaviors,
particularly in interpreting public interest toward the ongoing
pandemic. Some studies [31,33,37] have also been designed
specifically to understand essential health information searched
for by the public as cases increased. In addition, these types of
studies were also used to assess health risk communication
strategies [30] and health risk perceptions [21].

For preliminary studies to assess the possibility of using search
data for prediction purposes, most studies found high
correlations between COVID-19 cases and online search data
[4-6]. Some also exhibited highly correlated patterns in the
preceding days [2] and weeks [3]. Therefore, internet searches
have become a potential data source for predicting
COVID-19–related metrics. However, limited studies are
available that assess predictive performances of search volume
models. Studies [12-14] conducted in the early months of the
pandemic showed that proposed models that included search
data performed better than those that did not include the search
volumes. However, studies in the United States demonstrated
low accuracy in model prediction [15] and variability in model
performance among states and time periods [16].

Accordingly, in this study, we assessed the predictive
performances of models that incorporated online search
volumes. Data were aggregated into four subsets: 3, 6, 12, and
18 months of time series data. We intended to analyze whether

search engine query data are important variables for inclusion
in models for short- and long-term prediction of new daily
COVID-19 cases and deaths. Results demonstrated promising
use of NAVER search volumes for prediction tasks with higher
feature effects in the first 6 months of the outbreak. Thus, this
study provides an overview of using search data for predictive
purposes in the context of a pandemic situation.

Limitations
Analyses reported in this study only drew from perspectives of
a demand-based infodemiological study. This means that this
research examined the information-seeking behavior through
search engine queries [9], which potentially reflect sudden
changes in users’online behaviors toward the ongoing pandemic
[38]. Future analyses may need to take into account the
supply-side analysis, incorporate other search engines’ data
sets, as well as retrieve wider terms in order to capture wider
infodemiological patterns in the population. In addition, other
dynamic explanatory variables, such as health policy indices,
may need to be included in the models to increase the model
performance.

Conclusions
NAVER search volumes were important variables with higher
feature effects for predicting new daily COVID-19 cases,
particularly in the first 6 months of the outbreak in South Korea.
For longer periods, NAVER search volumes were still found
to be important variables, although search term use should be
considered, as more specific terms need to be used. Similar
results were also found for death predictions. Likewise, GLMs
with different types of distribution functions may be beneficial
for use in the early stages of an outbreak. In longer periods, LR
models with regularization may outperform GLMs as the
number of possible explanatory variables that can be used in
the models increases.
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Abbreviations
AIC: Akaike information criterion
GLM: generalized linear model
LR: linear regression
MERS: Middle East respiratory syndrome
RMSE: root mean square error
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Abstract

Background: Clinical mobility and balance assessments identify older adults who have a high risk of falls in clinics. In the past
two decades, sensors have been a popular supplement to mobility and balance assessment to provide quantitative information
and a cost-effective solution in the community environment. Nonetheless, the current sensor-based balance assessment relies on
manual observation or motion-specific features to identify motions of research interest.

Objective: The objective of this study was to develop an automatic motion data analytics framework using signal data collected
from an inertial sensor for balance activity analysis in community-dwelling older adults.

Methods: In total, 59 community-dwelling older adults (19 males and 40 females; mean age = 81.86 years, SD 6.95 years) were
recruited in this study. Data were collected using a body-worn inertial measurement unit (including an accelerometer and a
gyroscope) at the L4 vertebra of each individual. After data preprocessing and motion detection via a convolutional long short-term
memory (LSTM) neural network, a one-class support vector machine (SVM), linear discriminant analysis (LDA), and k-nearest
neighborhood (k-NN) were adopted to classify high-risk individuals.

Results: The framework developed in this study yielded mean accuracies of 87%, 86%, and 89% in detecting sit-to-stand,
turning 360°, and stand-to-sit motions, respectively. The balance assessment classification showed accuracies of 90%, 92%, and
86% in classifying abnormal sit-to-stand, turning 360°, and stand-to-sit motions, respectively, using Tinetti Performance Oriented
Mobility Assessment-Balance (POMA-B) criteria by the one-class SVM and k-NN.

Conclusions: The sensor-based approach presented in this study provided a time-effective manner with less human efforts to
identify and preprocess the inertial signal and thus enabled an efficient balance assessment tool for medical professionals. In the
long run, the approach may offer a flexible solution to relieve the community’s burden of continuous health monitoring.

(J Med Internet Res 2021;23(12):e30135)   doi:10.2196/30135

KEYWORDS

fall risk; balance; activity recognition; automatic framework; community-dwelling elderly

Introduction

Falls prevail among the aging population, and led to more than
$30 billion in direct medical costs in 2015 [1]. Around 55% of

unintentional injury deaths among older adults in the United
States are due to falls [2]. Falls pose a threat to the physical and
psychological aspects of older adults’ health [3,4]. It is critical
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to identify older adults at the risk of falls and take interventions
in advance [5].

Fall risk factors can be grouped into extrinsic (environmental)
factors and intrinsic factors (age, health status, and other factors
derived from the human). Outpatients and community dwellers
usually suffer less from illnesses; consequently, intrinsic
mobility and balance are the most discriminative intrinsic
indicators of falls [6]. Mobility and balance assessment tools,
such as the Balance Evaluation Systems Test (BESTest) [7],
the Tinetti Performance Oriented Mobility Assessment (POMA)
[8], and the Berg Balance Scale (BBS) [9], have been popular
in community and outpatient settings to assess the mobility and
balance aspects of individuals [6]. Along with the use of these
instruments, a trained health care professional observes the
participants’ motion(s) as they complete a series of tasks (eg,
sit-to-stand, turning 360°, and stand-to-sit) and scores their
performance based on medical expertise.

Nevertheless, such assessment tools carry disadvantages that
prevent older adults from undergoing frequent fall assessments
[10]. First, many mobility and balance assessments, such as the
BESTest [7], the Tinetti POMA [8], and the BBS [9], take from
15 to 35 min to complete [6,11], which is time consuming and
burdensome to implement on a community-wide scale. Second,
traditional assessments heavily rely on observations made by
medical professionals [6,10]. Such resource-demanding
assessments become unaffordable, which is a phenomenon
commonly observed in Hong Kong [12,13]. A review [14]
reported that over one-third of elderly services units fail to fill
their physiotherapist and occupational therapist vacancies. In
short, conducting mobility and balance assessment requires
time, human resources, and financial availability, which further
discourages older adults from frequently checking their fall risk.

Thanks to the rapid development of information technology,
the sensor provides a practical solution to this predicament
nowadays. Commercial sensors (eg, accelerometer and
gyroscope) are affordable to most community service sites or
health care agents [15,16]. These sensors provide an objective
measurement of motion that can support health professionals’
decision making or act as a preliminary screening tool in the
absence of professionals. Current research [17-19] has proven
the utility of this approach by validating sensor-based
assessments with clinical mobility and balance assessment tools.
Researchers [20-25] have quantified and analyzed several sensor
features that indicate motion and balance capability
insufficiency. Halilaj et al [26] emphasized the importance of
interpretability of sensor features and the model in this
application for health care professionals and individuals. The
majority have adopted statistical models to provide a statistical
explanation of the work [10,16,27]. Some recent research
[28-30] has argued that though the neural network approach
might not be as interpretable as the previous research, it provides
an accurate prediction. Sensor technology offers a quantitative
method of studying human mobility and balance and coincides
with clinical mobility and balance assessments.

Although there are advantages to the use of sensor technology,
it is also important to acknowledge the residing problems.
Ideally, individuals can perform these sensor-based assessments
independently. In practice, irrelevant signals that come before
and after performing the testing motion might be recorded.
Therefore, an additional process to remove those irrelevant
signals becomes necessary. Existing studies have relied on an
additional research assistant’s manual observations [28,31-33]
or crafted features specific to motion [34] for identifying the
motion signal, which will be assessed in the sensor-based
assessments. In addition, although crafting features and building
a heuristic algorithm [34,35] to detect motion provide a scientific
solution, it is limited to specific, well-studied activity. This
limitation makes detection hard to be generalized and transferred
to different motion analyses. The additional manual efforts for
identifying sensors or recording signals discourage health care
professionals and community users from adopting sensor-based
approaches [36].

Human activity recognition (HAR) is a practical remedy to
relieve this burden. The majority of developed methods adopt
machine learning models [37-39] or deep learning [40-45] to
build on and validate renowned public data sets, such as the
University of California, Irvine (UCI)-HAR [46] and UniMib
SHAR [47], that target healthy adults aged 30 years or less. In
contrast, only a few research works [48,49] focus on older
adults. These studies [37-39] and reviews [43] claim that HAR
techniques can be applied for health care purposes. Nonetheless,
to the best of our knowledge, there is no existing work that
explicitly delineates the combination of HAR and sensor-based
mobility and balance assessments as completely automated
assessments.

This study illustrates an automatic sensor-based framework
(Figure 1) of motion and balance assessment. We hypothesized
that the motion detection method is a solution for better
automating sensor-based balance assessments. This framework
resolves the requirement of human input in the preprocessing
stage and completes the whole automation data pipeline. The
developed framework aims to solve a simplified motion
detection problem by leveraging the application scenario and a
motion evaluation according to the Tinetti POMA-B grading
standard. This study embodies this framework with
deep-learning motion detection and sensor-based mobility and
balance assessment. The major contributions of the proposed
method are two-fold. First, few existing studies integrate motion
detection and sensor-based balance assessment to form the data
analysis pipeline, to the best of our knowledge. Second, the
proposed method requires less human effort to identify and
preprocess the inertial signal and enable a more efficient
sensor-based balance assessment tool for medical professionals.
This framework offers a flexible automatic solution to relieve
the community’s burden during large-scale implementation,
such as long-term balance monitoring.
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Figure 1. Overview of the developed framework.

Methods

Recruitment
In total, 59 community-dwelling elders (19 males and 40
females; mean age = 81.86 years, SD 6.95 years) participated
in our study from September 2019 to December 2019.
Participants with behavioral problems (eg, violence), unstable
mental status (eg, paranoia), communication problems (eg,

dialect), or severe hearing impairment were excluded from the
study. Written informed consent was obtained from all
participants before performing data collection. The imbalanced
gender distribution was a direct reflection of the outnumbered
male participants enrolling in community services [50]. Among
the participants, six had experienced falls within the past year.
A detailed breakdown of the demographics is shown in Table
1. This study was approved by the Research Ethics Committee
of City University of Hong Kong (reference no. 3-2-201803-02).

Table 1. Demographics of all participants and group difference according to Tinetti grading items (N=59; 19 males and 40 females; mean age 81.86
years, SD 6.95 years).

Males:females (n)Age (years), mean (SD)Score

Sit-to-stand

6:886.64 (6.05)<4

13:3280.37 (6.79)4

Turning 360°

6:585.55 (5.88)<2

13:3581.02 (6.90)2

Stand-to-sit

5:987.00 (5.15)<2

14:3180.26 (6.65)2

The score followed the Tinetti POMA grading guideline [8].
The Tinetti POMA grading guideline is the mobility and balance

assessment outcome used in this study. Age affected the Tinetti
POMA performance, but gender did not. Age showed a
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significant difference between the sit-to-stand score=4 and <4
groups (Student t test, P<.001). Age also showed a significant
difference between the stand-to-sit score=2 and <2 groups
(Student t test, P<.001). There was no gender difference in all
of these tasks (Fisher exact test P=.99, 0.44, and 0.50 for
sit-to-stand, turning 360°, and stand-to-sit motions, respectively.)

Experiment Protocol
In this step (Step 1 in Figure 1), balance assessments were
conducted with an inertial sensor. Each participant was asked
to perform three actions: standing up from an armless chair,
turning around, and sitting down in the armless chair. There
were 59 recorded inertial signals for each task from 59
participants. The three motions are commonly used in many
functional assessments. All the three motions are adopted in the
BBS [9], the Physical Performance Test (PPT) [50] and Tinetti
POMA [8]; standing up and turning are adopted in the Fullerton
Advanced Balance (FAB) [51] and the clinical Gait and Balance
Scale (GABS) [52]; standing up and sitting down are adopted

in the Postural Assessment Scale for Stroke Patients (PASS)
[53], the Sensory Orientated Mobility Assessment Instrument
(SOMAI) [54], and the Activity-based Balance Level Evaluation
(ABLE) scale [55]. These three motions were considered
sufficient to illustrate the idea of motion detection and evaluation
in the developed framework.

A commercial inertial measurement unit (Wit-motion JY901B;
including an accelerometer and a gyroscope at 3 axes with 16-bit
resolution, sampling frequency 40 Hz, and a built-in Kalman
filter) was attached on an elastic belt and placed on the L4
vertebra of each participant prior to each task. The inertial signal
was transmitted via Bluetooth to the dedicated mobile
application. The participants would then listen to the instruction
and perform it accordingly. As soon as a participant initiated
the task, a research assistant would press the button (green
buttons and STOP buttons in Figure 2) on the app to mark the
starting time and ending time, as shown in the clock on the
mobile device. Figure 2 displays a screenshot of the data
collection app.

Figure 2. Screenshot of the data collection app.

Before starting the assessment, each participant was required
to perform a trial. Sit-to-stand and stand-to-sit motions were
conducted using a straight-backed armless chair. Participants
were asked to complete the turning task in a fast yet safe manner
according to their judgment. These motions were conducted in
line with Tinetti POMA guidelines. Participants were asked
whether they needed a break for rest, but none needed it.

Automatic Motion Detection
In this part (Step 2 in Figure 1), we aimed to determine the
starting and ending times for a known task from inertial signals
containing only a known task (sit-to-stand, turning 360°, and
stand-to-sit) and nontask activities. Since some participants
needed extra time to comprehend and respond to the instruction,
some recordings included pretask records. In addition, it also
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took a few seconds for users to stop the recording after the
participants completed the motion. Therefore, some sensor
signals irrelevant to the motion might be included in the data.
Since the motion to be analyzed was known in the prescribed
mobility and balance assessment list, we only needed to detect
the motion. The developed framework leverages these facts to
reduce the complexity of motion detection to a simpler binary
classification problem. We built separate classifiers for each
task motion, allowing each piece of signal that contained a
known task (ie, sit-to-stand, turning 360°, or stand-to-sit) to go
through the data pipeline separately, as introduced below.

Preprocessing
The acceleration signal was detrended by subtracting the mean
of the acceleration at each axis. The gyroscope signal was
converted into the angular displacement from the starting point
by integration. The gyroscope’s drift issue was neglected as
each task took less than 30 s to complete, and the drift rate is
at 0.05°/s according to the product specification. Subsequently,
each task signal was segmented from the preprocessed task

signals into 0.75 s sliding windows with a step size of 0.03 s.
The different sliding window sizes are examined and discussed
in the Results and Discussion sections. The label of the sliding
window segment is defined as the percentage of the class it
covers. For example, a sliding window segment that contains
0.5 s of a sit-to-stand task and 0.25 s of the nontask motion
would be labeled as 0.67 for the class sit-to-stand and 0.33 for
the class nontask motion.

Convolutional LSTM Motion Detector
A convolutional long short-term memory (LSTM) neural
network was built for detecting the starting and ending times
for each task. The motion detection model takes the raw
acceleration and angular displacement at three axes in the 0.75
sliding windows as input. The convolutional layers and LSTM
layers can extract the temporal human dynamic inertial signals
to construct the classification. The overall network structure is
shown in Figure 3. This structure was inspired by a previous
study [56], which used convolution networks to obtain the
feature maps and LSTM structure to learn the temporal pattern.

Figure 3. Structure of a convolutional LSTM used in motion detection. LSTM, long short-term memory.

The convolution layer took the preprocessed sliding window
segment as input and performed a convolution operation with
32 filters, kernel size 3. The LSTM layer is a specific
implementation of the recurrent neural network that takes the
previous state information into the current calculation. Finally,
the densely connected layer operates by applying the activation
function of the dot operation of weights. The first two dense
layers did not apply any activation function, and the SoftMax

function activated the last dense layer to calculate the percentage
of labels containing and not containing the task.

Postprocessing and Labeling
The direct prediction of the convolutional LSTM neural network
appeared to be noisy, as shown in the top image of Figure 4.
This phenomenon was also observed in a similar network
structure in HAR [56]. Therefore, the following postprocessing
was performed to determine the beginning and end of the task.
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Figure 4. Original signal and output of the convolution LSTM network before and after processing. LSTM: long short-term memory.

A mean filter was used to filter the convolutional LSTM neural
network output with window sizes of 1, 1.25, and 1.5 s. These
mean filter sizes used in this section are examined and discussed
in the Results and Discussion sections. The output is shown in
the middle image of Figure 4. Subsequently, the candidate
intervals were identified according to the following two rules:

1. Beginning of the interval: The closest peak of nontask
probability before the point where task probability starts to
be greater than 0.5

2. End of the interval: The first peak of nontask probability
after the point where task probability starts to be less than
0.5.

Peak detection was conducted using the SciPy package [57]
with 0.5 thresholds.

Typically, only an interval would be identified. If more than
one interval was identified, the following rules were applied
accordingly to the different tasks. For sit-to-stand and
stand-to-sit tasks, the time interval that contained the greatest

anterior-posterior (AP) acceleration range was assigned to when
the participant performed the motion. For the turning 360° task,
intervals with cumulative angular movement from a starting
time less than 360° along the turning axis (vertical axis) were
selected. The final result is illustrated in the bottom image of
Figure 4.

These rules were inspired from the biomechanical point of view
for human motion [58], where AP acceleration drastically
changes during the sit-to-stand or stand-to-sit motion. The
assumption is that only one movement prevails in the signal
recordings, as stated previously.

Sensor-Based Mobility and Balance Assessment
After the signal was automatically annotated, sensor-based
mobility and balance assessment was performed to evaluate the
corresponding motion (Step 3 in Figure 1). Sensor features that
have been used in several previous studies were extracted from
the detected signal and evaluated in relation to its Tinetti
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POMA-B grading items. This part consisted of feature extraction
and prediction modeling to achieve the goal.

Feature Engineering

Sit-to-Stand and Stand-to-Sit Tasks
The count of the acceleration peaks along the AP axis was
extracted from the labeled data. Peak detection was conducted
using the Scipy package [59] with the threshold 45% of the
maximum value. A normal sit-to-stand transition usually shows
one peak along the AP axis [58]. Multiple peaks imply the
possibility that the motion was not smooth or multiple attempts
were performed to achieve the task.

Turning 360° Task
The average turning speed along the vertical axis was extracted
from the labeled data. Research [60] shows a significant
difference in turning speed between fallers and nonfallers.

Prediction Modeling
Participants who did not receive full marks in the corresponding
Tinetti POMA-B grading items were labeled as deviating from
the norm in performing such tasks in this study. The goal of
mobility and balance assessment is to identify older adults with
insufficient mobility and balance capability and intervene as
early as possible. Therefore, we aimed to identify older adults
whose balance evaluation score was different from that of
healthy adults (ie, full marks in the balance assessment). The
sensor features introduced above were used to predict the
corresponding Tinetti POMA-B grading items. A detailed
description is presented in Table 2, and the corresponding sensor
feature distribution between two populations is tabulated in
Table 3.

Table 2. Tinetti POMA-Ba task, grading items, and deviation from the healthy people criteria.

FeatureDeviation from healthy adults’ criteriaScoreTask and grading item

APb acceleration peak countTinetti POMA-B total sit-to-stand score <4Sit-to-stand

~0-2Arises from the chair

~0-2Attempts to arise

Average turning speedTinetti POMA-B total turning 360° score <2Turning 360°

~0-1Turns 360° continuously

~0-1Turns 360° steadily

AP acceleration peak countTinetti POMA-B total stand-to-sit score <2Stand-to-sit

~0-2Sits down

aPOMA-B: Performance Oriented Mobility Assessment-Balance.
bAP: anterior-posterior.

Table 3. Sensor feature distribution between normal and deviation from healthy participants.

Stand-to-sit AP acceleration peak
count, mean (SD)

Turning 360° average turning
speed (°/s), mean (SD)

Sit-to-stand APa acceleration
peak count, mean (SD)

Task

0.98 (0.15)58.16 (19.22)1.00 (0.29)Healthy people

1.54 (0.75)23.46 (13.96)2.46 (2.02)Deviating from healthy people

aAP: anterior-posterior.

A one-class support vector machine (SVM) [59], linear
discriminant analysis (LDA), and k-nearest neighborhood
(k-NN) from previous research works [31,61,62] were adopted
in balance assessments.

Evaluation Metrics
Accuracy and the area under the curve (AUC) were used to
evaluate the performance of this work. Accuracy was defined
as the percentage of observations classified into the correct
class, as (TP + TN)/(TP + TN + FP + FN), where TP is the
true-positive class being classified as positive, TN is the
true-negative class being classified as negative, FP is the
false-negative class being classified as positive, and FN is the
false-positive class being classified as negative. The AUC was
obtained from the area under the receiver operating characteristic
(ROC) curve. The ROC curve plots the sensitivity [TP/(TP +

FN)]) against the false-positive rate [1 – (TN/{TN + FP})] at
different levels of thresholds.

The agreement between the mobility and balance assessment
results using the human-annotated label and the motion detection
method was evaluated using the McNemar agreement test. The
null hypothesis states that the two results show agreement in
classifying the mobility and balance assessment evaluation

results. The test statistic was calculated by z2 = (n12 – n21)
2/(n12

+ n21), where n12 is the prediction result of when the manual
label sensor feature shows positive but the motion detection
label sensor feature shows negative. In contrast, n21 is the
prediction result where the manual label sensor feature shows
negative but the motion detection label sensor feature shows
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positive. The test statistic followed a chi-square distribution
with 1 degree of freedom.

Training and Testing Environment
Leave-one-subject-out (LOSO) cross-validation (CV) was used
for training and testing. Each time, all the participants’ inertial
measurements except the i-th participant were used for training
the motion detection and sensor-based balance assessment, and
the inertial measurements from the i-th individual were used
for testing. The convolutional LSTM neural network was built
and trained using Keras [63] with TensorFlow [64].

The computer used for training was an Intel E5-2670 CPU with
Nvidia Tesla K20 and CUDA version 10.2 on a Linux system.
The batch size was set at 200, and the stopping rule was set for
no improvement after 20 epochs. The rest of the computation
was conducted using SciPy [57] and NumPy [65].

Results

Motion Detection
Our motion detection methods yielded moderate accuracy in
detecting sit-to-stand, turning 360°, and stand-to-sit tasks from
85% to 88% at different levels (see Table 4). The difference in
classification accuracy did not significantly vary between
different mean filter sliding window sizes. The developed
motion detection method detected the same motion performed
by the participant not observed in the training stage, because
the LOSO CV withheld the participant’s motion signal as a
testing set in each train and validation cycle. The training time
and testing time showed that it took more than 1500 s to train
the model, but detection was conducted within 0.3 s/participant.

Table 4. Accuracy of the automatic motion detection in different sliding windows.

Testing time (s)Training time (s)Accuracy (~Q1-Q3) mean filter
1.5 s sliding window (%)

Accuracy (~Q1-Q3) mean
filter 1.25 s sliding window
(%)

Accuracy (~Q1-Q3) mean
filter 1 s sliding window (%)

Task

0.21 (0.06)1681 (479)85 (~78-93)86 (~82-94)87 (~82-95)Sit-to-stand

0.26 (0.09)2686 (495)85 (~78-93)86 (~79-95)86 (~82-94)Turning 360°

0.24 (0.03)2186 (512)88 (~83-94)89 (~86-95)88 (~85-94)Stand-to-sit

Sensor-Based Mobility and Balance Assessment
The sit-to-stand task motion was well detected and classified
using the developed method. The detector had 85%-87%
accuracy in detecting sit-to-stand motion that was not previously
observed in the training set. The extracted feature, the peak
count along the AP axis, exhibited a strong ability to
discriminate between normal and abnormal motion in the
sit-to-stand task through the k-NN method at 90% accuracy.
The high accuracy could be attributed to the fact that multiple
attempts to rise generate multiple peaks in the signals [58],
which aligns with the Tinetti POMA grading criterion
sit-to-stand transition. LDA showed the least discriminative
capability because of the Gaussian distribution assumption. The
result shows that the developed motion detection method and
balance evaluation model can predict abnormal sit-to-stand
motion.

The turning 360° task motion was detected using the developed
method at an accuracy ranging from 85% to 86%. The
classification showed 92% agreement with the professional
opinion using k-NN in terms of the Tinetti POMA turning
motion outcome. These results indicate that Tinetti grading
items may correlate with the turning speed of the participants.
Previous studies [66,67] have also reported that the turning
speed is correlated with certain clinical mobility and balance
assessment tools.

The stand-to-sit task motion was detected at 88%-89% accuracy
by the developed method. Compared with the other two tasks,
however, sensor-based prediction showed the least accuracy in
predicting the functional assessment result, at 86% accuracy
using the one-class SVM. This may be ascribed to Tinetti
POMA’s grading to deduct a mark for participants who

completed this task with the assistance of their arm, which
occurred in the majority of the cases according to the report.
This kind of information may not be revealed from the sensor
signal, as the location of the sensor is at the participant’s lower
back. Consequently, it could result in weaker performance in
classifying the category of older adults.

Discussion

Principal Findings
The sensor features from the manual label signal and the motion
detection method yielded little difference, which barely affects
the sensor-based balance assessment results. Both sit-to-stand
AP peak counts and stand-to-sit peak counts showed no
statistical difference (Wilcoxon signed-rank test P=.42 and .45,
respectively). The average turn speed showed discrepancy
(P=.03) with a mean difference of 5.68°/s. In summary, the
motion detection label features showed statistically no difference
in the sit-to-stand and stand-to-sit motions but a slight difference
in turning.

Using the manual label motion signal features or the detected
motion signal features showed no statistical difference in
classifying the Tinetti POMA outcomes in all circumstances
(Table 5). The McNemar test was conducted to determine
whether there is a difference in the classification outcome
between the manual label and the presented motion detection.
The results revealed that there is no statistical difference. The
motion detection accuracy was satisfactory enough to ensure
that the sensor features were not affected by the detection
method. Consequently, practitioners could be comfortable with
adopting the motion detection method instead of traditional
laborious works. None of the models rejected the null hypothesis
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that both labels will yield the same result. This indicates that
even though the motion detection method did not fully agree

with the manual label, it still captures vital information in the
sensor signal to predict mobility and balance assessments.

Table 5. Classification performance of sensor-based mobility and balance assessment using Tinetti-POMA-Ba criteria.

k-NNdLDAcOne-class SVMbTask and metrics

Sit-to-stand

826284AUCe (%)

908688Accuracy (%)

>.99>.99>.99P value of McNemar test

Turning 360°

809093AUC (%)

928668Accuracy (%)

>.99.25>.99P value of McNemar test

Stand-to-sit

567260AUC (%)

808386Accuracy (%)

.125.5.5P value of McNemar test

aPOMA-B: Performance Oriented Mobility Assessment-Balance.
bSVM: support vector machine.
cLDA: linear discriminant analysis.
dk-NN: k-nearest neighborhood.
eAUC: area under the curve.

Previous research [36] has reported clinician concerns about
the real-time application of sensor-based balance assessments.
The testing results in motion detection indicated only a little
delay in obtaining the results of the developed framework.
Therefore, the presented implementation showed acceptance
by the clinician in terms of time efficiency. In contrast, a survey
[68] reported that most of the Hong Kong community-dwelling
older adults perceive motion-analyzing systems as useful.
Accordingly, we believe that the framework would receive
acceptance from both clinicians and older adults.

Limitations
There are four limitations of our study. First, we only analyzed
sit-to-stand, turning 306°, and stand-to-sit motions rather than
the complete mobility and balance assessment that covers
comprehensive mobility and balance aspects. Nonetheless,
motions used in this study have been frequently analyzed in
several mobility and balance assessments to assess lower-body
strength [69] and dynamic balance [70]. Other popular mobility
and balance assessments, such as the Timed Up and Go (TUG)
test [71], would be included in our future work. Second, instead
of solving a HAR problem, this work leveraged the application
scenario and broke it down into a detection problem, which
only required an indication of the start and end times for the
known task. This assumption helped the model to finesse the
large variability in different motions in older adults. Third, we
would like to expand the population and observations to enhance
motion detection performance and balance assessments. In the
framework discussed in this study, motion detection still relied
on a certain amount of postprocessing, such as postprocessing
after motion detection and feature engineering. This additional

processing may become unnecessary with more observations
for training. In addition, a greater sample size can also facilitate
sensor-based balance evaluation with more complex modeling
techniques and a one-off multiclass classifier to detect all the
motions like in other works [28,30]. We can also observe that
there are more healthy adults in the community than those with
deviation from the healthy populations. A large sample size
provides more in-depth insights into functional assessment with
further complex feature engineering and feature selection
methods. The last limitation is that the technology acceptance
of this approach was not validated with the users. Though some
related work with similar populations has shown good
acceptance, as mentioned in the Discussion section, it is worth
investigating how this approach can provide better user
experience in the future plan.

Conclusions
We presented human motion detection in a large-scale health
care assessment. Existing works [72,73] on HAR have achieved
satisfactory results in detecting activities from nonmovement
validation on public data sets. Nonetheless, most of the public
data sets are limited in the subject count and focus on healthy
subjects than normal life. The network structure of this study
was also inspired by several previous works [56,74] on HAR.
This research aimed to provide a sensor-based balance
assessment approach to clinical decision support with less
human effort. We illustrated a framework using an inertial
sensor for balance assessment. The major contributions are
two-fold. First, few existing studies have integrated motion
detection and sensor-based balance assessment to form the data
analysis pipeline, to the best of our knowledge. Second, our

J Med Internet Res 2021 | vol. 23 | iss. 12 | e30135 | p.1374https://www.jmir.org/2021/12/e30135
(page number not for citation purposes)

Hsu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


method requires less human effort to identify and preprocess
the inertial signal and enable a more efficient sensor-based
balance assessment tool for medical professionals. This research
examined the applicability of a deep-learning approach to
detecting motion in the health care assessment context instead
of general daily living.

This research illustrated the idea that functional assessment
motions can be detected through HAR models. Therefore, the
sensor data collection process can be conducted without
additional labor if there is a sufficiently pretrained model in the
future. Without the additional labor, the cost of sensor-based
functional assessment can be reduced, providing more incentive
to conduct large-scale implementation in identifying potential
fallers in the community.
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Abstract

Background: Noncommunicable diseases (NCDs) constitute a burden on public health. These are best controlled through
self-management practices, such as self-information. Fostering patients’ access to health-related information through efficient
and accessible channels, such as commercial voice assistants (VAs), may support the patients’ ability to make health-related
decisions and manage their chronic conditions.

Objective: This study aims to evaluate the reliability of the most common VAs (ie, Amazon Alexa, Apple Siri, and Google
Assistant) in responding to questions about management of the main NCD.

Methods: We generated health-related questions based on frequently asked questions from health organization, government,
medical nonprofit, and other recognized health-related websites about conditions associated with Alzheimer’s disease (AD), lung
cancer (LCA), chronic obstructive pulmonary disease, diabetes mellitus (DM), cardiovascular disease, chronic kidney disease
(CKD), and cerebrovascular accident (CVA). We then validated them with practicing medical specialists, selecting the 10 most
frequent ones. Given the low average frequency of the AD-related questions, we excluded such questions. This resulted in a pool
of 60 questions. We submitted the selected questions to VAs in a 3×3×6 fractional factorial design experiment with 3 developers
(ie, Amazon, Apple, and Google), 3 modalities (ie, voice only, voice and display, display only), and 6 diseases. We assessed the
rate of error-free voice responses and classified the web sources based on previous research (ie, expert, commercial, crowdsourced,
or not stated).

Results: Google showed the highest total response rate, followed by Amazon and Apple. Moreover, although Amazon and
Apple showed a comparable response rate in both voice-and-display and voice-only modalities, Google showed a slightly higher
response rate in voice only. The same pattern was observed for the rate of expert sources. When considering the response and
expert source rate across diseases, we observed that although Google remained comparable, with a slight advantage for LCA and
CKD, both Amazon and Apple showed the highest response rate for LCA. However, both Google and Apple showed most often
expert sources for CVA, while Amazon did so for DM.

Conclusions: Google showed the highest response rate and the highest rate of expert sources, leading to the conclusion that
Google Assistant would be the most reliable tool in responding to questions about NCD management. However, the rate of expert
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sources differed across diseases. We urge health organizations to collaborate with Google, Amazon, and Apple to allow their
VAs to consistently provide reliable answers to health-related questions on NCD management across the different diseases.

(J Med Internet Res 2021;23(12):e32161)   doi:10.2196/32161

KEYWORDS

voice assistants; conversational agents; health literacy; noncommunicable diseases; mobile phone; smart speaker; smart display;
evaluation; protocol; assistant; agent; literacy; audio; health information; management; factorial; information source

Introduction

Background
Noncommunicable diseases (NCDs) constitute a significant
burden on public health [1,2] and are best controlled through
self-management practice [3,4]. For this purpose, digital health
technologies have been developed to assist individuals in
managing disease in a scalable way and at a low cost [5]. Among
other types of support [6], digital health tools can facilitate
self-information on an on-demand basis (eg, decision support
or information lookup devices).

Voice Assistants for Information Lookup
Commercial voice assistants (VAs) can be employed on both
smartphones and smart speakers, which are increasingly present
in our daily lives. In fact, in 2018, 76% and 45% of individuals
in advanced and emerging economies, respectively, owned a
smartphone [7], and 66.4 million Americans owned a smart
speaker [8]. Furthermore, although 148 million US adults used
voice search for general purposes [9], 19.1 million used VAs
for health-related purposes, such as gathering information about
symptoms, medication, treatment options, or healthcare facilities
[10]. Thus, VAs are not only scalable but also show considerable
penetration.

In addition, VAs leverage speech-based interaction, which
makes information lookup more efficient and accessible
compared to classical methods (eg, desktop web search [11,12]).
This is particularly the case in situations in which users have
their hands occupied [13-17], lack reading and writing skills
[18], or suffer from visual, motor, or cognitive inabilities [19-24]
and cannot access information on display devices, such as
smartphones, desktops, or tablets. Hence, VAs are a powerful
alternative to provide chronic patients with easy access to
information about NCD management. The question remains
how well they can respond to health-related questions to
facilitate NCD management.

Related Work
Previous research investigated VAs’ reliability and assessed
their ability to provide patients with reliable responses to
health-related questions. These included mental and physical
health, interpersonal violence [25], sexual health [26], smoking
cessation [27], general health and lifestyle prompts [28],
vaccines [29], addiction [30], postpartum depression [31], and
COVID-19 [32]. The assessment methods varied across studies.
Reliability was evaluated in terms of the ability to help with a
safety-critical situation [25,28], the information correctness in
comparison to official sources [31], the propensity to direct the
user to available treatments or treatment referral services upon

help seeking [30], or the reliability of the sources behind the
responses [26,27,29,32]. All these studies have reported a rather
poor performance, which is not surprising as this phenomenon
has also been observed in other domains, such as
shopping-related questions [9]. However, it is difficult to
conclude which VA is the most reliable. For instance, although
Google Assistant seems to be more reliable than Apple Siri for
smoking cessation information delivery [27], the performance
reverses for general lifestyle prompts [28]. Moreover, Google
Assistant and Apple Siri are both more reliable than Amazon
Alexa for vaccine-related questions [29]. Thus, it is unclear
which VA best supports patients with chronic medical conditions
in accessing information about NCD management.

Objectives
This study evaluates the ability of common Vas, such as Amazon
Alexa, Apple Siri, and Google Assistant, to vocally respond to
questions related to NCD management, based on expert web
sources. In particular, we measure reliability through response
rate and source type. Based on previous research, we control
for the effect of developer (ie, Amazon, Apple, and Google)
and interaction modality (ie, voice-based interaction and
multimodal interaction) [28] and compare the measures to web
search results [27]. This comparison allows us to relativize the
reliability of VAs to the standard consumer-accessible method
of information retrieval. Conducting a web search may not
always be the best solution, compared to consulting medical
professionals [33], but patients are increasingly searching the
internet for information [12]. Therefore, we consider web search
as the method of reference for health information lookup.

Hence, we seek to answer the following research questions:

1. Is the response rate dependent on developers and
modality?

2. Is the source type dependent on developers and
modality?

3. Is the response rate dependent on developers and
disease?

4. Is the source type dependent on developers and
disease?

Methods

Our experiment consisted of a quality assurance evaluation,
where experimenters submitted validated questions to VAs and
assessed (1) whether an error-free voice response was provided
and (2) the category of the referenced web source.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e32161 | p.1381https://www.jmir.org/2021/12/e32161
(page number not for citation purposes)

Bérubé et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/32161
http://www.w3.org/Style/XSL
http://www.renderx.com/


Research Design
We manipulated 3 independent variables: interaction modality,
software developer, and NCD. We set a 3×3×6 fractional design
with 3 modalities (ie, voice only, voice and display, display
only), 3 developers (ie, Amazon, Apple, and Google), and 6
diseases (ie, lung cancer [LCA], chronic obstructive pulmonary
disease [COPD], diabetes mellitus [DM], cardiovascular
disease [CVD], chronic kidney disease [CKD], and
cerebrovascular accident [CVA]). For the display-only modality,
we solely included the developer Google. The dependent
variables were the response rate (ie, percentage of provided
voice responses) and the source type (ie, expert, commercial,
crowdsourced, or not stated).

Measures
To measure the reliability of the different VAs, we assessed the
response rate and source type. To assess the response rate, we
computed the percentage of error-free speech-delivered
responses. Specifically, a response was included if (1) the VA
did not manifest an error, such as a system error (ie, a bug in
the execution of a command), a natural language processing
(NLP) error (ie, misunderstanding of the user’s utterance), or
an intent error (ie, the user’s utterance is understood but leads
to an unsupported command or an inappropriate execution),
and (2) the response was voice-delivered without prompting
the user to access information by interacting with a display
device. For instance, if a VA was to reply Here is what I found
and show results on the screen, we considered this response as
not provided. Note that we leverage the use of VA for accessible,
hands-free health-related information provision. Thus, we
intentionally considered only those responses that could benefit
individuals who cannot interact with a display.

In the display-only condition, we calculated the response rate
by including all responses provided in the form of a web search
featured snippet. A featured snippet is a unique box presented
above the list of Google’s search results, containing a text
answer to a question-like search query (what, how, when, etc).
A snippet contains a title, a summary of the answer, and a link
to the web source [34]. We chose this method to compare the
ability of VAs to utter a selected response with that of the web
search in pulling the best information source answering the
question.

The source type was categorized based on the work of Alagha
and Helbing [29] and Boyd and Wilson [27] into expert,
commercial, crowdsourced, or not stated. Table 1 provides a
description and examples of these categories. In particular,
Alagha and Helbing [29] evaluated the VAs’ responses with
points and categorized the web sources as government, heath
nonprofit, commercial, crowdsourced, or not stated. If a web
source was categorized as government and heath nonprofit
(which they defined as expert sources), the response would gain
a point and would otherwise get no points. Following this
approach, we merged government and heath nonprofit categories
into one that we called expert and considered such sources as
reliable because they consistently assure good quality of
information. Furthermore, we verified the reliability by
exploring primary websites or by finding third-party sources of
reliability evaluation (eg, Verywell Health is described as
verified by doctors and collaborating with Cleveland Clinic, or
Cancer.net presents patient information from the American
Society of Clinical Oncology).

Table 1. Description of source types with examples.

ExamplesDescriptionSource type

US Centers for Disease Control
and Prevention (CDC), Mayo
Clinic, British Journal of Cancer

Site from a health organization representing a group of medical professionals, a governmental
medical department or agency, a nonprofit medical organization, or a medical journal. These
are considered reliable because they consistently provide verified and impartial information.

Expert

WebMD, MedscapeAny not nonprofit site that publishes medical information. These may or may not provide
verified and impartial information.

Commercial

Wikipedia, BlurtitInformation from a site that is based on the collaboration of a large group of people. This
information may or may not be verified and impartial.

Crowdsourced

—aThe source type was not stated explicitly.Not stated

aNot available.

Selection of Health-Related Questions
Following Kvedar et al [5], we aimed to cover NCDs involving
conditions considered the leading causes of mortality. Hence,
we selected questions for Alzheimer’s disease (AD), LCA,
COPD, DM (type 1 and type 2), CVD, CKD, and CVA.
Regarding cancer, we decided on LCA as it is the most prevalent
type of cancer affecting both sexes [35].

The questions were selected in 2 steps. First, we generated
questions by collecting frequently asked questions (FAQs) from
health organization, government, medical nonprofit, and other
recognized health-related websites (eg, mayoclinic.org,

nia.nih.gov, everydayhealth.com, webmd.com). When relevant,
we looked for or replicated prevalent general questions across
diseases. For instance, as we found the question IsAlzheimer’s
disease genetic? on nia.nih.gov and Is lung cancer genetic? on
foxchase.org, we searched for equivalents (eg, Are strokes
genetic? on saebo.com) or arbitrarily created one for other
diseases (eg, Is chronic kidney disease genetic?). This process
allowed us to obtain a more comprehensive pool of questions.

Second, we asked practicing medical specialists to think about
their medical consultations with patients suffering from the
relative type of chronic disease and to rate the frequency of
occurrence of the generated field-related question on a 5-point
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Likert scale (ie, 1=never, 2=rarely, 3=sometimes, 4=often, and
5=always). If they deemed it necessary, the specialists were
also free to add manually missing frequent questions. For each
disease, we recruited 2 specialists, resulting in a total set of 14
evaluations. We intentionally let the medical specialists rate
questions in terms of absolute frequency and not ask, for
instance, to indicate the n most frequent questions, as we wanted
to avoid selection biases. The evaluations led us to an
insufficient number of questions for AD. This can be explained
by the fact that we asked the specialists to select questions that
patients would ask their physician, and in the case of AD,
information exchange rather happens between the physician
and the caregiver, while the patient tends to be less involved
[36]. Such tendency was confirmed by unsolicited comments
from the specialists. Thus, following an intense discussion
among the coauthors, we excluded the questions related to AD.

Next, we included the 10 most frequent questions for all other
diseases. If any resulted in a different formulation of the same
question, only the question with the simplest formulation was
included (eg, we favored How long can I live with COPD? over
What is the life expectancy for a COPD patient?). If the ratings
did not result in a clean cut of 10 questions, we defined further
selection steps. If there were more than 10 questions, we favored
wh-questions (ie, questions requiring an informative answer,
rather than yes or no) and removed the most ambiguous
questions (eg, we excluded Why do I have difficulties breathing?
for COPD). If there were less than 10 questions, we included
questions with lower ratings, always following the criteria
mentioned above. Table 2 shows the number of questions
included before and after the validation process (see the
complete list of selected questions in Multimedia Appendix 1).

Table 2. Number of questions before validation from medical specialists.

Questions generated (N=607), n (%)NCDa

48 (7.9)ADb

145 (23.9)LCAc

60 (9.9)COPDd

135 (22.2)DMe

93 (15.3)CVDf

69 (11.4)CKDg

57 (9.4)CVAh

aNCD: noncommunicable disease.
bAD: Alzheimer’s disease.
cLCA: lung cancer.
dCOPD: chronic obstructive pulmonary disease.
eDM: diabetes mellitus.
fCVD: cardiovascular disease.
gCKD: chronic kidney disease.
hCVA: cerebrovascular accident.

Setting and Apparatus
The experiment took place in a meeting room at ETH Zurich,
Switzerland, between February 18 and March 4, 2021. Each
VA device was placed on a table and tested separately. Two
experimenters sat at the two ends of the table. One experimenter
submitted the questions to each device through a text-to-speech
conversion program [37] on a laptop (Lenovo ThinkPad X1
Carbon Gen 8, Lenovo Group Limited). After pilot testing, we
decided to use a female voice with a speech rate of 150 words
per minute. For the questions to be adequately detected by the
VAs, we played the questions through a set of 2 speakers (Sony
Vaio VGP-SP1, VAIO Corporation) at a distance of ca. 10 cm
from the VA device.

The other experimenter took note of the voice responses and
the web source through either accessing them on the user
accounts (smart speakers) or taking screenshots (display
devices). To have a backup of the voice responses, we used an
audio recorder (Philips DVT4010, Koninklijke Philips N.V.).

Tested VAs
Based on Kocaballi et al [28], we tested commonly used
unimodal and multimodal VAs. To operationalize the variables
developer and modality, we employed the 3 most common Vas
(ie, Amazon Alexa, Apple Siri, and Google Assistant) and aimed
for the 2 most frequently used devices (ie, smart speaker and
smartphone) for each VA [10]. In particular, we used Amazon
Echo Dot, Apple HomePod Mini, and Google Nest Mini for the
voice-only modality and a mix of smart displays (Amazon Echo
Show) and smartphones (Apple iPhone 8 with iOS 14.4, Nokia
6.1 with Android 9) for the voice-and-display modality. The
latter heterogeneity in the devices was due to the unavailability
of the Amazon Alexa smartphone application in the authors’
country of affiliation at the time of testing.

Moreover, to operationalize the display-only modality and our
reference method of (health) information retrieval, we included
a laptop with the Google Search engine (Lenovo ThinkPad X1
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Carbon Gen 6 with Google Chrome). We referred to this
condition as the web search.

All devices were set to factory settings, and we used new
dedicated accounts, whose history was deleted before testing
each device. Table 3 summarizes the implementation of the
research design.

Table 3. Operationalization of the independent variables.

GoogleAppleAmazonModality

Smart speaker (Nest Mini)Smart speaker (HomePod Mini)Smart speaker (Eco Dot)Voice only

Smartphone (Nokia 6.1, Android 9)Smartphone (iPhone 8, iOS 14.4)Smart display (Eco Show)Voice and display

Laptop (Lenovo ThinkPad X1 Carbon Gen 6,

Google Chrome)

——aDisplay only

aNot available.

Procedure
The selected questions were played in randomized order. In the
voice-only and voice-and-display modalities, upon manual start,
the text-to-speech program would play the appropriate wake-up
keyword (ie, “Hey Alexa,” “Hey Siri,” or “Hey Google”),
followed by a question. In the case of an error (see the Measures
section), we first replayed the question and then, if necessary,
played the question again using a male voice. In the case of a
persistent error, 1 of the experimenters asked the question
manually. This protocol allowed us to ensure the ability to
respond to a question did not depend on the input quality. If
none of those attempts produced a voice response, we considered
the response as not provided. In the display-only modality, the
question was directly entered in the text field of the web search
engine.

Ethics
Given the involvement of practicing medical specialists, we
validated our research proposal (EK 2020-N-173) with the ETH

Zurich Ethics Commission. The procedure was approved without
reservation on December 21, 2020.

Statistical Analysis
R Version 1.2 (RStudio, Inc.) was used to compute the frequency
and descriptive statistics.

For the sake of comparison, all results (response rate and source
type) are shown in percentages.

Results

For each subsection, we first introduce the analysis and then
present the results in the form of a table (see also Multimedia
Appendix 2 for the complete list of voice responses, web
sources, and categorization).

Response Rate Across Developers and Modalities
To understand to what extent the examined VAs could provide
an answer at all, we calculated the response rate across
developers and modalities. The results are summarized in Table
4.
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Table 4. Response rate across developers and modalities.

Total (N=420), n (%)Voice only (N=180), n (%)Voice and display (N=180), n (%)Display only (N=60), n (%)Response

Amazon

29 (24.2)15 (25)14 (23.3)—aNo

91 (75.8)45 (75)46 (76.7)—Yes

120 (100)60 (100)60 (100)—Total

Apple

95 (79.2)47 (78.3)48 (80)—No

25 (20.8)13 (21.7)12 (20)—Yes

120 (100)60 (100)60 (100)—Total

Google

6 (5)06 (10)—No

114 (95)60 (100)54 (90)—Yes

120 (100)60 (100)60 (100)—Total

Web search

12 (20)——12 (20)No

48 (80)——48 (80)Yes

60 (100)——60 (100)Total

aNot available.

Source Type Across Developers and Modalities
Classifying the web sources into commercial, crowdsourced,
expert, and not stated allowed us to derive the level of reliability

of the voice response across developers and modalities. The
results are summarized in Table 5.
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Table 5. Source type across developers and modalities.

Total (N=278),

n (%)

Voice only (N=118),

n (%)

Voice and display (N=112),

n (%)

Display only (N=48),

n (%)

Source type

Amazon

20 (22)9 (20)11 (23.9)—aCommercial

8 (8.8)4 (8.9)4 (8.7)—Crowdsourced

55 (60.4)28 (62.2)27 (58.7)—Expert

8 (8.8)4 (8.9)4 (8.7)—Not stated

91 (100)45 (100)46 (100)—Total

Apple

4 (16)2 (15.4)2 (16.7)—Commercial

9 (36)3 (23.1)6 (50)—Crowdsourced

2 (8)1 (7.7)1 (8.3)—Expert

10 (40)7 (53.8)3 (25)—Not stated

25 (100)13 (100)12 (100)—Total

Google

24 (21.1)12 (20)12 (22.2)—Commercial

6 (5.3)3 (5)3 (5.6)—Crowdsourced

84 (73.7)45 (75)39 (72.2)—Expert

114 (100)60 (100)54 (100)—Total

Web search

15 (31.3)——15 (31.3)Commercial

33 (68.8)——33 (68.8)Expert

48 (100)——48 (100)Total

aNot available.

Furthermore, we want to point out that all error-free responses
involved the synthesis of a meaningful response and none
resulted in the VA proposing to use a voice application to answer
the question (eg, Alexa Skill or Google Action).

Response Rate Across Developers and Diseases
We aimed to verify whether there was a pattern in the ability
to provide an answer depending on the NCD in question. As
the effect of modality was minimal, we present the results for
the voice-only modality. Thus, we calculated the percentage of
provided answers across developer and disease. Table 6
summarizes the results.
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Table 6. Response rate by developer and disease.

Total (N=420),

n (%)
CVAf (N=70),

n (%)

CKDe (N=70),

n (%)

CVDd (N=70),

n (%)

DMc (N=70),

n (%)

COPDb

(N=70), n (%)

LCAa (N=70),

n (%)

Response

Amazon

29 (24.2)6 (30)7 (35)6 (30)2 (10)8 (40)—gNo

91 (75.8)14 (70)13 (65)14 (70)18 (90)12 (60)20 (100)Yes

120 (100)20 (100)20 (100)20 (100)20 (100)20 (100)20 (100)Total

Apple

95 (79.2)16 (80)18 (90)18 (90)19 (95)16 (80)8 (40)No

25 (20.8)4 (20)2 (10)2 (10)1 (5)4 (20)12 (60)Yes

120 (100)20 (100)20 (100)20 (100)20 (100)20 (100)20 (100)Total

Google

6 (5)2 (10)—2 (10)1 (5)1 (5)—No

114 (95)18 (90)20 (100)18 (90)19 (95)19 (95)20 (100)Yes

120 (100)20 (100)20 (100)20 (100)20 (100)20 (100)20 (100)Total

Web search

12 (20)1 (10)5 (50)3 (30)1 (5)1 (10)1 (10)No

48 (80)9 (90)5 (50)7 (70)9 (45)9 (90)9 (90)Yes

60 (100)10 (100)10 (100)10 (100)10 (100)10 (100)10 (100)Total

aLCA: lung cancer.
bCOPD: chronic obstructive pulmonary disease.
cDM: diabetes mellitus.
dCVD: cardiovascular disease.
eCKD: chronic kidney disease.
fCVA: cerebrovascular accident.
gNot available.

Source Type Across Developers and Diseases
Calculating the proportion of source types across developers
allowed assessing the presence of information reliability patterns

among the VAs. We present the results for the voice-only
modality. Table 7 summarizes our results.
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Table 7. Proportion of source type by developer and disease.

Total

(N=420),

n (%)

CVAf

(N=70),

n (%)

CKDe

(N=70),

n (%)

CVDd

(N=70),

n (%)

DMc

(N=70),

n (%)

COPDb

(N=70),

n (%)

LCAa

(N=70),

n (%)

Source type

Amazon

20 (22)2 (14.3)3 (23.1)3 (21.4)6 (33.3)4 (33.3)2 (10)Commercial

8 (8.8)2 (14.3)2 (15.4)0004 (20)Crowdsourced

55 (60.4)10 (71.4)8 (61.5)9 (64.3)12 (66.7)6 (50)10 (50)Expert

8 (8.8)002 (14.3)02 (16.7)4 (20)Not stated

91 (100)14 (100)13 (100)14 (100)18 (100)12 (100)20 (100)Total

Apple

4 (16)000004 (33.3)Commercial

9 (36)2 (50)1 (50)1 (50)005 (41.7)Crowdsourced

2 (8)2 (50)00000Expert

10 (40)01 (50)1 (50)1 (100)4 (100)3 (25)Not stated

25 (100)4 (100)2 (100)2 (100)1 (100)4 (100)12 (100)Total

Google

24 (21.1)1 (5.6)3 (15)4 (22.2)5 (26.3)10 (52.6)1 (5)Commercial

6 (5.3)02 (10)0004 (20)Crowdsourced

84 (73.7)17 (94.4)15 (75)14 (77.8)14 (73.7)9 (47.4)15 (75)Expert

114 (100)18 (100)20 (100)18 (100)19 (100)19 (100)20 (100)Total

Web search

15 (31.3)1 (11.1)2 (40)1 (14.3)4 (44.4)5 (55.6)2 (22.2)Commercial

33 (68.8)8 (88.9)3 (60)6 (85.7)5 (55.6)4 (44.4)7 (77.8)Expert

48 (100)9 (100)5 (100)7 (100)9 (100)9 (100)9 (100)Total

aLCA: lung cancer.
bCOPD: chronic obstructive pulmonary disease.
cDM: diabetes mellitus.
dCVD: cardiovascular disease.
eCKD: chronic kidney disease.
fCVA: cerebrovascular accident.

Discussion

Principal Results
Google showed the highest response rate and rate of expert
sources, leading to the conclusion that Google Assistant would
be the most reliable tool in responding to questions about NCD
management. However, the rate of expert sources differed across
diseases.

Response Rate Across Developers and Modalities
We observed Google Assistant provided the highest response
rate, even outperforming the web search results. Apple Siri
showed the lowest response rate. This specific advantage of
Google Assistant is consistent with previous studies
[27,29,32,38,39].

Moreover, Apple Siri often replied I found this on the web and
presented visually a list of results instead of voicing a unique

response. This may reflect a tendency to transfer the
responsibility of information retrieval to the patients, whereas
they are in charge of choosing (the most) reliable information
source. As we believe in the potential of VAs in increasing the
accessibility of health information by vocally interacting with
patients having their hands occupied or with disabilities
[13-17,19-24], we urge Apple to consider favoring voice
responses over lists of results to make the information search
more suitable for hands-free interaction.

Source Type Across Developers and Modalities
Similar to the results for the response rate, Google Assistant
also answered the most frequently with expert sources, without
outperforming the web search results. Amazon Alexa showed
13.3% fewer expert sources. These results are surprising, given
the partnership that Amazon started with the United Kingdom
National Health Service (NHS) in 2019, allowing the former to
freely access health-related information provided by the latter
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[40]. Finally, Apple Siri showed the least expert sources,
favoring crowdsourced sources. Importantly, Apple Siri also
showed the highest proportion of missing sources (ie, not stated).
Alagha and Helbing [29] classified commercial, crowdsourced,
and not stated sources as less reliable than expert sources. As
commercial and crowdsourced sources may, in some cases, still
provide reliable information [41,42], Apple Siri may tend to
transfer the responsibility of judging the reliability of the
information to the patient. This assumption is also supported
by the low rate of voice responses from Apple Siri discussed
above.

Response Rate Across Developers and Diseases
When comparing the response rate across diseases, we observed
Google Assistant to respond rather similarly across diseases,
with a slight advantage for LCA and CKD. Amazon Alexa and
Apple Siri showed the highest response rate for LCA. Thus,
questions related to LCA seemed to have a general advantage
over the other diseases. Both Amazon Alexa and Google
Assistant outperformed web search results on both LCA and
CKD.

Source Type Across Developers and Diseases
Our results showed Google Assistant to most often use expert
sources for CVA, while Amazon Alexa did so for DM. Apple
Siri showed expert sources only for questions about CVA. Thus,
there seems to be an advantage of CVA questions in being
reliable the most often, except when those questions are asked
to Amazon Alexa.

Finally, this slight heterogeneity in results is in line with the
diversity in previous research, whereas depending on the
condition or disease of interest, reliability varies across VAs
[27-29]. Hence, there seems to be a need for systematization of
health information search algorithms across the different medical
domains.

Limitations
Despite our best efforts, our study presents some limitations.

First, for technical reasons, we employed a smart display instead
of a smartphone for Amazon Alexa. The observed similarity in
source type proportion between modalities may be explained
by the use of 2 types of home devices. This similarity may
reflect a consistency in information provision across Amazon
Alexa modalities, which is desirable. However, future research
should aim to replicate the results by comparing the reliability
between the Amazon Alexa app and an Amazon smart speaker.
This will support an absence of the effect of interaction modality
in Amazon Alexa.

Second, to control for the effect of time on the responses, we
aimed to restrict the time window inside which to test the VAs
as much as possible. Thus, given the high number of questions
submitted (ie, 60 questions per device, resulting in a total of
420 submissions), we did not submit the same questions multiple
times. However, we conducted a post hoc test-retest reliability
assessment by randomly selecting 1 question per NCD and
submitting each one 10 times to all VAs. Our results showed
no variation in the voice responses or the source type.
Nevertheless, as observed in previous research that VAs do not

always provide the same response [29], future research should
consider the test-retest reliability of VAs in responding to a
more extensive set of questions about the included NCDs.

Third, questions were selected by looking for FAQ pages on
health-related websites, but it is difficult to conclude whether
all relevant questions were included. As we shared the list of
questions (see Multimedia Appendix 1), we hope future research
will be able to establish whether additional relevant questions
need to be tested.

Fourth, the source type was categorized based on the work of
Alagha and Helbing [29] and Boyd and Wilson [27] into expert,
commercial, crowdsourced, or not stated, whereas expert
sources represented government and heath nonprofit sources
[29]. We considered such sources as the mostreliable because
they consistently assured good quality of information. However,
although not stating a source of information makes it difficult
for a patient to judge the response’s trustworthiness, commercial
and crowdsourced sources may, in some cases, still provide
correct information. Health-related information coming, for
instance, from wikipedia.com (crowdsourced) varies importantly
in terms of quality [41] and could, in some cases, still provide
reliable information. Commercial sources may also contain
partly reliable information [42], despite presenting a higher risk
of bias toward marketing purposes [43]. Future research should
investigate directly the reliability of the provided information
rather than the mere source type in order to have a more
fine-grained landscape of its reliability.

Fifth, the FAQs about AD were evaluated as rather rarely asked
by the patients. As information exchange about AD rather
happens between the physician and the caregiver, while the
patient tends to be less involved [36], future research should
include questions from caregivers as well in order to assess the
response and expert source rates for FAQs related to this disease.

Finally, questions were validated by Swiss doctors and thus
may not be representative of the patient’s most frequent concerns
in other realities. Future research should validate the tested
questions with professionals of other countries to ensure their
relevance across nations.

Comparison With Related Work

Comparing VAs to Web Search
Our results are partly in line with the work of Boyd and Wilson
[27], comparing the ability of Apple Siri and Google Assistant
(voice-and-display modality only) to provide expert information
for smoking-cessation-related questions compared to the web
search. Similar to Boyd and Wilson [27], we observed Google
Assistant to be more reliable than Apple Siri at providing
information from reliable sources (which in their study was
defined as web pages of health agencies with medical expertise).
However, although Boyd and Wilson [27] found the web search
to be more reliable better than Google Assistant, our evaluation
showed Google Assistant to be slightly more reliable than the
web search (in both voice-and-display and voice-only
modalities). The difference may lie in the evaluation of the web
search’s responses: although we considered featured snippets
as the selected response to judge the search engine on, Boyd
and Wilson [27] considered the first non-advertisement link or
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information of the list of results. This criterion may have led
the authors to collect more responses from the web search and
thus a different distribution of reliable sources. Moreover, Boyd
and Wilson [27] were the only ones comparing the reliability
of the VAs to a traditional method of health information search,
such as browser-based web search. Not comparing the VAs'
response rate and information reliability to web search makes
it difficult to conclude on their absolute ability to respond to
health-related questions. Our results not only show Google
Assistant leading in NCD-related information provision, but
also that it can even outperform the web search results and quite
successfully inform patients about NCD management.

Evaluating Response Source Type
Based on Alagha and Helbing [29], who based their evaluation
system on Boyd and Wilson [27], we evaluated the source type
and classified the sources as not stated, crowdsourced,
commercial, or expert (ie, a combination of the health nonprofit
and government sources in Alagha and Helbing [29]). Although
the authors observed Apple Siri and Google Assistant
responding and providing expert information more frequently
than Amazon Alexa (in the voice-and-display modality only),
our study showed an advantage of Google Assistant, followed
by Amazon Alexa. The higher advantage of Amazon Alexa
observed in our study may be explained by the time of data
collection. More specifically, Alagha and Helbing [29] tested
the VAs in 2018, which was before Amazon would instantiate
a partnership with the NHS in 2019 to provide reliable health
information [40] (see also the Principal Results section). Thus,
Amazon Alexa’s ability to respond to health-related questions
and the reliability of its sources may have increased since then.

Response Reliability Versus Response Appropriateness
Considering our results and the work of Boyd and Wilson [27]
and of Alagha and Helbing [29], Google Assistant seems to be
the best solution for health-related information lookup and thus
for best supporting patients with NCDs. This conclusion may,
however, be challenged by studies by Kocaballi et al [28] and
Yang et al [31].

Kocaballi et al [28] assessed how frequently Amazon Alexa,
Apple Siri, and Google Assistant would provide appropriate
responses to safety-critical and non-safety-critical questions.
Appropriateness was defined as the VA recommending to get
help from a health professional or service and to provide
specific contact information if the question was safety-critical
and as including relevant information to solve the problem raised
in the question if the question was non-safety-critical [28]. The
author observed that although Google Assistant often provided
a web source with its response, Apple Siri was the one providing
the highest number of appropriate responses. Similarly, Yang
et al [31], who assessed the clinical appropriateness of VAs’
responses, observed Google Assistant to provide an appropriate
response only 21% of the time, while Amazon Alexa performed
slightly better, with 29% of appropriate responses.
Appropriateness was defined by 2 physicians comparing the
response provided by the VA to the answer present in the
American College of Obstetricians and Gynecologists
patient-focused FAQs. Although appropriateness evaluation is
more meticulous because of analyzing the content, it is more

subjective. We approached the responses from a reliability
perspective and assessed them solely on an objective level, that
is, by assessing the use of recognized health web sources. Given
that, as mentioned above, source type may not be sufficient to
evaluate information quality, and future research should combine
source evaluation with professional content evaluation to obtain
a more complete representation of the VAs’ ability to provide
patients with reliable information.

Leveraging Speech Interaction
In general, most of the related work presented above [27-29]
evaluated VAs’ responses by considering both display and voice
responses. That is, if the VA was not to vocally synthesize a
direct response to the question but to say Here’s what I found
and visually showed a list of results, the first of that list was
still considered for evaluation. In our study, we considered only
voice responses. The rationale behind this decision is that the
use of VAs for (health-related) information lookup is truly
advantageous and accessible if it can breach the barriers of lack
of literacy [18]; visual, motor, or cognitive inabilities [19-24];
or manual unavailability [13-17]. Only Yang et al [31] reported
whether the VAs provided a voice response. Although the
differences between VAs were not statistically significant, the
authors showed Apple Siri to be the least reliable and Amazon
Alexa to be the most reliable. Our results replicate the low voice
response rate of Apple Siri but show Google Assistant to
respond vocally more frequently than Alexa. Given the small
sample of questions and low statistical power in Yang et al [31],
future research should evaluate a larger sample and contrast the
results to the findings of Yang et al [31] and this study.

FAQ Relevance
Although the questions used in the studies discussed above were
based on health-related web pages [27,29,31], none of them
verified the questions’ relevance for the patients themselves in
the real-world practice. In particular, gathering questions from
health-related websites ensured including questions that are of
most interest to the affected population, that is, not only patients
but potentially also their caregivers and close social network.
However, we aimed to target questions specifically relevant to
the patients, as they are the protagonists of self-management.
Thus, we submitted the selected questions to the respective
practicing medical specialists and explicitly asked them to rate
their frequency, considering the questions coming from the
patients. The fact that not all questions were relevant is also
supported by the fact that specialists did not select all questions
as being “Often” to “Always” asked by patients (see also
Multimedia Appendix 1).

Implications
Complications related to NCDs, such as CVD, cancer, chronic
respiratory disease, and DM, are among the main causes of
mortality, accounting for 71% and 74% of all deaths worldwide
in 2016 [1] and 2019 [2], respectively. Preventing those
complications or their worsening is, therefore, crucial for
survival. Engaging with self-management solutions is the best
preventive practice [3,4]. VAs can support self-management
through efficient and accessible information delivery by
fostering patient’s health literacy [44,45] (ie, the ability to
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obtain, process, understand, and communicate health-related
information to a level that favors positive health behavior [46]).
For instance, an individual with a chronic respiratory disease
who can ask their VA about smoking cessation strategies and
put those into practice has higher chances to stop smoking and
mitigate their health conditions. Our results show that Amazon
Alexa and Google Assistant are capable of providing reliable
health information through pure speech-based interaction,
although such ability differs across NCDs.

Conclusion
This study provides evidence of the ability of Vas, such as
Amazon Alexa, Apple Siri, and Google Assistant, to provide
reliable voice responses to questions related to NCD
management compared to the standard consumer-accessible
method of information lookup (ie, web search). We validated
NCD-related questions with practicing medical professionals,
submitted a set of 60 questions to each VA, and assessed the
response rate and source type. We answered the first research
question (ie, Is the response rate dependent on developers and
modality?), observing that Google Assistant responded to most
of the answers and Apple Siri responded to the fewest. Modality
played a minimal role, whereas Google Assistant and Apple
Siri responded slightly more often in the voice-only modality
and Amazon Alexa in the voice-and-display modality. Moreover,
we answered our second research question (ie, Is the source
type dependent on developers and modality?), finding that
Google Assistant based most of its responses on expert sources
of information, even outperforming the web search snippets.
Furthermore, Amazon Alexa was less reliable but provided
expert sources more than 50% of the times. Finally, Apple Siri
was the least reliable, providing a considerable percentage of
crowdsourced sources or often not providing a source at all.
Across modalities, Amazon Alexa and Apple Siri similarly

provided expert sources, while Google Assistant did so more
frequently in the voice-only modality. Thus, the variation seemed
to be more influenced by developer than modality. Finally,
answering our third and fourth research questions (ie, Is the
response rate dependent on developers and disease? and Is the
source type dependent on developers and disease?), we observed
that although there is a slight variation across the diseases,
Google Assistant showed a general clear advantage.
Nevertheless, although Google Assistant seems to be a good
option to ask NCD-related questions, a large number of
commercial sources was used, in particular for COPD. Providing
patients with unverified or non-evidence-based information
may be counterproductive if not dangerous. Therefore, we call
out health organizations to collaborate with technology
companies, such as Google, Amazon, and Apple, to ensure
patients with NCDs are provided with openly reliable (ie, expert)
information about the management of their condition. Finally,
as the algorithms behind the VAs continuously change, future
research should establish the temporal consistency of these
results.

To conclude, our contributions lie in the following aspects. First,
to the best of our knowledge, no previous research assessed the
reliability of the 3 most prevalent VAs in responding to
NCD-related questions. Second, we tested the selected VAs by
submitting questions that we validated with practicing medical
specialists in terms of the frequency of occurrence in their
medical consultations. Third, we systematically controlled for
the effect of visual display by testing both smart speakers and
display devices for each VA. Finally, as previous research
remains rather preliminary and lacks transparent method
reporting [47], we aimed to report our methods as precisely as
possible in the hope of stimulating informed future research on
the ability of VAs to retrieve reliable information about
health-related topics.
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